
Evolving Trends in  
Kidney Cancer

Edited by Sashi S. Kommu and Inderbir S. Gill

Edited by Sashi S. Kommu and Inderbir S. Gill

Kidney cancer imposes a significant cancer burden and its incidence continues to rise 
globally. Mortality in advanced kidney cancer remains high despite oncological, surgical 

and multimodal optimisation. Genetic associations, heterogeneity and limitations in 
early diagnosis through lack of optimal biomarkers add to the challenges. Over the 

last two decades there has been an exponential increase in diagnostic and therapeutic 
advances in the management of kidney cancer. The coupling of scientific advances 

in engineering and technology with oncological therapeutics has recently ushered a 
renewed optimism. The role of minimally invasive approaches through focal therapy and 
surgical extirpation using the robotic platform has been unprecedented and paramount. 
Virtual augmentation and mixed reality platforms have proved useful supplementary 

tools in surgical planning. The role of surgical simulation and training in development of 
surgeons with the optimal skill set is essential to provide optimal care. This book is the 

first in a series that explores the evolving trends in kidney cancer. The focus of the book 
is broad and includes topics ranging from immunotherapy to surgical simulation. Some 

chapters explore leading edge concepts while others capture the evolving trends and 
future concepts. The Editors aim to stimulate the readers to explore the key concepts and 

to encourage research and innovation along the main themes presented.

Published in London, UK 

©  2020 IntechOpen 
©  Ivan Mattioli / iStock

ISBN 978-1-83881-959-0

Evolving Trends in K
idney C

ancer



EVOLVING TRENDS IN
KIDNEY CANCER

Edited by Sashi S. Kommu
and Inderbir S. Gill



EVOLVING TRENDS IN
KIDNEY CANCER

Edited by Sashi S. Kommu
and Inderbir S. Gill



Evolving Trends in Kidney Cancer
http://dx.doi.org/10.5772/intechopen.70252
Edited by Sashi S. Kommu and Inderbir S. Gill

Contributors

Radu Ion Badea, Lidia Ciobanu, Attila Tama Szora, Alexandru Florin Badea, Mihai Suciu, Xin Ma, Cheng Peng, Liangyou
Gu, Xu Zhang, Dan Shen, Songliang Du, Qingbo Huang, Baojun Wang, Luojia Yang, Lingxiang Liu, Yang Wang, Ana
Marisa Chudzinski-Tavassi, Katia Luciano Pereira Morais, Roger Chammas, Jean Souza, Le Qu, Cheng Chen, Ding Wu,
Camilla Tajzler, Anil Kapoor, Fadil Hassan, Shahid Lambe, Faiz Mumtaz, Menazir Sha, Neelan Das, Keshav Mudgal,
Mohammed Kamil Quraishi, Milan Thomas, Ben Eddy, Adrian Simoes, Rakesh Raman, Jennifer Turner, Albert Edwards,
Amr Emara, Manar Malki, Hilten Patel, Chris Anderson, Nicholas Mehan, Minna Kankuri-Tammilehto

© The Editor(s) and the Author(s) 2020
The rights of the editor(s) and the author(s) have been asserted in accordance with the Copyright, Designs and Patents
Act 1988. All rights to the book as a whole are reserved by INTECHOPEN LIMITED. The book as a whole (compilation)
cannot be reproduced, distributed or used for commercial or non-commercial purposes without INTECHOPEN
LIMITED’s written permission. Enquiries concerning the use of the book should be directed to INTECHOPEN LIMITED
rights and permissions department (permissions@intechopen.com).
Violations are liable to prosecution under the governing Copyright Law.

Individual chapters of this publication are distributed under the terms of the Creative Commons Attribution 3.0
Unported License which permits commercial use, distribution and reproduction of the individual chapters, provided
the original author(s) and source publication are appropriately acknowledged. If so indicated, certain images may not
be included under the Creative Commons license. In such cases users will need to obtain permission from the license
holder to reproduce the material. More details and guidelines concerning content reuse and adaptation can be found
at http://www.intechopen.com/copyright-policy.html.

Notice

Statements and opinions expressed in the chapters are these of the individual contributors and not necessarily those
of the editors or publisher. No responsibility is accepted for the accuracy of information contained in the published
chapters. The publisher assumes no responsibility for any damage or injury to persons or property arising out of the
use of any materials, instructions, methods or ideas contained in the book.

First published in London, United Kingdom, 2020 by IntechOpen
IntechOpen is the global imprint of INTECHOPEN LIMITED, registered in England and Wales, registration number:
11086078, 7th floor, 10 Lower Thames Street, London,
EC3R 6AF, United Kingdom
Printed in Croatia

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

Additional hard and PDF copies can be obtained from orders@intechopen.com

Evolving Trends in Kidney Cancer, Edited by Sashi S. Kommu and Inderbir S. Gill
p. cm.
Print ISBN 978-1-83881-959-0
Online ISBN 978-1-83881-960-6
eBook (PDF) ISBN 978-1-83881-964-4



Evolving Trends in Kidney Cancer
http://dx.doi.org/10.5772/intechopen.70252
Edited by Sashi S. Kommu and Inderbir S. Gill

Contributors

Radu Ion Badea, Lidia Ciobanu, Attila Tama Szora, Alexandru Florin Badea, Mihai Suciu, Xin Ma, Cheng Peng, Liangyou
Gu, Xu Zhang, Dan Shen, Songliang Du, Qingbo Huang, Baojun Wang, Luojia Yang, Lingxiang Liu, Yang Wang, Ana
Marisa Chudzinski-Tavassi, Katia Luciano Pereira Morais, Roger Chammas, Jean Souza, Le Qu, Cheng Chen, Ding Wu,
Camilla Tajzler, Anil Kapoor, Fadil Hassan, Shahid Lambe, Faiz Mumtaz, Menazir Sha, Neelan Das, Keshav Mudgal,
Mohammed Kamil Quraishi, Milan Thomas, Ben Eddy, Adrian Simoes, Rakesh Raman, Jennifer Turner, Albert Edwards,
Amr Emara, Manar Malki, Hilten Patel, Chris Anderson, Nicholas Mehan, Minna Kankuri-Tammilehto

© The Editor(s) and the Author(s) 2020
The rights of the editor(s) and the author(s) have been asserted in accordance with the Copyright, Designs and Patents
Act 1988. All rights to the book as a whole are reserved by INTECHOPEN LIMITED. The book as a whole (compilation)
cannot be reproduced, distributed or used for commercial or non-commercial purposes without INTECHOPEN
LIMITED’s written permission. Enquiries concerning the use of the book should be directed to INTECHOPEN LIMITED
rights and permissions department (permissions@intechopen.com).
Violations are liable to prosecution under the governing Copyright Law.

Individual chapters of this publication are distributed under the terms of the Creative Commons Attribution 3.0
Unported License which permits commercial use, distribution and reproduction of the individual chapters, provided
the original author(s) and source publication are appropriately acknowledged. If so indicated, certain images may not
be included under the Creative Commons license. In such cases users will need to obtain permission from the license
holder to reproduce the material. More details and guidelines concerning content reuse and adaptation can be found
at http://www.intechopen.com/copyright-policy.html.

Notice

Statements and opinions expressed in the chapters are these of the individual contributors and not necessarily those
of the editors or publisher. No responsibility is accepted for the accuracy of information contained in the published
chapters. The publisher assumes no responsibility for any damage or injury to persons or property arising out of the
use of any materials, instructions, methods or ideas contained in the book.

First published in London, United Kingdom, 2020 by IntechOpen
IntechOpen is the global imprint of INTECHOPEN LIMITED, registered in England and Wales, registration number:
11086078, 7th floor, 10 Lower Thames Street, London,
EC3R 6AF, United Kingdom
Printed in Croatia

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

Additional hard and PDF copies can be obtained from orders@intechopen.com

Evolving Trends in Kidney Cancer, Edited by Sashi S. Kommu and Inderbir S. Gill
p. cm.
Print ISBN 978-1-83881-959-0
Online ISBN 978-1-83881-960-6
eBook (PDF) ISBN 978-1-83881-964-4

Selection of our books indexed in the Book Citation Index 
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 
For more information visit www.intechopen.com

4,900+ 
Open access books available

151
Countries delivered to

12.2%
Contributors from top 500 universities

Our authors are among the

Top 1%
most cited scientists

124,000+
International  authors and editors

140M+ 
Downloads

We are IntechOpen,
the world’s leading publisher of 

Open Access books
Built by scientists, for scientists

BOOK
CITATION

INDEX

 

CL
AR

IVATE ANALYTICS

IN D E X E D





Meet the editors

Dr Sashi S. Kommu is an Associate Professor in Uro-on-
cology and Cancer Biology in The School of Biosciences; 
The University of Kent, United Kingdom. He is also a 
Consultant Pelvic Cancer Urological Surgeon with a 
subspecialty interest in minimally invasive management 
of urological cancers including laparoscopic and robot-
ic urological surgery at East Kent Hospitals University 

NHS Foundation Trust. He leads The National Institute for Health Research 
(NIHR) for all surgical specialties for Kent, Surrey and Sussex in the U.K. 
His key clinical interests are in the minimally invasive management of 
urological cancers, surgical robotics and intelligent probes. He has done 
formal research at The Royal Marsden NHS Foundation Trust and The 
Institute of Cancer Research with The Translational Cancer Genetics Team 
where he refined his scientific methodology in advanced laboratory work 
with an emphasis on cancer genetics and proteomics. He has also gained 
vast exposure in nanotechnology. He has over 100 peer-reviewed publica-
tions in respected scientific and medical journals including The Lancet. He 
also has over 300 scientific presentations, several book chapters and books. 
Dr Kommu has over 25 academic awards including The Olympus Award at 
The 25th World Congress of Endourology in Cleveland U.S.A. 2006. He has 
nine pending patents including a cost-effective Telerounding Kit for Remote 
Teleconsultations, which was presented at The House of Commons (Host-
ed by The British Parliament) in 2006. His ability to blend medical science 
with engineering and technology has earned him two NASA collaborative 
scientific commendations. Dr Kommu is reviewer for 15 surgical/urological 
and 3 basic sciences journals. Several novel concepts described by Dr Kom-
mu include ‘suppressor screening in urological cancer screening’ and ‘the 
supplementary biomarker approach’ for detecting cancers. 

Dr Inderbir Gill is Chairman and Distinguished Pro-
fessor of the Catherine and Joseph Aresty Department 
of Urology, Founding Executive Director of the USC 
Institute of Urology and Associate Dean for clinical inno-
vation. Dr Gill is an internationally recognized leader in 
the field of robotic and laparoscopic surgery for urologic 
cancers. An acclaimed innovator, he and his team are 

the world leaders in robotic urologic cancer surgery for prostate, kidney 
and bladder cancer, having performed over 15,000 aggregate cases. For 
his outstanding work, Dr Gill has received numerous prestigious awards, 
including the Dr B.C. Roy National Award, presented by the President of 
India for Eminent Medical Person in India. It marked the first time a phy-
sician living outside of India was selected for this national award. Dr Gill 
was also awarded the St. Paul’s Medal by the British Association of Urolog-



ical Surgeons, which is the highest honour bestowed by the organisation. 
He has published more than 750 peer-reviewed scientific papers, 50 book 
chapters and eight textbooks. He was elected to the prestigious Ameri-
can Association of Genito-Urinary Surgeons in 2003 and was selected as 
European Urology’s first North American editor. Dr Gill is a distinguished 
researcher and prolific scholar. He has been listed among the Best Doctors 
in America for several years. Contents

Preface VII

Section 1 Genetic Susceptibility and Immunotherapy    1

Chapter 1 Genetic Susceptibility to Kidney Cancer   3
Minna Kankuri-Tammilehto

Chapter 2 Role of Immune System in Kidney Cancer   19
Ana Marisa Chudzinski-Tavassi, Kátia Luciano Pereira Morais, Jean
Gabriel de Souza and Roger Chammas

Chapter 3 Immunotherapy for Renal Cell Carcinoma   43
Le Qu, Ding Wu, Haowei He, Xiaofeng Xu and Cheng Chen

Section 2 Current Concepts in Kidney Cancer    73

Chapter 4 Simulation and Training in Kidney Cancer Surgery   75
Nicholas Mehan, Nicholas Simson and Ben Challacombe

Chapter 5 Augmented Reality in Kidney Cancer   93
Keshav Shree Mudgal and Neelanjan Das

Chapter 6 Renal Tumor Biopsies: A Shift towards Improving Outcomes in
the Management of Small Renal Masses   111
Menazir Sha and Faiz Mumtaz

Chapter 7 Harmonic Contrast-Enhanced Ultrasound (CEUS) of
Kidney Tumors   119
Lidia Ciobanu, Attila Tamas Szora, Alexandru Florin Badea, Mihai
Suciu and Radu Badea



Contents

Preface XI

Section 1 Genetic Susceptibility and Immunotherapy    1

Chapter 1 Genetic Susceptibility to Kidney Cancer   3
Minna Kankuri-Tammilehto

Chapter 2 Role of Immune System in Kidney Cancer   19
Ana Marisa Chudzinski-Tavassi, Kátia Luciano Pereira Morais, Jean
Gabriel de Souza and Roger Chammas

Chapter 3 Immunotherapy for Renal Cell Carcinoma   43
Le Qu, Ding Wu, Haowei He, Xiaofeng Xu and Cheng Chen

Section 2 Current Concepts in Kidney Cancer    73

Chapter 4 Simulation and Training in Kidney Cancer Surgery   75
Nicholas Mehan, Nicholas Simson and Ben Challacombe

Chapter 5 Augmented Reality in Kidney Cancer   93
Keshav Shree Mudgal and Neelanjan Das

Chapter 6 Renal Tumor Biopsies: A Shift towards Improving Outcomes in
the Management of Small Renal Masses   111
Menazir Sha and Faiz Mumtaz

Chapter 7 Harmonic Contrast-Enhanced Ultrasound (CEUS) of
Kidney Tumors   119
Lidia Ciobanu, Attila Tamas Szora, Alexandru Florin Badea, Mihai
Suciu and Radu Badea



Section 3 Medical Management of Kidney Cancer    135

Chapter 8 Target Therapy for Kidney Cancer   137
Yang Wang and Lingxiang Liu

Chapter 9 Medical Management of Renal Cell Cancer   155
Jennifer Turner, Adrian Simoes, Albert Edwards and Rakesh Raman

Chapter 10 Current Role of Adjuvant Therapy in High Risk for Recurrence
Resected Kidney Cancer   173
Fadil Hassan, Shahid Lambe, Kiran Sharma and Anil Kapoor

Section 4 Surgical Approach to Kidney Cancer    195

Chapter 11 Surgical Strategy for the Management of Renal Cell Carcinoma
with Inferior Vena Cava Tumor Thrombus   197
Cheng Peng, Liangyou Gu, Luojia Yang, Baojun Wang, Qingbo
Huang, Dan Shen, Songliang Du, Xu Zhang and Xin Ma

Chapter 12 Focal Therapy in Kidney Cancer   211
Manar Malki and Amr Emara

Chapter 13 Robotic Surgery and Successful Set-Up: A Stepwise
Approach   223
Christopher J. Anderson and Hiten R.H. Patel

Chapter 14 Robot-Assisted Partial Nephrectomy: Evolving
Techniques   235
Mohammed Kamil Quraishi, Edward Ramez Latif, Milan Thomas,
Ben Eddy, Elio Mazzone and Alexandre Mottrie

X Contents

Preface

Ours is an exciting time. At no other time in history has there been such an exponential in‐
crease in our understanding of disease processes through research and innovation. Kidney
cancer is no exception. The recent propulsion and coupling of technological advances and
targeted drug therapy in the management of kidney cancer has ushered with it a plethora of
significant advances in our current approach. However, kidney cancer continues to impose
a significant cancer burden and its incidence continues to rise globally. Mortality in ad‐
vanced kidney cancer remains high despite oncological, surgical and multimodal optimisa‐
tion. Genetic associations, heterogeneity and limitations in early diagnosis through lack of
optimal biomarkers and early detection tools add to the challenges.

This book is the first in a series that aims to act as a primer and to provide the reader with a
comprehensive and up-to-date framework to optimise understanding and stimulate further
research and innovation. The chapters were written by a global faculty of leading experts in
the respective fields with a multidisciplinary approach. The authorship includes scientists,
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Abstract

According to the latest knowledge, hereditary kidney cancers may account for 5–8% of all
kidney cancers, and it may be more common than previously thought. Hereditary RCC is
often characterized by an early age of onset (approximately 45 years), typical histological
pattern, and frequently the bilaterality and multicentricity of the primary tumor. Wilms’
tumor (nephroblastoma) is the most common kidney tumor of childhood. More than 15
syndromes with inherited susceptibility to kidney cancer are known, and there are over 25
known genes associated with them. Most of these are dominantly inherited in which the
offspring of the proband has a 50% chance of inheriting a gene mutation with susceptibil-
ity to kidney cancer. The aggressiveness of hereditary RCCs and recommended surgery
varies depending on the syndrome and mutation type. Also, systemic therapy may be
optional. Multigene next generation sequencing (NGS) panel technology allows genes of
interest to be studied quickly and cost-effectively. Sequencing investigations have
improved the accuracy of hereditary cancer diagnoses. Diagnostic utility has been hugely
increased by multigene NGS panels. It is important to identify hereditary cancer suscepti-
bility, because the risk of cancer in the mutation carriers can be reduced. In this review
article, the latest literature on syndromes subjecting to hereditary kidney cancer and
recommended follow-up is summarized.

Keywords: von Hippel-Lindau, hereditary papillary RCC, hereditary leiomyomatosis
and RCC, Birt-Hogg-Dubé, Wilms’ tumor, hereditary kidney cancer syndromes,
genetic susceptibility

1. Introduction

Kidney cancer is the 16th most common cancer worldwide with over 400,000 cases in 2018
representing approximately 2.2% of all diagnosed malignancies worldwide [1]. The majority of
primary renal malignancies are renal cell carcinomas (RCCs) with most of the remaining
comprising upper tract urothelial carcinoma (UTUC). The mean age of onset of RCC is

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons

Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,

distribution, and eproduction in any medium, provided the original work is properly cited.
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approximately 60–70 years. The most common kidney tumor of childhood is Wilms’ tumor
(nephroblastoma). In the European Union, the estimated annual number of new kidney can-
cers is approximately 46,000 [2]. Etiologic risk factors for kidney cancer development are male
sex, obesity, and tobacco, in addition to hypertension [3–5], acquired cystic kidney disease [6],
and inherited susceptibility. Prognostic factors of different protein and gene expressions in
RCC have been studied [7, 8].

According to the latest knowledge, hereditary kidney cancers may account for 5–8% of all
kidney cancers [9], and it may be more common than previously thought [10]. In those RCC
patients without clear cell RCC (ccRCC) subtype, the amount of germline high-risk mutations
is greater, 12% [11]. Susceptibility to kidney cancer may be caused by high-risk, moderate-risk,
or low-risk gene mutation [12]. Even the carriership of high-risk gene mutation does not
always lead to kidney cancer. The risk for kidney cancer (penetrance) varies in different
syndromes. In some cases, the predisposed genetic factor to kidney cancer is chromosomal
aberration, for example, as in constitutional chromosomal 3 translocation with 6 or 8 of family
(Table 2). In hereditary cancer, the impact of environmental factors is small.

More than 15 syndromes with inherited susceptibility to kidney cancer are known, and there
are over 25 known genes associated with them. Most of these are dominantly inherited in
which the offspring of the proband has a 50% chance of inheriting a gene mutation with
susceptibility to kidney cancer.

2. Identifying hereditary kidney cancer

Hereditary kidney cancer syndrome is often characterized by an early age of onset (approxi-
mately 45 years) [30], typical histological pattern, and frequently the bilaterality and
multicentricity of the primary tumor (Table 1). By evaluating the family history of diagnosed
cancer cases, benign tumors, and diagnostic gene test results, it is possible to identify families
with hereditary kidney cancer (Tables 2 and 3).

It is possible that there exists only a single hereditary cancer syndrome case in the family due
to de novo mutations (autosomal dominant) which means that the person’s parents do not
have the same mutation. There are hot spot regions in genes where mutation can easier
develop during meiosis of germ cells. In addition to this, the risk of hereditary kidney cancer

Multiple close relatives with benign or malign tumors of the syndrome

Atypically young age of onset for tumors of the syndrome

Relative with two tumors of the syndrome (two examples below)

• RCC and uterine leiomyosarcoma
• Colon cancer or endometrial carcinoma in the uterus and upper tract urothelial carcinoma

Typical histological finding (e.g., rare subtype or multiplicity) or clinical picture

Table 1. Factors suggesting inherited cancer syndrome.

Evolving Trends in Kidney Cancer4

is linked to some congenital multisystem syndromes, such as Beckwith-Wiedemann syndrome
and tuberous sclerosis (Table 4). When such a multisystemic syndrome is detected, appropri-
ate follow-up care is provided as with hereditary kidney cancer families.

It is suspected that hereditary kidney cancer is underdiagnosed. Identifying the families with
increased risk for kidney cancer allows clinicians to improve the prognosis of persons with
genetic cancer susceptibility. This review discussed the characteristics of inherited kidney
cancer and how to improve their prognosis (Table 5).

3. Basic cancer genetics

In hereditary and sporadic cancer, the normal genome regulation is impaired [34], and cancer
susceptibility is caused by both inherited germline gene mutations and somatic gene mutations
in tissue that occurred over time. However, in sporadic cases the inherited gene mutations
cause low risk for kidney cancer [35]. Of all clear cell-type RCCs (sporadic or hereditary), 75%
have a somatic mutation in the von Hippel-Lindau tumor suppressor gene (VHL) in the short

von Hippel-Lindau
(VHL)

Hereditary
papillary RCC
(HPRC)

Hereditary
leiomyomatosis and
RCC (HLRCC)

Birt-Hogg-Dubé
(BHD)

Constitutional
chromosomal
3 translocation

RCC
subtype

Clear cell carcinoma Papillary type 1 Papillary type 2,
collecting duct

Most often
chromophobe �
oncocytoma

Clear cell
carcinoma

Risk for
RCC

40% Nearly 100% 20–30% 30% 30%

Gene VHL MET FH FLCN(BHD)

Typical
age of
onset for
RCC

40 years 50–70 years Less than 40 years 50 years

Biology of
RCC

Bilaterality, multiple
tumors

Bilaterality,
multiple tumors,
microscopic
lesions as much
as 1000

Unilaterality, solitarity,
aggressive, highly
potential to metastasize

Bilaterality, multiple
tumors

Bilaterality,
multiple
tumors

Typical
surgery

Minimal invasive Minimal invasive
or radical
nephrectomy

Radical nephrectomy Minimal invasive

Other
signs of
the
syndrome
than RCC

Retinal
hemangioma/CNS
hemangioblastoma,
pheochromocytoma

None Uterine leiomyomas in
almost every patient,
uterine leiomyosarcoma,
cutaneous leiomyomas

Cutaneous hair
follicle benign tumors
and pulmonary cysts
in almost every
patient

Thyroid,
bladder,
pancreatic and
gastric cancer

Reference [13, 14] [15, 16] [17–20] [21, 22] [23]

Table 2. Hereditary cancer syndromes in which the kidney cancer risk is high.

Genetic Susceptibility to Kidney Cancer
http://dx.doi.org/10.5772/intechopen.91933
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cers is approximately 46,000 [2]. Etiologic risk factors for kidney cancer development are male
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Multiple close relatives with benign or malign tumors of the syndrome

Atypically young age of onset for tumors of the syndrome

Relative with two tumors of the syndrome (two examples below)

• RCC and uterine leiomyosarcoma
• Colon cancer or endometrial carcinoma in the uterus and upper tract urothelial carcinoma

Typical histological finding (e.g., rare subtype or multiplicity) or clinical picture

Table 1. Factors suggesting inherited cancer syndrome.
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is linked to some congenital multisystem syndromes, such as Beckwith-Wiedemann syndrome
and tuberous sclerosis (Table 4). When such a multisystemic syndrome is detected, appropri-
ate follow-up care is provided as with hereditary kidney cancer families.

It is suspected that hereditary kidney cancer is underdiagnosed. Identifying the families with
increased risk for kidney cancer allows clinicians to improve the prognosis of persons with
genetic cancer susceptibility. This review discussed the characteristics of inherited kidney
cancer and how to improve their prognosis (Table 5).
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von Hippel-Lindau
(VHL)

Hereditary
papillary RCC
(HPRC)

Hereditary
leiomyomatosis and
RCC (HLRCC)

Birt-Hogg-Dubé
(BHD)

Constitutional
chromosomal
3 translocation

RCC
subtype

Clear cell carcinoma Papillary type 1 Papillary type 2,
collecting duct

Most often
chromophobe �
oncocytoma

Clear cell
carcinoma

Risk for
RCC

40% Nearly 100% 20–30% 30% 30%

Gene VHL MET FH FLCN(BHD)

Typical
age of
onset for
RCC

40 years 50–70 years Less than 40 years 50 years

Biology of
RCC

Bilaterality, multiple
tumors

Bilaterality,
multiple tumors,
microscopic
lesions as much
as 1000

Unilaterality, solitarity,
aggressive, highly
potential to metastasize

Bilaterality, multiple
tumors

Bilaterality,
multiple
tumors

Typical
surgery

Minimal invasive Minimal invasive
or radical
nephrectomy

Radical nephrectomy Minimal invasive

Other
signs of
the
syndrome
than RCC

Retinal
hemangioma/CNS
hemangioblastoma,
pheochromocytoma

None Uterine leiomyomas in
almost every patient,
uterine leiomyosarcoma,
cutaneous leiomyomas

Cutaneous hair
follicle benign tumors
and pulmonary cysts
in almost every
patient

Thyroid,
bladder,
pancreatic and
gastric cancer

Reference [13, 14] [15, 16] [17–20] [21, 22] [23]
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Tuberous sclerosis Beckwith-Wiedemann syndrome Perlman syndrome

Kidney cancer
subtype

Clear cell, papillary, chromophobe Wilms’ tumor Wilms’ tumor

Risk for kidney
cancer

Less than 5% Around 5% 30–60%

Gene TSC1, TSC2 CDKN1C DIS3L2

Typical age of
onset for kidney
cancer

35 years Primarily in the first 8 years of life Neonatally

Inheritance Autosomal dominant Autosomal dominant, sporadic Autosomal recessive

Other signs of
the syndrome
than kidney
cancer

Renal angiomyolipomas,
hypopigmentation, seizures, learning
difficulties, angiofibromas, shagreen
patches, oral mucosal lesions,
subependymal giant cell astrocytoma

Neonatal hypoglycemia,
macrosomia, macroglossia,
hemihyperplasia, omphalocele,
renal abnormalities

Fetal ascites,
macrosomia,
visceromegaly,
generalized hypotonia

References [31, 32] [33] [33]

Table 4. Congenital multisystem syndromes with susceptibility for the kidney cancer.

Lynch
syndrome

Cowden
syndrome

Hyperparathyroid
jaw tumor
syndrome

Hereditary
pheochromocytoma
and paraganglioma

Li-Fraumeni
syndrome

BAP1 tumor
predisposition
syndrome

Kidney
cancer
subtype

Upper
tract
urothelial
carcinoma

Clear cell,
papillary,
chromophobe

Papillary type 1
RCC, adult Wilms’
tumor

Clear cell RCC,
chromophobe RCC,
oncocytoma

RCC and
Wilms’
tumor

Clear cell RCC

Risk for
kidney
cancer

Multiple 15% Uncommon 10% Low 10%

Gene MLH1,
MSH2,
MSH6,
PMS2,
EPCAM

PTEN CDC73 SDHB, SDHC, SDHD p53 BAP1

Other
signs of
the
syndrome
than RCC

Bowel
cancer,
uterine,
ovarian
cancer

Mucocutaneous
papules,
hamartomas,
macrocephaly,
thyroid
cancer, uterine
cancer,
intestinal
polyps

Ossifying jaw
fibromas, renal cysts,
parathyroid
adenoma/carcinoma,
uterine tumors

Paragangliomas,
pheochromocytoma,
GIST

Brain tumor,
sarcoma,
leukemia and
other cancer
types

Uveal and
cutaneous
melanoma,
mesothelioma

Reference [24] [25] [26] [27] [28] [29]

Table 3. Hereditary cancer syndromes in which the kidney cancer risk is moderate or low.
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arm of chromosome [36]. According to Vogelstein’s research group, chance has a major impact
in the development of cancer-causing mutations during DNA replication in normal,
noncancerous stem cells [37]. Current understanding is that about four to seven mutations in
key driver genes is sufficient to cause cancer to develop [38].

Genes associated with cancer predisposition are oncogenes or tumor suppressor genes. Onco-
genes act as gain of function. Mutation in the other allele is sufficient to produce the altered
protein. An example of this is theMET oncogene, in which mutation predisposes to hereditary
papillary renal cell carcinoma (HPRC) (Table 2). However, typically inherited cancer predis-
position is caused by the loss of function of tumor suppressor gene. In nearly all cases, the
mutations in tumor suppressor genes function recessively at the cellular level, following
Knudson’s theory of two hits [39]. Therefore, both alleles must lose function before the carci-
nogenesis may occur. The first mutation associated with the syndrome, the germline mutation,
passes the susceptibility to cancer to the next generation (nearly always) according to the
autosomal dominant inheritance and is situated in all the persons’ cells. The mutation in the
other allele in the same gene occurs during life. The penetrance of the inherited mutation is
decreased. Therefore, only part of the mutation carriers will be affected, but the risk of cancer is
many times higher than in an average population (Tables 2 and 3).

Caretaker genes are responsible for genomic stability by detecting damage to the genome, such
as single- or double-stranded DNA breaks [40]. Disruption in these genes leads to genomic
instability: an increase in the number of spontaneous mutations that cause new mutations in
oncogenes and growth restriction genes. Mutations in the caretaker genes are responsible for a
number of cancer susceptibility syndromes. For example, germline mutation in the growth
restriction gene MLH1 exposes for Lynch syndrome, which is associated with a high risk of
colon and endometrial carcinoma in the uterus and multiple risk for urothelial carcinoma
compared to an average population [24, 41]. Gatekeeper genes control cell growth. Normally,
a mutation in a gatekeeper gene activates the caretaker genes to participate in repair [34].
However, if this repair does not work, mutation in the gatekeeper gene will result in tumor
formation. For example, p53 acts as a gatekeeper, and its mutation exposes it to several types of
cancers, such as RCC (Table 3).

The aim is to improve the early detection of cancer

Occurrence can be prevented by removing the precursors identified in the monitoring

• In the carriers of Lynch syndrome mutation, removal of colon adenomas decreases the risk of colon cancer

Occurrence can be prevented by surgical procedures

• In the carriers of Lynch syndrome mutation, removal of uterus by menopause decreases the risk of endometrial
carcinoma in uterus

Sometimes genetic information can guide the choice of medication

• In the carriers of p53 mutation, radiation therapy and X-ray imaging will be avoided

Table 5. How to improve prognosis in the carriers of hereditary gene mutation.
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in the development of cancer-causing mutations during DNA replication in normal,
noncancerous stem cells [37]. Current understanding is that about four to seven mutations in
key driver genes is sufficient to cause cancer to develop [38].

Genes associated with cancer predisposition are oncogenes or tumor suppressor genes. Onco-
genes act as gain of function. Mutation in the other allele is sufficient to produce the altered
protein. An example of this is theMET oncogene, in which mutation predisposes to hereditary
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position is caused by the loss of function of tumor suppressor gene. In nearly all cases, the
mutations in tumor suppressor genes function recessively at the cellular level, following
Knudson’s theory of two hits [39]. Therefore, both alleles must lose function before the carci-
nogenesis may occur. The first mutation associated with the syndrome, the germline mutation,
passes the susceptibility to cancer to the next generation (nearly always) according to the
autosomal dominant inheritance and is situated in all the persons’ cells. The mutation in the
other allele in the same gene occurs during life. The penetrance of the inherited mutation is
decreased. Therefore, only part of the mutation carriers will be affected, but the risk of cancer is
many times higher than in an average population (Tables 2 and 3).

Caretaker genes are responsible for genomic stability by detecting damage to the genome, such
as single- or double-stranded DNA breaks [40]. Disruption in these genes leads to genomic
instability: an increase in the number of spontaneous mutations that cause new mutations in
oncogenes and growth restriction genes. Mutations in the caretaker genes are responsible for a
number of cancer susceptibility syndromes. For example, germline mutation in the growth
restriction gene MLH1 exposes for Lynch syndrome, which is associated with a high risk of
colon and endometrial carcinoma in the uterus and multiple risk for urothelial carcinoma
compared to an average population [24, 41]. Gatekeeper genes control cell growth. Normally,
a mutation in a gatekeeper gene activates the caretaker genes to participate in repair [34].
However, if this repair does not work, mutation in the gatekeeper gene will result in tumor
formation. For example, p53 acts as a gatekeeper, and its mutation exposes it to several types of
cancers, such as RCC (Table 3).

The aim is to improve the early detection of cancer

Occurrence can be prevented by removing the precursors identified in the monitoring

• In the carriers of Lynch syndrome mutation, removal of colon adenomas decreases the risk of colon cancer

Occurrence can be prevented by surgical procedures

• In the carriers of Lynch syndrome mutation, removal of uterus by menopause decreases the risk of endometrial
carcinoma in uterus

Sometimes genetic information can guide the choice of medication

• In the carriers of p53 mutation, radiation therapy and X-ray imaging will be avoided
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Genetics of cancer is only partially known. Advanced technological methods can detect previ-
ously unknown mutations in germline and tumors. Knowledge of the biology of hereditary
cancer also increases the understanding of sporadic cancers, as the same disease genes are
found in hereditary and non-hereditary cancers: e.g., mutated MET is a driver gene in hered-
itary and sporadic papillary renal carcinomas [42], and mutated WT1 is observed both in
sporadic and hereditary Wilms’ tumor. Novel genes and variants may be explored by whole
exome (WES) or genome research (WGS), where also noncoding regions are examined, in
scientific research projects. Identifying low-risk variants requires data from thousands of
patients and controls, which are investigated in genome-wide association studies (GWAS).

4. Genetic counseling and supporting families with hereditary cancer

It is important to identify hereditary cancer susceptibility, because the risk of cancer, morbidity,
and mortality in the mutation carriers can be reduced both in cancer patients and healthy
relatives in the family. If the family mutation is known, healthy family members with mutation
can participate in preventive studies. If the person does not have the known family mutation,
there is no need to have follow-up care because the risk of the cancer is the same as for an
average population.

Diagnostic gene testing on cancer patients is carried out in the clinical genetic units, but
diagnostic genetic testing can also be ordered by a treating oncologist or surgeon for patients
with kidney cancer. There are established principles for considering genetic testing in the case
of suspected hereditary cancer susceptibility (Table 6) [43]. If there is a genetic test that is
appropriate for the situation, the American Society of Clinical Oncology (ASCO) recommends
access to genetic testing. Before testing the individuals, informed consent should be requested
after adequate information and counseling [44]. For genetic testing the patient’s peripheral
blood, lymphocyte DNA is examined for identifying a possible hereditary mutation.

The investigation for finding the family mutation is always started with the affected person. A
medical geneticist will determine who could have mutation with increased kidney cancer risk

Hereditary cancer is suspected

The result of the gene test should be adequately interpreted

Gene testing has one of the following benefits:

• Improves diagnosis
• Guides to the appropriate medical surveillance for the carriers of gene mutation
• Provides information about strategies for prevention in the carriers of gene mutation

The ASCO has provided guidance on when genetic testing for cancer families should be considered [43]. The following
three conditions should be met. If the family mutation is found, the access for healthy relatives to genetic counseling
should be arranged.

Table 6. ASCO 2010 criteria for genetic testing.
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in the family. If there are no surviving cancer patients in the family, with the permission of the
relative, from the pathology department, a sample of the deceased person may be requested to
have healthy tissue DNA for genetic examination.

The result of the genetic testing gives information about the cancer risk of relatives. Healthy at-
risk relatives should have access to genetic counseling and predictive genetic testing after
counseling if they decide (Council of Europe’s The Convention on Human Rights and Biomed-
icine in Article 12, 1997). The clinical genetics units offer this service. The geneticist will have
the opportunity to provide the laboratory with reliable information about the family mutation
and arrange for the laboratory the DNA sample of the family’s index patient, which is a control
sample, positive control, to obtain a reliable test result. Counseling before predictive genetic
testing is nondirective and includes insight of the patient and the family. In counseling, the
patient and family receive not only information but also support. Increased anxiety or distress
has been documented in both counselors and their families around testing when investigating
hereditary VHL susceptibility [45]. The Genetic Information Nondiscrimination Act of the
Council of Europe’s Convention in Article 11, in 1997, was passed to prevent forms of genetic
discrimination by employment and health insurance. The Council of Europe’s Convention
prohibits the transfer of genetic information to employers in order to prevent employment
discrimination. Insurance discrimination is discussed in counseling. In Finland, genetic testing
is organized by public health care, which is why very few gene tests are conducted privately.

Participation in predictive genetic testing has been studied in the Finnish Lynch syndrome
families, which are at high risk for colorectal cancer and endometrial carcinoma in the uterus.
Approximately 80% of the members of the family participated in genetic counseling, and 95%
of them performed genetic prediction [46]. The main reasons for participating in predictive
genetic testing are the potential for cancer detection in surveillance monitoring, improved
treatment options in many Lynch syndrome cancer types, and improved cancer prognosis.

After the genetic testing, the counselor should always receive an interpretation of the significance
of the genetic test result [43, 44]. Different mutations in the same disease gene, for example, in the
inherited VHL gene, can have varying effects on cancer risk and prognosis [47]. The genetic
practitioner will assess the significance of the result for each family separately. It is useful to wait
until the age of 18 to allow an offspring to reach an age of consent in those inherited syndromes
in which the age of onset is in adulthood. However, the early age of onset in condition like VHL
could have devastating complications without early detection andmanagement, and therefore in
this syndrome predictive testing is recommended to at-risk children in family.

5. Genotype-phenotype correlation in kidney cancer

VHL is divided to subgroups for academic purposes according to the phenotype based on the
likelihood of pheochromocytoma or renal cell carcinoma. In the following some examples are
described. For example, a reduced risk for renal cell carcinoma in individuals has been
observed with a deletion of VHL [13]. A MET variant due to a mutation is associated with
early-onset HPRC disease [16]. The WT1 gene mutation may cause hereditary Wilms’ tumor
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without syndrome or with syndrome, like Denys-Drash, Frasier, or nephrotic syndrome type 4.
WT1 protein plays an important role in renal and gonadal development, due to which genital
abnormalities can be seen in Denys-Drash and Frasier syndrome. In Frasier syndrome patients
have progressive nephrotic syndrome, but incidence of Wilms’ tumor is rare. Mutations that are
responsible for Frasier syndrome are located in intron 9 in WT1 (an alternative splicing site). In
Denys-Drash syndrome, patients’ typical symptoms are progressive nephrotic syndrome that
early progresses to renal failure less than the age of 4 years. A majority of the Denys-Drash
patients have mutations located in exons 8 and 9. The risk of Wilms’ tumor is very high (90%).

6. The diagnostic impact of gene testing evolution

Multigene next generation sequencing (NGS) panel technology allows genes of interest to be
studied quickly and cost-effectively. By focused massive parallel sequencing, it is possible to
examine those exons of the genome’s genes that are of interest in diagnosing the cause of
inherited kidney cancer. The method can also investigate boundaries between exons and
introns. A gene panel for hereditary kidney cancer covers approximately 25 genes and can be
ordered from different companies. Clinical picture may sometimes indicate a mutation in
particular gene or genes, which can be separately examined. However, often hereditary muta-
tion may be in many different genes according to patient and family history, and then
multigene panel-based NGS will be more economical than Sanger or NGS sequencing of
several different genes. Sequencing results are obtained in about 4 weeks. The gene content of
the panels is regularly updated by laboratories as information on genes associated with kidney
cancer is published continuously. A limitation of parallel sequencing is that they cannot
recognize large intrinsic deletions or duplicates, and for this another method is required that
investigates exome CNVs. A majority of hereditary mutations are located in the exome region.
The whole genome NGS is not yet a routine method, but it is used in scientific studies. By the
NGS method, the diagnostic utility of hereditary cancers has been hugely improved.

Information on the clinical significance associated with mutations is reviewed in registers (e.g.,
InSiGHT and ClinVar) [48]. With the development of research techniques, more variants of
uncertain significance (VUS) are now observed. Currently, these are also variants of which it is
unknown whether they are benign or pathogenic and explain the patient’s predisposition to
cancer. In some situations, the variant may be classified as likely pathogenic. Prediction pro-
grams can be used to evaluate a variant’s ability to cause disease (in silico analysis) [49, 50]. For
example, the ExAC database can be used to check the prevalence of the variant in the popula-
tion. As techniques evolve, it is increasingly possible to study the functional change in RNA
structure caused by VUS alteration, which would be relevant to the quality of the resulting
protein. In order to clarify the nature of the uncertain variants, the geneticist may arrange the
so-called segregation analysis in family [49]. Finding the same hereditary variant from several
relatives with cancer would strengthen the conclusion that the variant explains the cases in the
family. Information is being collected internationally as laboratories collect VUS they observe
into databases and doctors publish case reports. However, in already well-known genes such
as BRCA and Lynch syndrome genes, VUS alterations are relatively rarely detected.
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During counseling, the geneticist will inform what is known about the significance of the identi-
fied variant. If the significance of the variant remains open, the geneticist and laboratory experts
may reclassify the change after few years. The increased use of multigene NGS panels in patient
work expands the knowledge on the different pathogenic variants in the human DNA. The
number of VUS changes will therefore decrease in the next few years [50]. It is important that
counseling provides reliable information on the examination results and therefore VUSmodifica-
tions are not used as a basis for prophylactic surgery or to determine the risk of relatives’ cancer.

7. Treatment in hereditary kidney cancer

For several RCC syndromes, studies have found that conservative management appears to
preserve renal function without increased mortality. In certain syndromes, such as HLRCC,
early and aggressive treatment may be preferable [17, 20]. Each subtype of RCC may need to
be treated differently by systemic therapy, but no phase III clinical trial data exist from
distinct treatments [51, 52]. The prognosis was inferior for papillary metastatic RCC (mRCC)
compared to clear cell mRCC when patients were treated with the same evidence-based
treatment in a study by Staehler [52]. The understanding of the metabolic and epigenetic
abnormalities underlying the symptoms of hereditary kidney cancer-associated genes may
lead to the development of novel diagnostic biomarkers and novel treatment modalities for
kidney cancer [53].

8. Surveillance in hereditary kidney cancer families

Recommendations for follow-up care should correspond to the level of risk associated with the
genetic variant tested [43]. The aim of the monitoring is to improve the early detection of
cancer in families with hereditary renal cancer. Monitoring recommendations includes regular
kidney imaging: the healthy carrier of a gene mutation predisposing to kidney cancer will
usually undergo abdominal MRI scans on a regular basis (Table 7). The frequency of follow-up
depends on the biological nature of the family syndrome. Several monitoring planes have been
proposed for hereditary kidney cancer syndromes, for example, by Freifeld [54] and Carlo [10].
Also, PDQ Cancer Information Summaries [55] has a suggestion for surveillance in certain
syndromes predisposing to hereditary renal cancer.

Tracking intervals may be less frequent, for example, for HPRC, and more frequent for others,
such as HLRCC in the case of an early onset of 10 years [56] and several reported cases among
children. However, the estimated risk of developing RCC before age 20 is estimated to be only
around 1–2%, whereas the lifetime risk of RCC among FH mutation carriers is approximately
15% [25]. In 2014, consensus guidelines from an international HLRCC symposium
recommended annual renal MRI starting at age 8 to 10 years, as also recommended by the
HLRCC Family Alliance and the French National Cancer Institute [25]. The starting age is still
variable. In HPRC patients, if the tumor smaller than 3 cm is found, imaging should be
repeated within the first year to assess the growth rate [55]. Generally, patients with renal
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be treated differently by systemic therapy, but no phase III clinical trial data exist from
distinct treatments [51, 52]. The prognosis was inferior for papillary metastatic RCC (mRCC)
compared to clear cell mRCC when patients were treated with the same evidence-based
treatment in a study by Staehler [52]. The understanding of the metabolic and epigenetic
abnormalities underlying the symptoms of hereditary kidney cancer-associated genes may
lead to the development of novel diagnostic biomarkers and novel treatment modalities for
kidney cancer [53].
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Recommendations for follow-up care should correspond to the level of risk associated with the
genetic variant tested [43]. The aim of the monitoring is to improve the early detection of
cancer in families with hereditary renal cancer. Monitoring recommendations includes regular
kidney imaging: the healthy carrier of a gene mutation predisposing to kidney cancer will
usually undergo abdominal MRI scans on a regular basis (Table 7). The frequency of follow-up
depends on the biological nature of the family syndrome. Several monitoring planes have been
proposed for hereditary kidney cancer syndromes, for example, by Freifeld [54] and Carlo [10].
Also, PDQ Cancer Information Summaries [55] has a suggestion for surveillance in certain
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Tracking intervals may be less frequent, for example, for HPRC, and more frequent for others,
such as HLRCC in the case of an early onset of 10 years [56] and several reported cases among
children. However, the estimated risk of developing RCC before age 20 is estimated to be only
around 1–2%, whereas the lifetime risk of RCC among FH mutation carriers is approximately
15% [25]. In 2014, consensus guidelines from an international HLRCC symposium
recommended annual renal MRI starting at age 8 to 10 years, as also recommended by the
HLRCC Family Alliance and the French National Cancer Institute [25]. The starting age is still
variable. In HPRC patients, if the tumor smaller than 3 cm is found, imaging should be
repeated within the first year to assess the growth rate [55]. Generally, patients with renal
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tumors associated with HPRC are candidates for radiologic surveillance until one or more
tumors reach 3 cm. Ultrasound is not sufficient in surveillance of hereditary kidney cancer
syndromes [10, 25, 54, 55]. In the near future, more evidence on effective monitoring in
different kidney cancer syndromes will be gathered. If the gene mutation has not been identi-
fied but the family has a significantly increased risk of kidney cancer, a regular renal imaging
examination in the first-degree relative of the patient with renal cancer may be considered on a
case-by-case basis. Other surveillance procedures depend on the risks of the specific symptoms
in observed gene mutation. In multisystem syndromes, monitoring practices depend on the
probability of the kidney cancer, and ultrasound may be used in monitoring.

In Lynch syndrome, which is a high risk for upper tract ureotelic carcinoma, the risk of
colorectal cancer can be reduced by removing intestinal adenomas at regular checkups, which
results in the same mortality to colorectal cancer in the carriers of Lynch gene mutation as in
the general population.

9. Future perspectives

The contents of routine gene panels are based on the knowledge on kidney cancer susceptibil-
ity genes. If a patient’s DNA sequencing has failed to identify the hereditary mutation, RNA
sequencing may identify the specific diagnosis [57]. If there are three patients in the family, trio
exome analysis may be a pivotal method. Potentially, tumor tissue-only test would be a useful
method to find out novel kidney cancer susceptibility genes and mutations in kidney cancer

von Hippel-Lindau (VHL) Hereditary
papillary RCC
(HPRC)

Hereditary
leiomyomatosis and
RCC (HLRCC)

Birt-Hogg-Dubé
(BHD)

RCC subtype Clear cell carcinoma Papillary type 1 Papillary type 2,
collecting duct

Most often
chromophobe �
oncocytoma

Risk for RCC 40% Nearly 100% 20–30% 30%

Gene VHL MET FH FLCN(BHD)

Typical age of
onset for RCC

40 years 50–70 years Less than 40 years 50 years

Abdominal
magnetic
imaging

Annually starting at the age
of 10

Annually starting
at the age of 30

Annually starting at the
age of 5–20 years

Annually starting at
the age of 20 years

Other
surveillance

Biannual brain and spine
MRI starting at the age of 11
Ophthalmological and
audiological exam
Plasma-free metanephrines/
urinary metanephrines

None Dermatological and
gynecological exam

Dermatological exam
and CT of the chest

Table 7. Follow-up care recommendations in hereditary cancer syndromes inwhich the kidney cancer risk is high [10, 25, 54].
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patients, as the knowledge on hereditary kidney cancer genes is still limited. This investigation
is not available currently.

Tumor tissue-only gene tests by next generation sequencing with targeted genes may be soon
routinely used for cancer patients’ pharmacogenetic genotyping and analyzing their tumor
tissue’s somatic mutations to tailor their medical treatment [58]. The same method could be
also a first step analysis for identifying the hereditary cancer mutation in a gene that is known
in literature as a susceptibility gene. An additional test of patient’s peripheral lymphocyte
should then be used to confirm the susceptive mutation as hereditary mutation.

The growing knowledge on the biology of hereditary kidney cancer produces information
about driver genes in kidney cancer tumorigenesis and may develop diagnostics and thera-
peutic methods for kidney cancer in general [59]. Knowledge on evidence-based medicine in
metastatic hereditary kidney cancer [60] is under active study. Analysis of induced pluripotent
stem cells (iPSC) from HPRC pointed that drug screening and precision medicine are possible
for hereditary kidney cancer [61]. Preventive medicine may be achieved for healthy persons
with familial mutation predisposing to kidney cancer [61].

Prospective studies about the method of follow-up in healthy persons with family kidney
cancer susceptibility mutation are warranted. The optimal onset to start follow-up in FH-
related hereditary kidney cancer families should be clarified as currently there is no consensus.
It is known that the prognosis in early-stage kidney cancer disease is better than in later stages
[62]. Studies about long-term effect of surveillance in healthy carriers in hereditary kidney
cancer families are needed. Additionally, further research is needed to understand the actual
impact of genetic testing on young family members [63].

10. Conclusion

Knowledge on the clinical significance of mutations helps to improve prognosis in families
with hereditary cancer. Understanding of hereditary kidney cancer syndromes on their molec-
ular basis improves the utility of specific diagnosis [64]. In the future, increased knowledge of
cancer genetics is likely to enable the development of targeted drug therapies. Today, heredi-
tary mutations are detected by DNA testing of white blood cell lymphocytes. Tumor tissue-
only tests to identify the hereditary kidney cancer are not yet available.
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syndromes [10, 25, 54, 55]. In the near future, more evidence on effective monitoring in
different kidney cancer syndromes will be gathered. If the gene mutation has not been identi-
fied but the family has a significantly increased risk of kidney cancer, a regular renal imaging
examination in the first-degree relative of the patient with renal cancer may be considered on a
case-by-case basis. Other surveillance procedures depend on the risks of the specific symptoms
in observed gene mutation. In multisystem syndromes, monitoring practices depend on the
probability of the kidney cancer, and ultrasound may be used in monitoring.

In Lynch syndrome, which is a high risk for upper tract ureotelic carcinoma, the risk of
colorectal cancer can be reduced by removing intestinal adenomas at regular checkups, which
results in the same mortality to colorectal cancer in the carriers of Lynch gene mutation as in
the general population.
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patients, as the knowledge on hereditary kidney cancer genes is still limited. This investigation
is not available currently.

Tumor tissue-only gene tests by next generation sequencing with targeted genes may be soon
routinely used for cancer patients’ pharmacogenetic genotyping and analyzing their tumor
tissue’s somatic mutations to tailor their medical treatment [58]. The same method could be
also a first step analysis for identifying the hereditary cancer mutation in a gene that is known
in literature as a susceptibility gene. An additional test of patient’s peripheral lymphocyte
should then be used to confirm the susceptive mutation as hereditary mutation.

The growing knowledge on the biology of hereditary kidney cancer produces information
about driver genes in kidney cancer tumorigenesis and may develop diagnostics and thera-
peutic methods for kidney cancer in general [59]. Knowledge on evidence-based medicine in
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stem cells (iPSC) from HPRC pointed that drug screening and precision medicine are possible
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Abstract

Almost all kidney cancers are associated to immune dysfunction. Among these, renal cell 
carcinoma (RCC) represents approximately 2% of malignancies that affect adults and for 
90–95% of all kidney cancers. Recent evidences have collaborated to elucidate the mecha-
nisms involved in the development of this disease. In this view, dysfunctional neutrophil 
migration, as well as T lymphocyte-DC (dendritic cell) cross talk, DC maturation, immune 
cell metabolism, and reactivity and abnormal expression of cytokines and chemokines and 
their receptors have been highlighted in RCC and stroma cells. A rational development 
of novel therapies to recover antitumor activity of immune system is closely related to 
the understanding of the complex interactions between immune system and tumor. Some 
insights have been reached and immunomodulatory molecules, such as interleukin-2  
(IL-2) and IFN-α, immune checkpoint inhibitors, and chemokines antagonists have shown 
clinical efficacy. In this chapter, we overview the essential role of innate and adaptive 
immune response in RCC and discuss drugs approved or in development for its treatment.

Keywords: renal cell carcinoma, cytokines, chemokines, natural immunity, adaptive 
immunity

1. Introduction

Basically, the kidney is assigned to the urine production function. Indeed, kidney function 
overcomes this definition, since it is critical for the regulation of the body’s electrolytes, 
body’s fluid balance, body’s acid-base balance, and depuration of body waste. Thereby, dis-
eases such as kidney cancer compromise the kidney’s ability to perform its functions and 
bring consequences to the whole organism.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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According to the cell type where the tumor starts, kidney cancers are classified as renal cell 
carcinoma (RCC) subdivided in papillary RCC, chromophobe RCC, rare types of RCC, and 
unclassified RCC. Also, there are transitional cell carcinoma, Wilms’ tumor, which almost 
always occur in children and renal sarcoma [1–4].

Regardless of the category, kidney tumors have been associated with immune dysfunction [1–3, 5].  
RCCs are rich in immune infiltrates consisting of T cells, natural killer (NK), DCs, macrophages 
among others [6, 7]. Different functions are ascribed to the different subsets of leukocytes.  
While the function of some of these cells is still elusive, like neutrophils which are essential com-
ponents of the RCC microenvironment, others have well-defined roles in tumor progression. 
For example, tumor-associated macrophages (TAMs) are known for their immunosuppressive  
action, which is associated to the secretion of inhibitory cytokines, the generation of reactive 
oxygen species, regulatory T cells (Treg) development, and the induction of angiogenesis  
[6, 8, 9]. Likewise, myeloid-derived suppressor cells (MDSCs) have been reported preventing 
the formation and execution of an effective antitumor immune response by the inhibition of 
effector T-cell function and the induction of Tregs maturation [6, 7], besides the inhibition of DC 
maturation and DC-induced T-cell activation and antitumor cytotoxic T lymphocyte (CTL) [10].

The role of the immune system in RCC is not only observed at the cellular level but also 
through inflammatory mediators, that is, through the action of cytokines and chemokines 
which act in tumor and stroma cells [11–13]. These mediators in RCC and stroma cells lead to 
survival, proliferation, and migration and favor angiogenesis and metastasis [11–13]. Thereby, 
the modulation of immune system effectors has shown therapeutic potential. In fact, strate-
gies involving immune checkpoint inhibitors, immunotherapy, and antagonists of chemokine 
receptors have proven clinical efficacy [14, 15].

Herein, we summarize relevant information about the role of natural and adaptive immunity 
in the development of RCC. Additionally, we describe cytokine and chemokine intracellular 
signaling pathways and mention how all knowledge has been useful for identification and 
advancement of therapeutic approaches for RCC.

2. Natural and adaptive immunity in RCC

The tumor microenvironment is a complex structure composed by several mediators that 
are involved in the cell signaling. The activation profile of extracellular matrix, fibroblasts, 
immune cells, blood vessels, and endothelial cells is essential to the pathogenesis of cancer, as 
well as to define therapeutic approaches [16–18]. Resident nontumor cells or infiltrated cells at 
tumor sites may even suppress the development of RCC. However, tumor cells can avoid the 
immune response coordinating changes in these cells and stimulating the secretion of immu-
nosuppressive factors for tumorigenesis, pro-inflammatory cytokines including angiogenic 
factors, thus ensuring the supply of nutrients by newly formed, blood vessels, which further 
allow for tumor growth [19, 20].

In addition, the profile of soluble factors, such as cytokines and chemokines, present in the 
tumor microenvironment may undergo dual polarization allowing either tumor growth 

Evolving Trends in Kidney Cancer20

(leading to progressive disease) or its suppression (leading to regressive disease). Immune 
cells could interact with tumor cells, especially through immunosuppression, via cell-cell con-
tact, or by the release of factors that maintain a supportive environment for tumor growth. 
Through some soluble mediators, such as tumor necrosis factor-alpha (TNFα), immune cells 
can stimulate other cells, such as fibroblasts, to produce proteolytic enzymes for extracellular 
matrix remodeling and collagen, facilitating the spread of metastases. It may also stimulate 
the involvement of endothelial cells, which become able to form new vessels [18, 21, 22]. On 
the other hand, TNFα, which is mainly produced by macrophages, has also an important role 
in the recruitment of other immune cells to the tumor site where they will be able to assemble 
a response against the tumor. Thus, the constant interference of mediators may favor/inhibit 
an adequate environment for tumor maintenance and growth [18, 21].

Indeed, tissue repair promoted by inflammation is self-limited, and the imbalance on this pro-
cess may be pathogenic, giving inflammatory cells either a beneficial and/or a detrimental role 
in the pathogenesis of various diseases, including chronic inflammation and neoplasia [23]. 
The TAMs have at least two well-described states of polarization, according to immunological 
competences. While M1 (classically activated) macrophages can inhibit tumor growth, M2 
(alternatively activated) macrophages stimulate tumor growth [24–26]. The M1 polarization is 
functionally characterized by the release of pro-inflammatory cytokines (interleukin [IL]-1β, 
IL-6, and TNFα) and reactive nitrogen/oxygen species (RNI/ROS) acting as microbicidal and 
tumoricidal [24]. In the tumor context, some authors suggest that macrophages in the initial 
phase of tumorigenesis can naturally inhibit tumor growth, eradicate tumor cells, and stimu-
late the immune response. In contrast, M2 macrophages may favor neoplasia by producing 
anti-inflammatory cytokines that suppress the cellular response, release vascular endothelial 
growth factors (VEGFs), responsible for angiogenesis, and release transforming growth fac-
tors (TGF-beta) [27].

The different subtypes of T lymphocytes are also recruited into the tumor microenvironment 
and interact with tumor cells, which may induce tumor cell death, becoming anergic or even 
suppressing the immune response against the tumor [28, 29]. T CD8+ lymphocytes, also known 
as cytotoxic T cells, play an important role in the adaptive immunity in response to tumor-
specific epitopes. Together with NK and Natural killer T (NKT) cells, T CD8+ cells induce tumor 
cell death by apoptosis through the secretion of cytotoxic factor, such as granzymes and perfo-
rins. Besides, when the TCD8 lymphocyte is activated, it secretes IFN-gamma and IL2, activat-
ing other TCD8 cells and M1 macrophages, skewing the inflammatory response toward a Th1 
profile. However, RCC and some types of tumor-infiltrating immune cells, such as MDSCs, 
present in the tumor microenvironment can suppress antitumor response T cell mediated by 
the expression of programmed death ligand-1 (PD-L1, also known as B7-H1 or CD274) [30, 31].

CD4 T lymphocyte is endowed with great plasticity, being able to differentiate into Th1, Th2, 
Th3, Th17, and Treg subtypes. Treg cells play a critical role in the control of the acute phase of the inflam-
matory response through immunosuppression. High levels of Treg in the tumor microenviron-
ment are considered as poor prognosis for tumors, for example, in renal and pancreatic tumor, 
due to the recruitment of other immunosuppressive cells and the stimulation of the angiogenic 
process [29, 32]. MDSCs are involved in chronic inflammation processes, which are recruited 
by tumor or Treg, increasing immunosuppression in the tumor microenvironment [33].  
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(leading to progressive disease) or its suppression (leading to regressive disease). Immune 
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rins. Besides, when the TCD8 lymphocyte is activated, it secretes IFN-gamma and IL2, activat-
ing other TCD8 cells and M1 macrophages, skewing the inflammatory response toward a Th1 
profile. However, RCC and some types of tumor-infiltrating immune cells, such as MDSCs, 
present in the tumor microenvironment can suppress antitumor response T cell mediated by 
the expression of programmed death ligand-1 (PD-L1, also known as B7-H1 or CD274) [30, 31].

CD4 T lymphocyte is endowed with great plasticity, being able to differentiate into Th1, Th2, 
Th3, Th17, and Treg subtypes. Treg cells play a critical role in the control of the acute phase of the inflam-
matory response through immunosuppression. High levels of Treg in the tumor microenviron-
ment are considered as poor prognosis for tumors, for example, in renal and pancreatic tumor, 
due to the recruitment of other immunosuppressive cells and the stimulation of the angiogenic 
process [29, 32]. MDSCs are involved in chronic inflammation processes, which are recruited 
by tumor or Treg, increasing immunosuppression in the tumor microenvironment [33].  
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A common feature of almost all solid tumors is hypoxia that could lead to the stability of 
the HIF-1α transcription factor (hypoxia-inducible factor-1α). HIF-1α can bind to a hypoxia-
responsive element in the PD-L1 promoter leading to PD-L1 expression, not only on tumor cells 
but also on MDSCs, macrophages, and DCs within the tumor microenvironment [34].

PD-L1 binds with PD-1 present on the cell surface of activated T cells leading to prolifera-
tion blockade, dysfunctional response, and T-cell death. CTLA-4 (CTL -associated antigen 
4), a receptor also present in T cells, is the best studied inhibitory molecule, well known for 
its capacity of blocking T cell-mediated immune responses [35, 36]. CTLA-4 competes with 
CD28 for CD80 or CD86 binding. When the CTLA-4/CD80 or CD86 interaction occurs, the cell 
becomes anergic and dies. The overexpression of CTLA-4 is involved in several neoplastic, 
inflammatory, and autoimmune diseases [37]. The inhibition of T response allows for RCC to 
avoid effectors of immunologic control and facilitates invasion and metastasis. Accordingly, 
PD-L1 overexpression is related to worse prognosis for metastatic RCC, and it is therefore an 
important target for drug discovery [38, 39]. New drugs based on monoclonal antibodies, such 
as anti-PD-1 and anti-CTLA-4, have been strongly explored in clinical trial and proven to be 
efficacious to combinatorial treatments [39]. Indeed, immunotherapy is a promising therapeu-
tic strategy for different types of cancers, but it is often not sufficient to control tumor growth 
[40]. Several therapeutic strategies based on innate, adaptive, humoral, or cytokine immune 
system responses have been studied in order to combat tumor cells in the host [41–45].

Studies using allogeneic DCs in metastatic Renal Cell Carcinoma (mRCC) and melanoma 
patients are widespread due to the ability of these cells to mediate the cell signaling between 
the innate and adaptive immune response. As professional antigen-presenting cells (APCs), 
these cells phagocytose tumor cell particles, process them, and further present their epitopes 
to further activate effector lymphocytes [46]. APCs play a crucial role in coordinating the 
immune response, where the imbalance between populations of macrophages, immature, and 
mature DCs significantly affects the immune response against solid tumors [47]. Both DCs and 
macrophages can be activated by some microbial stimulus or cytokines in an inflammatory 
environment. DCs and macrophages could differentiate from monocytes, according to the 
tissue environment, where cytokines such as IL4 and macrophage colony-stimulating factor 
granulocytes (GM-CSF) may induce differentiation, followed by TNFα-induced maturation 
[47]. In the tumor context, the inflammatory profile present at different stages of disease devel-
opment may contribute to or eradicate the pathogenesis [47]. The International Society for the 
Biological Therapy of Cancer (iSBTc), together with the Society for Cancer Immunotherapy 
(SITC), has been discussing the theme with the purpose of advancing the critical understand-
ing of the involvement of inflammation during pathogenesis and cancer treatment [48, 49]. In 
fact, the dynamics of tumor progression along with immunoedition has been studied for years, 
through the realization of which cells, molecules, and pathways of the immune system are 
engaged at different steps of the evolution of cancers. Nonetheless, an integrative picture of the 
whole process is still missing [50, 51]. Vesely et al. described several interactions between innate 
and adaptive immunity in cancer, suggesting a dynamic immuno-delivery model, where cells 
such as M2 macrophages, MDSC, Th17, Treg, and TCD8+ overexpressing CTLA-4 receptor are 
present in chronic inflammation and favor the processes related to tumor progression [52]. In 
contrast, NK, NKT, TCD8+, TCD4+, M1 macrophages, DCs, Tγδ cells and IL12 and IFN-gamma 
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cytokines are important for equilibrium and elimination phases of tumor control [52]. Several 
cytokines are involved in the differentiation process of immune cells. Interferon-gamma  
(INF-gamma) belongs to interferon family and is a natural glycoprotein that shows antiviral, 
antiproliferative, and immunomodulatory properties. INF-gamma plays a key role in the tumor 
microenvironment, where it aids in tumor eradication. This cytokine is able to recruit and 
induce the proliferation of T lymphocytes in the tumor microenvironment, to activate innate 
immunity cells, rendering them cytotoxic, besides polarizing the Th1 response from T CD4  

Figure 1. Dual role of natural and adaptive immunity in RCC. Innate immune cells (dendritic cells, macrophages, NK 
cells, neutrophils, and MDSCs) and adaptive immunity (B and T cells) in the tumor microenvironment may undergo 
dual polarization allowing either tumor growth (leading to progressive disease) or its suppression (leading to regressive 
disease). Dendritic cells are primed by tumor antigens, which are then presented to T and B cells for adaptive responses. 
On the other hand, dendritic cells can directly drive tumor angiogenesis through the release of pro-angiogenic cytokines 
such as TNFα and CXCL8. Similarly, neutrophils in the tumor microenvironment are able to release pro-angiogenic 
factors and chemokines that could contribute for cancer progression and metastasis. T CD8+ lymphocytes, also known 
as cytotoxic T cells, play an important role against tumor cells under response to tumor-specific epitopes. However, the 
PD-L1/PD-1 interaction on CD8+ T-cell surface induces cellular energy suppressing the effector response, leading CD8 
T cell to death. Failure of CD8+ T cells to kill tumor cells involves signals from multiple cells including MDSC, Treg, 
and TAMs. NK cells are characterized by a high cytolytic capacity against transformed cancer cells by the secretion of 
granzyme and perforin. Tumor cells and fibroblasts also produce survival/growth-promoting chemokines. Metastatic 
cancer cells are facilitated by the upregulation of particular chemokine receptors (such as CXCR4) by tumor cells, which 
enables them to migrate to secondary tissues where the ligands are expressed.
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lymphocytes [53, 54]. IL1-beta is one of the major cytokines involved in the pro-inflammatory 
response, which is synthesized by several immune cells, such as monocytes, macrophages, 
DCs, B lymphocytes, NK cells, among others. It has similar activities as described for TNFα, 
favoring tumor invasion and the angiogenic process, as well as favoring vascular perme-
ability and facilitating the recruitment of immune system cells to the tumor microenviron-
ment [55]. However, TNFα is the main mediator of the acute inflammatory response, being 
secreted primarily by macrophages and T cells. TNFα causes vascular endothelial cells to 
increase the expression of leukocyte integrins inducing chemotaxis. In addition, TNFα also 
acts on phagocytic cells, which characterizes an autocrine effect, since macrophages, apart 
from secreting TNFα, may respond to the stimulus itself, releasing IL1-beta [56, 57]. IL12 is 
secreted primarily by macrophages, DCs, monocytes, and neutrophils. It has action in the 
activation of cytotoxic NK cells and TCD8 lymphocytes, but its main function in the antitumor 
activity is involved in the activation and proliferation of T lymphocytes and NK cells, which 
induces the production of IFN-gamma. Moreover, IL12 and INF-gamma together are able to 
differentiate T-helper cells into Th1 cells [58, 59]. IL6 is synthesized by mononuclear phago-
cytes, such as macrophages and also by some activated T cells and by other cell types that are 
not part of the immune system in response to microorganisms or IL1-beta and TNFα stimuli 
[60]. IL10 is a cytokine known to be anti-inflammatory, synthesized in the form of monomers 
of 18–20 kDa, being functional in the form of homodimers. This cytokine can be produced by 
Th2 lymphocytes, monocytes, and epithelial cells. Its main action is to suppress the synthesis 
of several inflammatory cytokines such as IL1-beta, TNFα, IL-6, IL-8, and IL-12, as well as 
hematopoietic growth factors (GM-CSF, G-CFS) and macrophage colony-stimulating factor 
(M-CFS). In addition, IL-10 can inhibit the synthesis of nitric oxide, gelatinase, and collage-
nase, avoiding tissue injury [61]. Although its role in the tumor context remains unclear, IL-17 
is a pro-inflammatory cytokine secreted by Th17 lymphocytes, which regulates NFkB and 
MAPK activities. It is constantly involved in the acute phase of inflammatory diseases, such as 
autoimmune diseases, and it is associated with poor prognosis in patients with RCC [62, 63].

Taken all these studies together, the dual role of natural and adaptive immunity in RCC is 
evident (Figure 1).

3. Cytokines and chemokine intracellular signaling pathways

Physiologically, inflammation is a mechanism of tissue reaction for elimination, neutral-
ization, and destruction of the cause of aggression, as injurious stimuli such as microbial 
pathogens, irritants, or toxic cellular components [64]. Cells of the immune system including 
monocytes, macrophages, neutrophils, basophils, DCs, mast cells, T cells, and B cells play a 
role in this process [64]. These events are in turn controlled by a host of extracellular molecu-
lar regulators, including members of the cytokine and chemokine families that mediate both 
immune cell recruitment and complex intracellular signaling control mechanisms; as a result, 
cells assemble and disassemble a complex array of signaling pathways as they move from 
inactive to dedicated roles within the inflammatory response site. Disruption of these path-
ways triggers inflammatory disorders that could contribute for the development of some 
diseases as kidney cancer and other types of cancers [65].
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Key pro-inflammatory cytokines in kidney cancer include interleukin-1 beta (IL-1β), IL-6, and 
TNFα, all of which signal via the type I cytokine receptors that are structurally divergent from 
other cytokine receptor types [66, 67]. IL-1 signaling starts through its binding to its receptor 
composed of two subunits, interleukin 1 receptor type I (IL-1RI) and interleukin 1 recep-
tor accessory protein (IL1RAP) [68, 69]. Signaling proceeds with TIR adaptor and MyD88 by 
recruitment of IL-1R-associated kinases (IRAKs), which promote TNFR-associated factor 6 
(TRAF6) polyubiquitination via lysine 63 linkages. Subsequently, TRAF6 interacts with the 
TAK1/TAB1/TAB2 complex that allows NFκB nuclear translocation (p65/p50) resulting in pro-
inflammatory gene expression [69]. Also, TAK1/TAB1/TAB2 complex triggers the activation 
of the mitogen-activated protein kinases (MAPKs), c-JunN-terminal kinase (JNK), and p38, 
which induce the expression of pro-inflammatory genes. Similarly, TNFα binding to TNFR1 
results in NFκB nuclear translocation, MAPKs, JNK, and p38, but signaling is coordinated 
by complex I (TRADD/TRAF2/RIP) [67, 70]. Importantly, TNFα signaling following receptor 
internalization is thought to be pro-apoptotic, via the formation of complex II (TRADD/FADD/
Pro-Caspase-8) [67]. On the other hand, IL-6 binds to the FIII domains of the IL-6R chains, 
unleashing its signal via the gp130 proteins [71, 72]. Consequently, Janus kinases (JAKs) are 
recruited to the receptor, phosphorylating it and themselves, triggering STAT3 activation and 
transcription of pro-inflammatory genes and intracellular adhesion molecules [64].

Currently, it is not fully understood how the signaling triggered by these cytokines contributes 
to tumor progression, but high serum levels of these pro-inflammatory cytokines are associated 
with advanced disease [73]. Some evidence has arisen, as follows. It is well known that angio-
genesis is stimulated by inflammatory mediators in the tumor microenvironment, such as those 
expressed by TAMs [74]. Interestingly, TAMs isolated from RCC tumors express high levels of 
IL-1β, TNFa, and IL-6 [75]. In addition, mouse models have demonstrated that the inhibition of 
IL-1β signaling reduced tumor blood vessel formation [76] and IL-1β mediates metalloprotein-
ase-dependent RCC tumor cell invasion through the activation of cytosine-cytosine-adenosine-
adenosine-thymidine (CCAAT) enhancer binding protein b [67]. Regarding TNFα signaling, 
many studies associated it to chemokine overexpression in tumor and nontumor cells [77, 78]. 
Moreover, TNFα plays an important role in the progression of RCC by inducing epithelial to 
mesenchymal transition and CD44 expression, which may be involved in the resistance to the 
sunitinib treatment [66]. There is no direct correlation between IL-6R and RCC development; 
however, RCC cells express high levels of IL-6, and its signaling activity seems necessary for 
carcinogenesis, tumor progression, and tumor evasion of the immune system. STAT3 activa-
tion by IL-6 promotes tumorigenesis by preventing apoptosis while enhancing proliferation, 
angiogenesis, invasiveness, and immune evasion [79]. For example, activated STAT3 induces 
HIF-1α-mediated VEGF expression in human RCC cell [79].

Besides these pro-inflammatory cytokines, other mediators act as crucial players in 
RCC. Chemotactic cytokines or chemokines are responsible for the recruitment of cells from 
both the innate and adaptive immune systems to the site of injury or infection [64]. Chemokines 
induce integrin expression, such as the β2-integrin lymphocyte function-associated antigen 
(LFA-1), in target leukocytes, thus acting in the arrest of these cells and favoring diapede-
sis through the endothelium [71]. Despite this, primary chemotaxis action, chemokines, and 
their receptors are physiological relevant in many biological process, such as the initiation 
of adaptive immune responses, immune surveillance and the migration, proliferation, and 
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survival signals in multiple cell types [64]. Chemokine signals are transduced through bind-
ing to members of the seven-transmembrane, G-protein-coupled receptor (GPCR) superfam-
ily [80]. GPCRs exist as a heterotrimer containing three subunits: α, β, and γ. In its inactive 
form, the G protein is complexed in α, β, and γ, with guanosine diphosphate (GDP) fixed to 
the α subunit. Once stimulated by a receptor activated by its ligand, the α subunit exchanges 
its GDP for Guanosine-5’-triphosphate (GTP) [81]. This causes the dissociation of α which 
separate β and γ subunits by interacting with an effector protein or ion channel in order to 
stimulate or inhibit secondary intracellular messengers [81]. CXCR4 is well known for its 
role in the homing of progenitor cells into the bone marrow and, recently, associated with 
poor RCC prognosis, and it is mainly coupled to the Gαi subunit, which, after dissociation of 
the Gαβγ complex upon CXCR4 stimulation (Figure 2), is traditionally been regarded as the 
major signaling subunit, inhibits adenylyl cyclase activity, and triggers MAPK and phospha-
tidylinositol-3-kinase (PI3K) pathway activation [82]. The Gβγ subunits, in turn, lead to the 
activation of phospholipase C (PLC), causing the hydrolysis of the phospholipid membrane 
phosphatidylinositol 4,5-bisphosphate (PIP2) in inositol 1,4,5-trisphosphate (IP3) and 1,2-dia-
cylglycerol (DAG) [13, 82]. IP3 can bind to channels of the endoplasmic reticulum, inducing 
the mobilization of Ca2+ ions [83, 84]. This could also be considered a downstream effect of 
Gαi activity, since the inhibition of Gαi activity by its potent inhibitor pertussis toxin has been 
reported to lead to a decreased Ca2+ mobilization from intracellular stores [85]. CXCR4 can 
also act by interaction with other Gα subunits, that is, Gαq or Gα12, each of which has been 
associated with different intracellular signaling cascades [86]. Indeed, chemokine receptors 
also activate signaling pathways independent of G proteins, including p38MAPK and JAK/
Stat to regulate cellular processes such as migration and gene transcription [87, 88].

Regarding the signals triggered by pro-inflammatory mediators in RCC, CXCL12 chemokine 
and its receptors CXCR4 and CXCR7 have gained prominence, since this pathway, which is 
associated with chronic inflammation, is upregulated in RCC [65, 89, 90]. In RCC cells and 
in other tumor cells, these chemokines activate the PI3K/Akt pathway; consequently, many  
downstream elements of the Akt pathway are regulated, leading to tumor cell survival  
[13, 91, 92]. Frequently, NFκB nuclear translocation is observed following transcription of 
various apoptosis inhibitors and cell-cycle-promoting genes [93], but can be activated through 
other pathways, such as PKC [94]. Other downstream targets of Akt include procaspase-9 and 
the pro-apoptotic Bcl-2 family member, BAD (Bcl-2/Bcl-XL-antagonist, causing cell death), 
both of which are inhibited upon phosphorylation. Other consequence of Akt activation is 
the inhibition of members of the FKHR (forkhead in rhabdomyosarcoma) family of transcrip-
tion factors, which induce the transcription of numerous apoptotic genes [95, 96]. Besides, 
Akt signaling could induce p53 degradation and inhibition of GSK-3β (glycogen synthase 
kinase-3β), leading to stabilization of β-catenin, resulting in the downstream inhibition of 
negative regulators of cell cycle and the activation of cell-cycle-promoting genes [97]. mTOR 
(mammalian target of rapamycin) activation is also induced by Akt, which leads to p70S6K 
(p70 S6 kinase) activation and thus enhances protein translation of numerous cell-growth 
regulators [13]. Furthermore, intracellular events triggered by the activation of chemokines 
receptors lead to ERK1/2 signaling, following the inhibition of procaspase-9 and BAD  
[98, 99], the induction of transcription factors involved in cell-cycle regulation, and differen-
tiation, thereby promoting cell proliferation [100]. Other MAPKs, including JNK, have also 
been implicated in chemokine-induced proliferation signaling [101]. Also, HIF-1α may be 
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induced by chemokines signaling that contributes to VEGF expression, which is known to be 
the inducer of CXCR4 expression [101]. It is important to mention that not all of these path-
ways have been studied in detail in RCC cells, but there is strong evidence of their involve-
ment in the development of this disease. For example, Rac1 was not previously reported to 
be involved in RCC development, but some studies have shown its role in controlling tumor 
cell growth and chronic kidney disease [102]. In summary, CXCL12, CXCR4, and CXCR7 
release result in the activation of transcription factors involved in antiapoptotic mechanisms, 
cell-cycle regulation, and growth factor production, favoring tumor growth and metastasis.

Also, there are some particularities regarding CXCR7 role in RCC, which are independent of 
GPCRs. CXCR7 plays a role as a decoy for CXCL12, promoting some CXCL12α accumulation 
and triggering a differential signaling by CXCR4 [103, 104]. Besides, CXCR7 interacts and 
signals by β-arrestin in a ligand-dependent manner [83, 104].

Figure 2. Signaling induced by CXCR4 via G protein. CXCL12 binding causes the dissociation of α which separate β 
and γ subunits; as a result, βγ PLC is activated leading to calcium mobilization. PI3K/Akt activation by Gα triggers 
a transduction signal that contributes with cell survival, proliferation, and migration, which is associated with RCC 
disease. In contrast, the antagonist of CXCR4 blocks CXCR4 intracellular pathway.
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Obviously, here we emphasize intracellular events in tumor cells. However, while some pro-
cesses take place within the tumor cells, others would occur in the stroma: it is the synergism 
between these responses that contributes to the progression of the disease. RCC and other 
tumors interact with the surrounding tumor stroma through a variety of cytokines, chemo-
kines, and growth factors [84]. The tumor chemotactic environment recruits inflammatory 
cells including neutrophils, macrophages, and lymphocytes. Although initially these cells may 
have a protective antitumoral role, as displayed by neutrophils, which have a higher cytotoxic 
activity against poorly metastatic cells, secondarily neutrophils could contribute to cancer pro-
gression. Leukocytes can produce cytokines, growth factors, and MMPs that enhance growth, 
proliferation, and angiogenesis, as exemplified by the TAMs, which release growth and angio-
genic factors (e.g., VEGF) and basic fibroblast growth factor [105]. Thus, cellular communica-
tion by paracrine and autocrine chemokine/cytokine signaling contributes for the survival and 
growth of metastatic cells. In other words, stroma cells may support tumors at the same time 
as that tumor cells in turn modulate the microenvironment within which they reside.

4. Immunomodulatory molecules as new therapeutic targets for RCC

Among the standard drugs for metastatic RCC treatment, the most effective regimens  
include the combination of targeted therapy agents and antiangiogenic agents (tyrosine 
kinase inhibitors, such as sorafenib, sunitinib, pazopanib, and axitinib), or an antiangiogenic 
antibody routinely employed in combination with interferon alpha (bevacizumab) [106, 107],  
and antiproliferative agents (mTOR inhibitors, such as temsirolimus and everolimus) [106, 107]. 
Despite the effectiveness of these therapies, resistance to antiangiogenic therapy almost always 
occurs and are associated with high toxicity and, consequently, serious adverse events.

Considering all knowledge previously mentioned in this chapter, it is not surprising that 
agents altering the immune response in order to prevent tumor growth and metastases have 
gained space in this scenario [12, 14, 108]. Known as immunomodulators, these molecules have 
been studied for some time now [109]. Among the first representatives of this class are IL-2 and 
interferon-alpha (IFN-α). IL-2 is a naturally occurring cytokine, which have antitumor activity 
by the induction of proliferation of NK cells, lymphokine-activated killer cells (LAKs), and 
other cytotoxic cells [110, 111]. IFN-α is also a molecule that had its clinical effect for the treat-
ment of RCC demonstrated years ago [109, 112]. It is a pleiotropic cytokine with immunomod-
ulatory activities that is able to induce the differentiation of monocytes into highly activated 
DCs, which are particularly effective in recognizing complex antigens and inducing T- and 
B-cell immunity and thus participate in the generation of antitumor T-cell immunity [112]. 
However, cytokine immunotherapies work effectively only in a minority of RCC patients and 
currently are not considered for the standard treatment of RCC due to their high toxicity.

In this context, cytokines have been exploited. Combination therapy using an antihuman 
IL-6R antibody with interferon has been suggested as a novel therapeutic approach for the 
treatment of RCC. Besides, an IL-6R-neutralizing antibody, tocilizumab, in combination with 
sorafenib suppressed tumor growth and inhibits angiogenesis in vivo more efficiently than 
sorafenib alone [113, 114]. Similarly, infliximab, an anti-TNFα monoclonal antibody that pre-
vents TNFα binding to its receptors, TNFR1 (p55 receptor) and TNFR2 (p75 receptor) and 
causes cell death via complement-mediated lysis through interaction with membrane-bound 
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TNF, has been considered for RCC treatment [115]. However, treatments with anti-TNFα 
monoclonal antibody showed varying results in independent studies, probably due to reac-
tions given by this cytokine to different conditions, environmental and genetic factors and/
or other unknown or unexplained factors [116]. Besides anti-TNFα strategies, targeting IL-1β 
has also been reported as possible therapy for RCC [117].

Promising candidates for RCC treatment have also been designed to specifically target chemo-
kines and their receptors. One of the most widely studied compounds is AMD3100 which is 
thought to specifically block CXCR4 signaling [118] and that acts directly in RCC tumor [91] cells 
as well as local antitumor immune response, by impairing Tregs function [119], know to sup-
press a whole range of immune cells including B cells, NK cells, NKT cells, CD4+ or CD8+ T cells, 
monocytes, and DCs [119]. Also, many other chemokine antagonists have also shown potential 
for clinical application in cancer treatment and could be useful for RCC treatment in the future. 
For example, anti-CXCR7-12G8 and CCX77, CXCR7 inhibitors or CTCE-9908, which is a peptide 
analog of CXCL12 and an active inhibitor of the ligand, has shown promising results as well as 
tolerated drug that stabilized disease in early clinical trials for late-stage cancer patients [12, 120].

Recently, antibodies that inhibit T-cell coinhibitory receptors have emerged as therapeu-
tic promises not only in the treatment of RCC but also in other tumors by inhibiting T-cell 
regulatory activity and increasing the antitumor immune response [14, 121]. Nivolumab and 
pembrolizumab (anti-PD-1) [14, 122], avelumab, and durvalumab (anti-PD-L1) are in late-
stage clinical development for a number of indications [14, 123], besides the first in its class, 
ipilimumab (anti-CTLA-4), already approved for use in a number of indications [14, 124].

Finally, the close relationship between cancer and immune system has suggested that current 
drug therapies used to treat inflammatory diseases or particular types of cancers could function 
as inhibitors of chemokine signaling and could therefore be redirected toward the treatment 
of other cancers [12, 116]. This hypothesis needs to be tested by further preclinical and clinical 
investigation, which elucidates how these drugs would act at molecular and systemic levels.

5. Role of immune system in kidney cancer and the future

The role of immune system in kidney cancer is becoming more clear, whereas new findings 
that arise from clinical trials and identification of additional predictive biomarkers increase 
our understanding of the tumor microenvironment. Looking to the future based on the 
knowledge we have today, the perspective is a better understanding of immune system in 
tumor stroma as well as in various steps in cancer growth and metastasis.

Regarding RCC therapy, a promising option is the combination therapy based on targeted 
agents (inhibition of mTOR or VEGF pathways associated with immunotherapies) or immu-
notherapy + immunotherapy, which would overcome tumor resistance, as well as to restore 
functional immune system cancer surveillance and response. Currently, there are many 
clinical trials investigating combination therapy: nivolumab (anti-PD-1) + ipilimumab (anti-
CTLA-4) [125], pembrolizumab (anti-PD-1) + ipilimumab (anti-CTLA-4) [126], pidilizumab 
(anti-PD-1) + vaccine (DC/RCC fusion cell vaccine) [127], atezolizumab (anti-PD-L1) + bevaci-
zumab (anti-VEGF) [127], nivolumab (anti-PD-1) + bevacizumab (anti-VEGF) [128], pembroli-
zumab (anti-PD-1) + pazopanib (TKI) [129], nivolumab (anti-PD-1) + sunitinib [130].
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Also, cell-based therapies have become interesting, which includes adoptive T-cell therapies 
such as tumor-infiltrating lymphocytes (TILs), T-cell receptor (TCR), and chimeric antigen 
T-cell (CAR-T) therapy [127].

Other promising alternative of therapy for RCC is vaccine-based immunotherapy. AGS-003 is 
an autologous DC vaccine that is generated from host DCs in response to tumor mRNA [131], 
which is also to investigate in combination with sunitinib [132].

All these therapeutic investigations highlighted the importance of immune system in the 
future study about RCC. Information about immune system may be decisive for clinical 
decisions.

6. Conclusion

Immune system plays a role in kidney cancer, and this should be considered for both the 
understanding of the disease and the development of novel therapies.
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Abstract

Despite the rapid development of therapeutic modalities for advanced or metastatic 
renal cell carcinoma (mRCC) over the past decade to include traditional immunotherapy, 
such as high-dose interleukin-2 and interferon-α, as well as a number of targeted anti-
angiogenic therapies, mRCC continues to be associated with poor prognosis. Currently, 
immunotherapy has seen tremendous development in the form of immune checkpoint 
inhibition and vaccines at a dizzying pace, which are being studied in mRCC and are 
showing promise as important steps in the management of this disease. With so many 
drugs available to clinicians and patients, properly integrating immunotherapy espe-
cially immune checkpoint blockade (ICB) into the treatment paradigm is challenging. 
Emerging research with additional ICB agents and novel combination strategies is likely 
to further impact clinical decision-making. The further development of biomarkers for 
predicting a response is required to achieve optimal efficacy with these therapeutic 
interventions. This chapter summarizes the current landscape of standard and emerging 
immune therapeutics and other modalities for mRCC.

Keywords: immunotherapy, renal cell carcinoma, immune checkpoint inhibitors

1. Introduction

Renal cell carcinoma (RCC) is the most prevalent kidney cancer, with nearly 63,990 cases diag-
nosed and 14,400 deaths in 2017 [1]. Approximately 25–30% of cases are metastatic at diagnosis 
[2] and 20–30% of patients who undergo surgical management for local RCC show metastases 
[3]. Recently, the enhanced comprehension of RCC pathogenesis led to the development of 
von Hippel-Lindau/ hypoxia-inducible factor (VHL/HIF) targeted therapy as the mainstay of 
therapeutic options for advanced RCC patients, improving the survival rates of patients [4]. 
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However, the current 3-year overall survival rate is yet no more than 40% and a majority of 
patients will die because of the progressed disease [5]. As a consequence, new targets and 
therapies are needed to improve patient outcomes. The rapidly evolving field of immuno-
oncology yields several novel immunotherapeutic agents. Currently, cancer vaccines, adoptive 
T-cell therapy, and immune checkpoint inhibitors (ICIs) are being investigated in advanced 
RCC and are producing durable responses and noteworthy overall survival improvement. 
This chapter mainly introduces the treatment landscape of immune therapeutics for RCC.

2. Immunotherapy

The immune system interacts intimately with tumors over the entire disease process. The 
complex crosstalk between the immune system and cancer cells determines the eventual out-
come, either inhibiting or enhancing tumor development [6]. First, antigen-presenting cells 
(APCs), primarily dendritic cells (DCs), must encounter tumor-associated antigen (TAA), 
which can emerge via the altered protein structure caused by somatic mutations or differen-
tially expressed proteins. The antigen expression pattern needs to be different from that on 
normal cells to avoid immune tolerance. APCs process TAA into peptide fragments, which 
then form a complex with major histocompatibility complex (MHC) class I and II molecules. 
The initial step of T-cell activation is the recognition of antigen presented on the MHC mol-
ecule of APCs by T-cell receptor (TCR). Full T-cell activation also requires a co-stimulatory 
signal by the binding of CD28 on T cell to B7 ligands (CD80 and CD86) on APCs [7].

Multiple feedback mechanisms exert stimulatory or inhibitory effects on T cells, regulating 
immune function and preventing an excessive immune response. These mechanisms include 
immune checkpoint molecules on the surface of T cells and other immune cells such as regulatory 
T (Treg) cells and myeloid-derived suppressor cells (MDSCs) [8]. Tumor cells can take advantage 
of these mechanisms to prevent a potential anticancer immune response. RCC usually presents 
prominent immune cell infiltration, including T cells, natural killer (NK) cells, DCs, and mac-
rophages. During early stages, malignant cells can be poor stimulators and become resistant to 
the innate immune response. Later, progressively growing tumors impair the adaptive immune 
response by blocking T-cell signal transduction and function [9]. An increased understanding of 
these processes has enabled the development of immunotherapy for cancer management.

Immunotherapy is defined as excluding cancer by activating the autoimmune response 
against the tumor rather than by attacking the tumor directly. Immunotherapy can induce 
long-lasting anticancer responses owing to the generation of antigen-specific immune mem-
ory, either through memory T-cells or antibodies. Several crucial steps are needed to mount 
an initial effective immune response against tumors [10]. Immune checkpoint blockade dis-
rupts negative immune regulations to enhance immune system activity and boost antitumor 
immune response. Other immunomodulatory therapies such as cytokine therapy and vac-
cines potentiate co-stimulatory pathways or stimulate the innate immunity or interact with 
the immune suppressive tumor microenvironment. The past decade has witnessed the emer-
gence of immunotherapy as an exciting treatment option for different malignancies, including 
RCC. The following sections discuss these in more detail (Figure 1).

Evolving Trends in Kidney Cancer44

3. Traditional immunotherapy for mRCC

Cytokine therapy, involving IFN-α and IL-2, was the main treatment for mRCC before the 
approval of targeted therapies. IFN-α has antiangiogenic effects, promoting antigen presenta-
tion and dendritic cell maturation. The efficacy of IFN-α for mRCC patients was first reported 
in 1989, and it was confirmed that IFN-α is active [11]. The response rate of IFN-α was 15%, 
with 3–7 months increase in overall survival [12]. However, most responses to IFN-α were 
not long-lasting and rare patients showed complete responses. In addition, side effects such 
as flu-like symptoms and liver toxicity disenabled the long-term use of IFN-α. IL-2 is a potent 
stimulator of T-cell proliferation and differentiation. High dose IL-2 (HD IL-2) was approved 
in 1992 for treatment of mRCC based on an objective response rate (ORR) between 10 and 
20%; many of the responses were durable and continued for a long time [13]. Despite HD IL-2 
having become the preferred treatment, there is a limitation of severe toxicity that can prove 
in various organ systems, most significantly the heart, lungs, kidney, and central nervous 
system. The treatment of cytokine alone has gradually fallen out of favor from the first-line 
setting in the current era of targeted therapy and immunotherapy.

4. Vaccines

Studies on vaccine therapies in mRCC are still ongoing. They mainly focus on the treatment 
of primary tumors rather than prevention. Tumor vaccines have been designed to enhance the 

Figure 1. Immunotherapies under investigation for renal cell carcinoma.
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ability of the immune system to recognize tumor antigens, improve immune microenvironment, 
and trigger strong specific antitumor cell immunity. Currently, clinical trials evaluating various 
vaccines have been conducted, although none has demonstrated an improvement in survival 
thus far. In the future, vaccination approaches will probably be further tailored to the patient’s 
mutanome and tumor-associated antigen profile, with the goal of individualizing treatments 
and, thus, maximizing the potential benefits [14–16].

4.1. AGS-003

AGS-003 is a dendritic cell immunotherapeutic vaccine constructed from autologous blood 
dendritic cells and generated through the electroporation of tumor-derived RNA and CD40 
ligands (CD40L) RNA into host immune cells [17–19]. The tumor RNA-loaded mature den-
dritic cells present patient tumor-specific antigens in T-cells via MHC I. Meanwhile, the 
upregulated CD40L promotes the recruitment of CD8+ T-cell through the regional production 
of IL-12. A phase II study on 21 mRCC patients were treated by a combination therapy of 
AGS-003 with 1 cycle of sunitinib (4 weeks on, 2 weeks off), followed by AGS-003 immu-
notherapy until tumor progression or the end of the study. The median progression-free 
survival (PFS) and overall survival (OS) were 11.2 months and 30.2 months, respectively. 
Remarkably, OS was more than 5 years in 5 patients (24%), with 2 patients achieving durable 
responses for more than 5 years. Of 21 patients, 13 (62%) achieved a clinical benefit (9 with a 
partial response and 4 with stable disease). Treatment with AGS-003 was well tolerated, with 
injection site reactions as the primary adverse event (AE). Based on these promising results, a 
randomized multicenter phase III ADAPT trial is currently under way, to determine whether 
there is an overall survival benefit between AGS-003 and sunitinib in comparison to sunitinib 
alone in mRCC patients undergoing de-bulking nephrectomy (NCT01582672).

4.2. IMA901

IMA901 is a therapeutic vaccine consisting of nine different HLA class I-binding tumor-
associated peptides and one HLA class II-binding tumor-associated peptide. A phase II trial 
investigating the addition of cyclophosphamide (which reduces the T regulatory cells) to 
IMA901 showed that pretreatment with cyclophosphamide prolonged the survival of RCC 
patients compared with IMA901 therapy alone [20]. The majority of adverse events reported 
were local injection site reactions. A phase III trial comparing sunitinib with or without this 
vaccine for mRCC was recently completed. Unfortunately, the OS did not differ significantly 
between the 2 groups [21].

4.3. Modified vaccinia Ankara (MVA-5 T4; TroVax)

MVA-5 T4 was created to stimulate the immune system to destroy cells expressing 5 T4 anti-
gen. The 5 T4 oncofetal antigen is rarely detected in normal adult tissues but is over-expressed 
in kidney cancer [22–24]. A randomized, double-blind phase III study (TRIST trial) assessed 
OS and safety in patients with mRCC [25]. Patients were randomized to MVA-5 T4 (n = 365) or 
placebo (n = 368) in combination with IL-2, IFN-α, or sunitinib. Unfortunately, MVA-5 T4 in 
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combination with IFN-α, IL-2, or sunitinib as a first-line mRCC therapy did not lead to a sig-
nificant difference in OS when compared to the arm without MVA-5 T4 (median 20.1 months 
MVA-5 T4 versus 19.2 months placebo, p = 0.55). The adverse events’ profile was also similar 
between the treatment arms.

4.4. Autologous tumor cell lysate (Reniale)

Principally, autologous tumor cell lysate vaccine active APCs, such as dendritic cells, 
which stimulate a cytotoxic T lymphocyte response toward tumor-associated antigens, 
leading to tumor cell destruction [26–28]. Adjuvant treatment with autologous vaccination 
Reniale (Liponova AG, Hannover, Germany) improved OS in pT3 RCC patients (10-year 
OS rates: 53.6% in vaccine group versus 36.2% in control group; p = 0.022) in a phase III 
study [29]. Additional current studies on nonprotein antigens have been limited. There are 
other ongoing trials involving the DC-based vaccines. Some of the promising ones involve 
the transduction of a fusion gene construct of GM-CSF and carbonic anhydrase IX into 
autologous DCs (NCT01826877), DC/RCC fusion cells in combination with pidilizumab (a 
PD-1 antibody) (NCT01441765), and DCs in combination with cytokine-induced killer cells 
(NCT00862303).

5. Immune checkpoint inhibitors

Peptides derived from tumor-associated antigens are presented via MHC I and II epitopes to 
stimulate CD8+ and CD4+ T cells, respectively [30]. The binding of the T-cell receptor (TCR) to 
the peptide presented by MHC requires further co-stimulatory signals, resulting in the activa-
tion of downstream pathways and secretion of cytotoxic molecules, such as granzyme and 
perforin [31]. Regulatory mechanisms exist to weaken or inhibit immune response, avoiding 
excessive autoimmune response. These breaks in the immune system are often referred to 
as “immune checkpoints,” including PD-1/PD-L1, CTLA4/CD80, and so on. Immune check-
point proteins on CTLs cut off co-stimulatory signals after ligand binding and give rise to 
T-cell anergy and immune suppression. However, immune checkpoint proteins may become 
dysregulated under tumor settings, typically via an overexpression of inhibitory ligands and 
receptors [32]. Blocking these immune checkpoint proteins could improve the capability of 
CTL to mount and maintain an effective T-cell response [32–34].

Over the past decade, immune checkpoint inhibition (ICI) has become a major focus of 
research given its durable response rates and promising survival benefits in various malig-
nancies. Current ICIs include the cytotoxic T-lymphocyte associated antigen 4 (CTLA-4) 
antibodies (ipilimumab and tremelimumab), the programmed cell death protein 1 (PD-1) 
antibodies (nivolumab, pembrolizumab, and pidilizumab), and the programmed cell death 
protein ligand 1 (PD-L1) antibodies (atezolizumab, BMS-936559, durvalumab, and avelumab) 
[35] (Figure 2). Multiple clinical trials studying the efficacy of these agents on mRCC are being 
conducted (Table 1), among which nivolumab is the only agent approved for the treatment of 
mRCC by USFDA in 2015 [36].
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ability of the immune system to recognize tumor antigens, improve immune microenvironment, 
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dendritic cells and generated through the electroporation of tumor-derived RNA and CD40 
ligands (CD40L) RNA into host immune cells [17–19]. The tumor RNA-loaded mature den-
dritic cells present patient tumor-specific antigens in T-cells via MHC I. Meanwhile, the 
upregulated CD40L promotes the recruitment of CD8+ T-cell through the regional production 
of IL-12. A phase II study on 21 mRCC patients were treated by a combination therapy of 
AGS-003 with 1 cycle of sunitinib (4 weeks on, 2 weeks off), followed by AGS-003 immu-
notherapy until tumor progression or the end of the study. The median progression-free 
survival (PFS) and overall survival (OS) were 11.2 months and 30.2 months, respectively. 
Remarkably, OS was more than 5 years in 5 patients (24%), with 2 patients achieving durable 
responses for more than 5 years. Of 21 patients, 13 (62%) achieved a clinical benefit (9 with a 
partial response and 4 with stable disease). Treatment with AGS-003 was well tolerated, with 
injection site reactions as the primary adverse event (AE). Based on these promising results, a 
randomized multicenter phase III ADAPT trial is currently under way, to determine whether 
there is an overall survival benefit between AGS-003 and sunitinib in comparison to sunitinib 
alone in mRCC patients undergoing de-bulking nephrectomy (NCT01582672).

4.2. IMA901

IMA901 is a therapeutic vaccine consisting of nine different HLA class I-binding tumor-
associated peptides and one HLA class II-binding tumor-associated peptide. A phase II trial 
investigating the addition of cyclophosphamide (which reduces the T regulatory cells) to 
IMA901 showed that pretreatment with cyclophosphamide prolonged the survival of RCC 
patients compared with IMA901 therapy alone [20]. The majority of adverse events reported 
were local injection site reactions. A phase III trial comparing sunitinib with or without this 
vaccine for mRCC was recently completed. Unfortunately, the OS did not differ significantly 
between the 2 groups [21].

4.3. Modified vaccinia Ankara (MVA-5 T4; TroVax)

MVA-5 T4 was created to stimulate the immune system to destroy cells expressing 5 T4 anti-
gen. The 5 T4 oncofetal antigen is rarely detected in normal adult tissues but is over-expressed 
in kidney cancer [22–24]. A randomized, double-blind phase III study (TRIST trial) assessed 
OS and safety in patients with mRCC [25]. Patients were randomized to MVA-5 T4 (n = 365) or 
placebo (n = 368) in combination with IL-2, IFN-α, or sunitinib. Unfortunately, MVA-5 T4 in 
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combination with IFN-α, IL-2, or sunitinib as a first-line mRCC therapy did not lead to a sig-
nificant difference in OS when compared to the arm without MVA-5 T4 (median 20.1 months 
MVA-5 T4 versus 19.2 months placebo, p = 0.55). The adverse events’ profile was also similar 
between the treatment arms.

4.4. Autologous tumor cell lysate (Reniale)

Principally, autologous tumor cell lysate vaccine active APCs, such as dendritic cells, 
which stimulate a cytotoxic T lymphocyte response toward tumor-associated antigens, 
leading to tumor cell destruction [26–28]. Adjuvant treatment with autologous vaccination 
Reniale (Liponova AG, Hannover, Germany) improved OS in pT3 RCC patients (10-year 
OS rates: 53.6% in vaccine group versus 36.2% in control group; p = 0.022) in a phase III 
study [29]. Additional current studies on nonprotein antigens have been limited. There are 
other ongoing trials involving the DC-based vaccines. Some of the promising ones involve 
the transduction of a fusion gene construct of GM-CSF and carbonic anhydrase IX into 
autologous DCs (NCT01826877), DC/RCC fusion cells in combination with pidilizumab (a 
PD-1 antibody) (NCT01441765), and DCs in combination with cytokine-induced killer cells 
(NCT00862303).

5. Immune checkpoint inhibitors

Peptides derived from tumor-associated antigens are presented via MHC I and II epitopes to 
stimulate CD8+ and CD4+ T cells, respectively [30]. The binding of the T-cell receptor (TCR) to 
the peptide presented by MHC requires further co-stimulatory signals, resulting in the activa-
tion of downstream pathways and secretion of cytotoxic molecules, such as granzyme and 
perforin [31]. Regulatory mechanisms exist to weaken or inhibit immune response, avoiding 
excessive autoimmune response. These breaks in the immune system are often referred to 
as “immune checkpoints,” including PD-1/PD-L1, CTLA4/CD80, and so on. Immune check-
point proteins on CTLs cut off co-stimulatory signals after ligand binding and give rise to 
T-cell anergy and immune suppression. However, immune checkpoint proteins may become 
dysregulated under tumor settings, typically via an overexpression of inhibitory ligands and 
receptors [32]. Blocking these immune checkpoint proteins could improve the capability of 
CTL to mount and maintain an effective T-cell response [32–34].

Over the past decade, immune checkpoint inhibition (ICI) has become a major focus of 
research given its durable response rates and promising survival benefits in various malig-
nancies. Current ICIs include the cytotoxic T-lymphocyte associated antigen 4 (CTLA-4) 
antibodies (ipilimumab and tremelimumab), the programmed cell death protein 1 (PD-1) 
antibodies (nivolumab, pembrolizumab, and pidilizumab), and the programmed cell death 
protein ligand 1 (PD-L1) antibodies (atezolizumab, BMS-936559, durvalumab, and avelumab) 
[35] (Figure 2). Multiple clinical trials studying the efficacy of these agents on mRCC are being 
conducted (Table 1), among which nivolumab is the only agent approved for the treatment of 
mRCC by USFDA in 2015 [36].
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Checkpoint inhibitors cause immune-associated adverse events due to hyper-activated T-cell 
response in healthy tissues. The most common adverse reactions include skin rash, fatigue, 
and colitis. The incidence and grade of toxicities caused by CTLA-4 antibodies are greater 
than PD-1/PD-L1-directed monotherapy. Asymptomatic hepatitis and endocrinopathies are 
also occasionally encountered. Other rare, affected organs include eyes, lungs, kidneys, pan-
creas, and the hematologic system [37].

T-cell activation is regulated by various co-stimulatory and inhibitory checkpoints. Both 
agonistic antibodies to activating receptors and blocking antibodies to inhibitory receptors 
can stimulate T-cell activity and are being tested in advanced renal cell carcinoma and other 
solid tumors. Activation of T-cells first requires an antigen-presenting cell (APC), such as a 
dendritic cell, to present an antigen. Here, an APC presents a tumor antigen complexed to 
major histocompatibility complex (MHC) class I to the T-cell via the T-cell receptor (TCR). 
Co-stimulatory signals are also needed at this time. At this point, B7 on an APC can bind 
to cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) creating an inhibitory signal, but 
ipilimumab or tremelimumab—CTLA-4 antibodies—can inhibit the inhibitory signal by 
binding to CTLA-4 and promote T-cell activation. Once the activated T-cell is in the tumor 
environment it can recognize the antigen presented by an APC cell in the tumor. At this time, 
the programmed cell death protein 1 (PD-1) receptor can also send an inhibitory signal to the 
T-cell when the receptor binds to programmed cell death 1 ligand 1 (PD-L1), which is often 
expressed on tumor cells. Inhibition of PD-L1 or PD-1 could block that signal. Several PD-1 
inhibitors are under investigation for RCC, including pembrolizumab and pidilizumab, and 

Figure 2. Immune checkpoint inhibitors and agonists being tested in renal cell carcinoma.
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Checkpoint inhibitors cause immune-associated adverse events due to hyper-activated T-cell 
response in healthy tissues. The most common adverse reactions include skin rash, fatigue, 
and colitis. The incidence and grade of toxicities caused by CTLA-4 antibodies are greater 
than PD-1/PD-L1-directed monotherapy. Asymptomatic hepatitis and endocrinopathies are 
also occasionally encountered. Other rare, affected organs include eyes, lungs, kidneys, pan-
creas, and the hematologic system [37].

T-cell activation is regulated by various co-stimulatory and inhibitory checkpoints. Both 
agonistic antibodies to activating receptors and blocking antibodies to inhibitory receptors 
can stimulate T-cell activity and are being tested in advanced renal cell carcinoma and other 
solid tumors. Activation of T-cells first requires an antigen-presenting cell (APC), such as a 
dendritic cell, to present an antigen. Here, an APC presents a tumor antigen complexed to 
major histocompatibility complex (MHC) class I to the T-cell via the T-cell receptor (TCR). 
Co-stimulatory signals are also needed at this time. At this point, B7 on an APC can bind 
to cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) creating an inhibitory signal, but 
ipilimumab or tremelimumab—CTLA-4 antibodies—can inhibit the inhibitory signal by 
binding to CTLA-4 and promote T-cell activation. Once the activated T-cell is in the tumor 
environment it can recognize the antigen presented by an APC cell in the tumor. At this time, 
the programmed cell death protein 1 (PD-1) receptor can also send an inhibitory signal to the 
T-cell when the receptor binds to programmed cell death 1 ligand 1 (PD-L1), which is often 
expressed on tumor cells. Inhibition of PD-L1 or PD-1 could block that signal. Several PD-1 
inhibitors are under investigation for RCC, including pembrolizumab and pidilizumab, and 

Figure 2. Immune checkpoint inhibitors and agonists being tested in renal cell carcinoma.
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nivolumab was recently FDA approved for patients with RCC who have failed prior antian-
giogenic therapy. PD-L1 inhibitors under investigation include atezolizumab, BMS-936559, 
durvalumab, and avelumab. In addition to inhibitory receptors, several activating receptors 
exist that stimulate T-cell activity, including CD137, CD27, OX40, and GITR. Similarly, sev-
eral agonist antibodies target these receptors which are under investigation for RCC. These 
include urelumab targeting CD137, varlilumab targeting CD27, MEDI10562 targeting OX40, 
and MK-4166 and TRX518 targeting GITR.

5.1. Anti-PD-1 antibodies

PD-1 (CD279) is a cell surface receptor that is expressed on CD4+ and CD8+ T cells as well as 
NK cells and B cells. The expression of PD-1 is increased by several cytokines, such as IL-2, 
IL-7, IL-15, and IL-21. PD-1 belongs to the CD28/CTLA-4 superfamily and has an immunore-
ceptor tyrosine-based inhibitory motif (ITIM) and an immunoreceptor tyrosine-based switch 
motif (ITSM) which is able to recruit tyrosine phosphatases, anti-SRC homology phosphatase 
(SHP)-1 and SHP-2, to modulate inhibitory signaling [38, 39]. When interacting with its ligands, 
PD-1 suppresses signaling pathways that are involved in T-cell activity [32, 40]. Blockade of 
PD-1 was evaluated and the initial clinical trial demonstrated impressive antitumor response 
in several refractory cancer types, including RCC [41]. Thompson and his colleagues examined 
the expression of PD-1 and PD-L1 in a large number of renal tumors and found PD-1 being 
expressed in 56% of patient tumors with mononuclear cell infiltration. In addition, PD-1 expres-
sion was correlated with advanced tumor stage and worse survival in RCC patients [42–44].

5.1.1. Nivolumab

Nivolumab is a fully human immunoglobulin (Ig) G4 anti-PD-1 monoclonal antibody that 
selectively inhibits the interaction between PD-1 and its ligands PD-L1 and PD-L2. Several 
clinical trials of nivolumab have been performed for RCC (Table 1). In a phase I study that 
enrolled 33 patients with mRCC, nivolumab demonstrated an objective response rate of 27% 
and a manageable safety profile; responses were durable [45]. A phase II study enrolled 168 
patients with mRCC who had received previous treatment targeting the vascular endothelial 
growth factor (VEGF) pathway. Nivolumab was dosed at 0.3, 2, or 10 mg/kg every 3 weeks 
and showed antitumor activity with no dose-response relationship observed. There was 
no association between nivolumab dosage and the number of adverse events (AEs), which 
suggested that the incidence of immune-related AEs was limited [46]. Moreover, a random-
ized phase III study (Check Mate 025) evaluating nivolumab (3 mg/kg every 2 weeks) versus 
second-line everolimus (10 mg orally every day, pretreated with antiangiogenic therapy) 
represented a 5.4-month improvement in median OS (25 months and 19.6 months, respec-
tively). Although the ORR was significantly higher in the nivolumab group than in the evero-
limus group (25% versus 5%, odds ratio: 5.98 [95% CI, 3.68–9.72], p < 0.001), PFS was similar 
(4.6 versus 4.4 months, HR 0.88 [95% CI, 0.75–1.03], p = 0.11). This is the first time that an 
immune checkpoint inhibitor has demonstrated an OS benefit when compared with patients 
treated with TKIs for mRCC. The exact mechanism behind the discrepancy between PFS and 
OS is still unknown, and the authors hypothesized that there might be a potential delayed 
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nivolumab was recently FDA approved for patients with RCC who have failed prior antian-
giogenic therapy. PD-L1 inhibitors under investigation include atezolizumab, BMS-936559, 
durvalumab, and avelumab. In addition to inhibitory receptors, several activating receptors 
exist that stimulate T-cell activity, including CD137, CD27, OX40, and GITR. Similarly, sev-
eral agonist antibodies target these receptors which are under investigation for RCC. These 
include urelumab targeting CD137, varlilumab targeting CD27, MEDI10562 targeting OX40, 
and MK-4166 and TRX518 targeting GITR.

5.1. Anti-PD-1 antibodies

PD-1 (CD279) is a cell surface receptor that is expressed on CD4+ and CD8+ T cells as well as 
NK cells and B cells. The expression of PD-1 is increased by several cytokines, such as IL-2, 
IL-7, IL-15, and IL-21. PD-1 belongs to the CD28/CTLA-4 superfamily and has an immunore-
ceptor tyrosine-based inhibitory motif (ITIM) and an immunoreceptor tyrosine-based switch 
motif (ITSM) which is able to recruit tyrosine phosphatases, anti-SRC homology phosphatase 
(SHP)-1 and SHP-2, to modulate inhibitory signaling [38, 39]. When interacting with its ligands, 
PD-1 suppresses signaling pathways that are involved in T-cell activity [32, 40]. Blockade of 
PD-1 was evaluated and the initial clinical trial demonstrated impressive antitumor response 
in several refractory cancer types, including RCC [41]. Thompson and his colleagues examined 
the expression of PD-1 and PD-L1 in a large number of renal tumors and found PD-1 being 
expressed in 56% of patient tumors with mononuclear cell infiltration. In addition, PD-1 expres-
sion was correlated with advanced tumor stage and worse survival in RCC patients [42–44].

5.1.1. Nivolumab

Nivolumab is a fully human immunoglobulin (Ig) G4 anti-PD-1 monoclonal antibody that 
selectively inhibits the interaction between PD-1 and its ligands PD-L1 and PD-L2. Several 
clinical trials of nivolumab have been performed for RCC (Table 1). In a phase I study that 
enrolled 33 patients with mRCC, nivolumab demonstrated an objective response rate of 27% 
and a manageable safety profile; responses were durable [45]. A phase II study enrolled 168 
patients with mRCC who had received previous treatment targeting the vascular endothelial 
growth factor (VEGF) pathway. Nivolumab was dosed at 0.3, 2, or 10 mg/kg every 3 weeks 
and showed antitumor activity with no dose-response relationship observed. There was 
no association between nivolumab dosage and the number of adverse events (AEs), which 
suggested that the incidence of immune-related AEs was limited [46]. Moreover, a random-
ized phase III study (Check Mate 025) evaluating nivolumab (3 mg/kg every 2 weeks) versus 
second-line everolimus (10 mg orally every day, pretreated with antiangiogenic therapy) 
represented a 5.4-month improvement in median OS (25 months and 19.6 months, respec-
tively). Although the ORR was significantly higher in the nivolumab group than in the evero-
limus group (25% versus 5%, odds ratio: 5.98 [95% CI, 3.68–9.72], p < 0.001), PFS was similar 
(4.6 versus 4.4 months, HR 0.88 [95% CI, 0.75–1.03], p = 0.11). This is the first time that an 
immune checkpoint inhibitor has demonstrated an OS benefit when compared with patients 
treated with TKIs for mRCC. The exact mechanism behind the discrepancy between PFS and 
OS is still unknown, and the authors hypothesized that there might be a potential delayed 
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benefit in PFS with nivolumab. Nivolumab was very well tolerated, and a lower proportion 
of patients developed grade 3 or 4 treatment-related AEs (19 and 37%, respectively), includ-
ing fatigue, nausea, and diarrhea, which suggested that the safety profile of nivolumab was 
favorable [36]. Nivolumab was approved by the FDA for pretreated advanced clear-cell RCC 
in November 2015 [36, 41, 46, 47] and is still under investigation as pre- and postoperative 
therapy in mRCC (ADAPTeR) (NCT02446860) and is also being studied in combination with 
other drugs (NCT01472081, NCT02231749, NCT02210117, NCT02335918, and NCT02614456).

5.1.2. Pembrolizumab

Pembrolizumab (formerly known as MK3475 or lambrolizumab), a highly selective human-
ized IgG4 monoclonal antibody against PD-1, has been approved for metastatic melanoma, 
head and neck cancer, and non-small cell lung cancer (NSCLC) mainly as combinational 
therapy. Pembrolizumab is currently being investigated in two randomized phase II trials 
of mRCC patients [48]. A phase I/II study (KEYNOTE-029) involving pembrolizumab plus 
ipilimumab or pegylated interferon alfa-2b (PEGIFN) in patients with advanced melanoma 
and RCC reported an acceptable safety profile [49]. Nowadays, several trials evaluating 
pembrolizumab in combination with various agents with different mechanisms are ongoing 
(NCT02014636, NCT02133742, NCT02348008, NCT02089685, NCT02501096, NCT02619253, 
NCT02298959, NCT02646748, NCT02178722, and NCT02475213). The most common adverse 
events were fatigue, pruritus, and dyspnea. Antitumor activity was observed [50].

5.1.3. Pidilizumab

Pidilizumab (CT-011), another humanized IgG1 kappa monoclonal antibody targeting PD-1, 
is already under evaluation in several hematologic malignancies, including acute myeloid 
leukemia (AML), multiple myeloma, Hodgkin lymphoma, non-Hodgkin lymphoma, and 
chronic lymphocytic leukemia [51]. There are several efforts under way to assess the agent 
in several solid tumors. As for mRCC, a study is currently under way to assess the combina-
tion of pidilizumab with a novel dendritic cell (DC) fusion cell vaccine (NCT01441765). The 
first group will receive pidilizumab at a dose of 3 mg/kg every 2 weeks intravenously, for a 
total of 4 cycles. The second group will receive infusions of an autologous DC vaccine during 
2–4 cycles of pidilizumab therapy. The noted trial of pidilizumab with an autologous DC 
vaccine is of substantial interest, especially with emerging vaccine-based therapies, such as 
AGS-003 and IMA901 [52–54].

5.2. Anti-PD-L1 antibodies

The encouraging results of PD-1 antibodies in cancer management inspired interest in the 
inhibition of the PD-1 ligands, namely PD-L1. PD-L1 is expressed on a variety of cells, includ-
ing cancer cells, APCs, T-cells, B cells, and myeloid cells. PD-L1 inhibits T-cell proliferation 
and adhesion, as well as cytokine production [17, 55, 56]. PD-L1 expression was detected by 
immune staining in the RCC tissue, and PD-L1 expression by tumor cells (>10%), on infiltrat-
ing lymphocytes (>50%), or the composite of both makers was strongly associated with poor 
prognosis [42, 57].

Evolving Trends in Kidney Cancer52

5.2.1. Atezolizumab

Atezolizumab (MPDL3280A), a fully humanized monoclonal IgG1 antibody against PD-L1, 
is being evaluated in different cancers, including RCC. It has showed promising results in a 
multicenter phase I trial involving 17 mRCC patients. The ORR was 12% with responses that 
lasted for 4–17 months. Seven patients (41%) had stable disease for more than 24 weeks [55]. 
In another phase Ia study, of the 63 patients with clear-cell RCC that were evaluable, median 
PFS was 5.6 months and median OS was 28.9 months. The ORR was 15% (18% in patients with 
>1 and 9% in those with <1% PD-L1 expression) [58].

5.2.2. BMS-936559

BMS-936559 (MDX-1105) is a fully human monoclonal antibody with high affinity to PD-L1 
and blocks the binding of PD-L1 to both PD-1 and B7.1. In a phase I trial of evaluating BMS-
936559 in 207 patients with different advanced cancer types, 17 patients had mRCC. The study 
showed that 2 of 17 RCC patients had an objective response with response durations for 4 and 
17 months, respectively [59].

5.2.3. Avelumab

Avelumab (MSB0010718C) is a fully human IgG1 monoclonal antibody against PD-L1 and inhib-
its PD-1-PD-L1 interactions. It also has a native Fc region that could induce antibody-dependent 
cell-mediated cytotoxicity (ADCC). In a phase Ib, open-label expansion study, avelumab was 
used in patients with advanced solid tumors and showed an acceptable safety profile [60]. Two 
ongoing trials evaluate avelumab in combination with axitinib (NCT02493751, NCT02684006).

5.2.4. Durvalumab

Durvalumab (MEDI4736) is another human anti-PD-L1 IgG1 monoclonal antibody. It blocks 
PD-L1 binding to PD-1 and CD80, with no binding to PD-L2. ADCC and complement-depen-
dent cytotoxicities are removed by an engineered triple mutation in the Fc domain. A Phase 
1/2, multicenter, open-label study which evaluated the safety and clinical activity of the drug 
in patients with multiple solid tumor types such as non-small cell lung cancer noted a very 
manageable safety profile [61]. There are ongoing trials evaluating durvalumab in combina-
tion with other drugs, including tremelimumab (NCT01975831) and MEDI0680 (AMP-514) 
(a humanized IgG4 monoclonal antibody against PD-1) (NCT02118337) for patients with 
advanced malignancies including RCC.

5.3. Anti-CTLA-4 antibodies

In addition to the PD-1/PD-L1 checkpoint, CTLA-4, an immune checkpoint on the surface of 
cytotoxic T-cells, counteracts the action of the co-stimulatory receptor CD28 and plays a key 
role in the immune response. Both CTLA-4 and CD28 bind identical ligands CD80 and CD86 
(called B7-1 and B7-2), but CTLA4 has a higher affinity for both ligands than CD28. Therefore, 
CTLA4 can antagonize CD28-ligand interactions by competing for ligand binding. In addition, 
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benefit in PFS with nivolumab. Nivolumab was very well tolerated, and a lower proportion 
of patients developed grade 3 or 4 treatment-related AEs (19 and 37%, respectively), includ-
ing fatigue, nausea, and diarrhea, which suggested that the safety profile of nivolumab was 
favorable [36]. Nivolumab was approved by the FDA for pretreated advanced clear-cell RCC 
in November 2015 [36, 41, 46, 47] and is still under investigation as pre- and postoperative 
therapy in mRCC (ADAPTeR) (NCT02446860) and is also being studied in combination with 
other drugs (NCT01472081, NCT02231749, NCT02210117, NCT02335918, and NCT02614456).

5.1.2. Pembrolizumab

Pembrolizumab (formerly known as MK3475 or lambrolizumab), a highly selective human-
ized IgG4 monoclonal antibody against PD-1, has been approved for metastatic melanoma, 
head and neck cancer, and non-small cell lung cancer (NSCLC) mainly as combinational 
therapy. Pembrolizumab is currently being investigated in two randomized phase II trials 
of mRCC patients [48]. A phase I/II study (KEYNOTE-029) involving pembrolizumab plus 
ipilimumab or pegylated interferon alfa-2b (PEGIFN) in patients with advanced melanoma 
and RCC reported an acceptable safety profile [49]. Nowadays, several trials evaluating 
pembrolizumab in combination with various agents with different mechanisms are ongoing 
(NCT02014636, NCT02133742, NCT02348008, NCT02089685, NCT02501096, NCT02619253, 
NCT02298959, NCT02646748, NCT02178722, and NCT02475213). The most common adverse 
events were fatigue, pruritus, and dyspnea. Antitumor activity was observed [50].

5.1.3. Pidilizumab

Pidilizumab (CT-011), another humanized IgG1 kappa monoclonal antibody targeting PD-1, 
is already under evaluation in several hematologic malignancies, including acute myeloid 
leukemia (AML), multiple myeloma, Hodgkin lymphoma, non-Hodgkin lymphoma, and 
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5.2.1. Atezolizumab

Atezolizumab (MPDL3280A), a fully humanized monoclonal IgG1 antibody against PD-L1, 
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5.3. Anti-CTLA-4 antibodies
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CTLA4 can antagonize CD28-ligand interactions by competing for ligand binding. In addition, 

Immunotherapy for Renal Cell Carcinoma
http://dx.doi.org/10.5772/intechopen.77377

53



the interaction of CTLA4 with CD80 or CD86 can lead to the endocytosis of these ligands from 
the APC surface into a CTLA4-expressing T-cell (a process called trans-endocytosis). The ligand 
removal impairs the stimulatory capacity of APCs by limiting CD28 signaling and thus inhibits 
T-cell responses [32, 62]. CTLA-4 antibodies were initially tested on colon adenocarcinoma and 
sarcoma in mouse models with noted tumor shrinkage [63]. These encouraging results led to 
the subsequent development of CTLA-4 antibodies, including ipilimumab and tremelimumab.

5.3.1. Ipilimumab

Ipilimumab, an anti-CTLA-4 IgG1 monoclonal antibody, received US FDA approval for 
the treatment of melanoma in 2011 [64, 65]. It has been investigated as monotherapy plus 
nivolumab in metastatic melanoma, with the combination treatment being more effective 
albeit accompanied with significantly more toxicity [66]. Currently, ipilimumab is being 
investigated in mRCC with the combination of nivolumab. In a phase II study of ipilimumab 
in patients with mRCC, 1 of 21 patients had a partial response in the lower dose group (3 mg/
kg followed by 1 mg/kg every 3 weeks). A total of 5 of 40 patients had partial responses at the 
higher dose (3 mg/kg every 3 weeks). AEs were highly significant and associated with tumor 
regression [67]. Ipilimumab has also been investigated in another phase II trial in mRCC; 
however, just 12% of patients achieved a partial response, with a substantial amount of toxici-
ties [67]. Further phase III trials investigating ipilimumab alone (NCT00057889) and in combi-
nation with other drugs have not yet been studied (NCT02231749, NCT02381314).

5.3.2. Tremelimumab

Tremelimumab is another anti-CTLA-4 antibody that is actively being investigated in 
mRCC. Unlike ipilimumab, it is an IgG2 antibody. It is currently being evaluated with dur-
valumab in the treatment of patients with mRCC (NCT01975831).

5.4. Anti-LAG-3 antibodies

Lymphocyte activation gene 3 (LAG-3) is expressed on activated T cells and Treg-cells [68]. 
Upon binding to the MHC class II on APCs, LAG-3 induces an inhibitory signal in T-cells [69], 
whereas LAG-3 enhances the suppressive function of Treg-cells [70, 71]. Co-expression of LAG-3 
and PD-1 is a marker of exhausted T cells and, therefore, the blockade of both receptors confers 
additive therapeutic activity in preclinical models of chronic infection and cancer [72–74]. In a 
phase I study, a soluble LAG-3-Ig fusion protein (IMP321), which was designed to stimulate 
MHC class II-driven DC activation, has been evaluated in patients with advanced RCC. IMP321 
induced CD8 T-cell activation in patients and disease stabilization with the absence of toxicity 
[75]. Currently, a blocking mAb targeting LAG-3 is being tested in the clinic (NCT01968109).

6. Combined therapy

Preclinical studies point out that the dual blockade of PD-1 and CTLA-4 reduced regula-
tory Treg cell infiltration and increased effector T-cell infiltration and interferon-γ production, 
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achieving a heightened antitumor effect [76]. This approach has demonstrated clinically 
effective synergy from nivolumab plus ipilimumab treatment in patients with advanced 
melanoma [77]. Several studies are ongoing in patients with mRCC on the combinations 
of ICIs with different targets, for example, anti-PD-1 or PD-L1 and anti-CTLA-4 antibodies 
[78, 79], allowing dual/multifaceted manipulation of immunosuppression. A combination of 
nivolumab and ipilimumab has acquired success in patients with treatment naïve or previ-
ously treated RCC (CheckMate 016 study) with an ORR of about 40% [80] these provided the 
rationale for a phase III trial comparing this combination with sunitinib in treatment-naïve 
patients (CheckMate 214, NCT02231749).

Emerging evidence suggests that antiangiogenic therapies may have immune-modulatory 
effects such as the enhancement of cytotoxic T-cell trafficking and infiltration in addition to 
their known direct antiangiogenic effects, possibly potentiating the effectiveness of checkpoint 
inhibitors when administered concurrently [81]. Based on this rationale, several clinical stud-
ies are ongoing in patients with mRCC under the combinations of ICIs and VEGF pathway 
inhibitors (Table 2) [78, 79]. While a few of these combinations have produced unacceptable 
hepatic toxicity [82, 83], the use of the combinations of PD-1 pathway inhibitors with more 
selective inhibitors of the VEGF pathway (e.g., atezolizumab with bevacizumab, pembroli-
zumab with axitinib, or avelumab with axitinib) has proven to be more tolerable [55, 84–87]. 
Preliminary results from studies combining immune checkpoints and VEGF pathway inhibi-
tors have shown encouraging clinical activity in terms of PFS and ORR [83–86]. In an ongoing 
phase Ib study of 52 treatment-naïve patients, pembrolizumab plus axitinib resulted in an 
ORR of 67%, including 2 complete responses and 33 PR; median PFS is not yet mature, with 7 
patients of 11 enrolled in the dose-finding phase remaining progression-free at 11 months [84]. 
Smaller phase I studies evaluating avelumab plus axitinib and pembrolizumab plus pazo-
panib combination therapy reported ORRs of 83% (5 PRs of 6 treated patients) and 60% (6 of 
10 patients; pazopanib 800 mg cohort), respectively [47, 85]. Atezolizumab plus bevacizumab 
combination therapy in 10 previously untreated patients with mRCC also resulted in clinical 
benefits (4 patients with PRs and 4 with stable disease) [86]. Confirmatory randomized phase 
III trials comparing sunitinib versus either atezolizumab with bevacizumab (NCT02420821), 
avelumab with axitinib (NCT02684006), or pembrolizumab with axitinib (NCT02853331) are 
ongoing. Preclinical data from an RCC mouse model showed that radiation enhanced the 
therapeutic effect of IL-2 immunotherapy on pulmonary metastases [88]. One explanation is 
that DCs are recruited to the irradiated site when radiotherapy is applied in few-fraction and 
high-dose manners [89]. Currently, a clinical trial evaluating the combination of radiation 
therapy with pembrolizumab for patients with recurrent or mRCC is ongoing (NCT02318771).

Therefore, a number of combination strategies, such as PD-1/PD-L1 blockade, PD-1 antibody 
with other immunotherapeutic agents, PD-1 antibody with antiangiogenesis agents, and 
combination with radiotherapy, are currently in clinical trial research to determine whether 
there is a most favorable sequence of treatment and if combination strategy benefits mRCC 
patients. Results from recent clinical trials with immunotherapeutic agents suggest that 
immunotherapy in combination with other agents is capable of producing durable responses 
and significant overall survival improvement. Thus, in the future, immunotherapy, together 
with other treatments, will likely cause a paradigm shift in the clinical management of mRCC 
patients. However, the combination of immunotherapeutic agents does have considerable 
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toxicities such as gastrointestinal and hepatic toxicities, and careful patient selection must 
be guaranteed [90, 91]. Therefore, much more studies must be taken to define the role of 
combination treatment with immunotherapy agents in mRCC. Moreover, further studies are 
warranted to identify biomarkers that reliably predict the treatment benefit from these new 
therapies.

Checkpoint inhibitor Targeted therapy Phase Population Identifier

Nivolumab Sunitinib

Pazopanib

I Advanced RCC, 
prior cytokine 
therapy allowed

NCT01472081 (CheckMate 
016)

Atezolizumab Bevacizumab Ib Untreated, 
advanced clear cell 
RCC

NCT01633970

Nivolumab Bevacizumab Neoadjuvant pilot Metastatic clear cell 
RCC, prior therapy 
allowed

NCT02210117

Nivolumab Temsirolimus Ib/II Metastatic RCC, 
prior therapy 
allowed

NCT02423954

Pembrolizumab Pazopanib I/II Untreated, 
advanced clear cell 
RCC

NCT02014636

Pembrolizumab Axitinib Ib Untreated, 
advanced clear cell 
RCC

NCT02133742

Pembrolizumab Bevacizumab Ib/II Metastatic clear cell 
RCC treated with 
failure of at least 
one prior therapy

NCT02348008

Pembrolizumab Aflibercept I Metastatic RCC 
treated with at least 
one prior VEGF TKI

NCT02298959

Avelumab Axitinib Ib Untreated, 
advanced clear cell 
RCC

NCT02493751

Atezolizumab Bevacizumab III Untreated, 
advanced clear cell 
RCC

NCT02420821

Avelumab Axitinib III Untreated, 
advanced clear cell 
RCC

NCT02684006

Pembrolizumab Axitinib III Untreated, 
advanced clear cell 
RCC

NCT02853331 (MK-3475-426/
KEYNOTE-426)

RCC, renal cell carcinoma; TKI, tyrosine kinase inhibitor; VEGF, vascular endothelial growth factor.

Table 2. Ongoing immune checkpoint inhibitor and targeted therapy combinational trials in RCC.
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7. Adjuvant and neoadjuvant immunotherapy

With the promising outcome of immunotherapy in mRCC, it is reasonable to explore whether 
immunotherapy works in the non-metastatic adjuvant setting. Noteworthy, spontaneous 
antitumor immune infiltration was shown to be higher in primary tumors with respect to 
matched metastases [92], suggesting that the administration of immunotherapy in the early 
setting might be more effective than in the advanced setting. However, trials of adjuvant 
therapy involving tumor cell vaccination, IFN-α, or HD IL-2 have not shown survival benefits 
[93]. Trials studying the role of checkpoint inhibition (anti PD-1/PD-L1 agents) are proceed-
ing, and the results are eagerly awaited. Studies are also under way to determine the fea-
sibility of ICIs as neoadjuvant (nivolumab, NCT02575222, NCT02595918; durvalumab with 
or without tremelimumab, NCT02762006) or adjuvant therapy (nivolumab; NCT02595944, 
NCT02388906, NCT02743494, NCT02632409; pembrolizumab, NCT02362594, NCT02504372; 
atezolizumab, NCT02450331, NCT02927301, NCT02912559, NCT02486718). We believe that a 
big movement in RCC management will occur if we can find a way to increase survival rates 
in the adjuvant or neoadjuvant setting of surgically managed patients.

8. Non-clear cell RCC (nccRCC)

Non-clear cell histology constitutes 20–25% of RCCs [94, 95]. However, this group is hetero-
geneous, and individually each subtype is relatively rare and thus difficult to study in large 
prospective trials. nccRCC includes papillary, chromophobe, sarcomatoid, collecting duct, 
medullary, and various hereditary forms, among which papillary is the most common sub-
type [94]. Patients with metastatic nccRCC have generally proven to be less responsiveness to 
the drugs shown to be active in ccRCC [96]. Although some patients with nccRCC may obtain 
some benefit from VEGF-targeting TKIs, retrospective studies have generally suggested that 
these agents have inferior efficacy compared with what would be expected in patients with 
ccRCC [97]. This was also true in the previous era of immunotherapy HD IL-2. Although 
included in some of the large trials of HD IL-2, patients with nccRCC rarely experienced 
clinical benefits [95, 98, 99]. Treatment with IFN-α has also showed limited efficacy in patients 
with non-clear cell histology [95]. No prospective data currently exist to characterize the 
response of patients with nccRCC to ICIs, though several case reports have been published 
identifying single responses across various histologies [100–102]. Several ongoing studies are 
evaluating ICIs as a single agent or in combination in patients with nccRCC.

9. Therapy response and predictive biomarkers

The use of immunotherapies for RCC provides evidence that immune-based treatments can 
drastically improve survival or antitumor effects for patients with advanced RCC. However, 
only certain patients obtain clinic benefit as a durable response, so we need to identify reliable 
predictive biomarkers of treatment response to optimize patient selection.
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The evaluation of responses to immunotherapeutic agents represents a challenge in the clinic. 
Specific tumor response patterns with ICI treatment sometimes differ from those with chemo-
therapeutic and targeted agents. Due to immune-mediated mechanisms, tumor flare, which 
shows enlarged size of baseline lesions or increased total tumor burden, may occur before 
cellular immune responses have a chance to affect the actual tumor size [103]. Additionally, 
transient immune cell infiltration at the tumor site may boost the appearance of tumor growth 
[103, 104]. Therefore, tumor flare can confuse tumor response interpretation by appearing as 
disease progression, hence the term pseudoprogression, and may result in inappropriately 
switching therapy before ongoing clinical benefits manifest on imaging [105]. While pseudo-
progression is relatively uncommon (occurring in <10% of patients) versus true progression, 
it sometimes presents a challenge for patients and for clinicians in determining when to stop 
and/or switch therapy [105]. Recently updated guidelines for the use of modified RECIST 
(iRECIST) in trials of immunotherapies were published in an effort to standardize and validate 
these criteria and harmonize the interpretation of the results [106].

Response to ICI has been associated with specific intrinsic and extrinsic properties of tumors 
or of the host that have been recently classified as the elements of the cancer-immune set point 
[107]. Intrinsic properties reflect the degree of tumor foreignness [108], linked to the muta-
tional burden and the presence of neoantigens that can be recognized by the immune system, 
as shown in NSCLC and melanoma [109, 110]. Foreignness of RCC might vary by molecular 
subtype and a higher number of mutations [111]. In addition, the general individual immune 
status, mirrored by the levels of circulating lymphocytes and the neutrophil to lymphocyte 
ratio (NLR), the increase of the C reactive protein, the erythrocyte sedimentation rate PD-L1 
expression (although controversial), and LDH were shown to influence the response to ICI.

In addition to the intrinsic properties of the tumors, extrinsic factors, such as exposure to sun-
light and to cigarette smoke, the presence of viral infections, and the composition of the gut 
microbiota, were classified as elements of the cancer-immune set point [107]. The exposure to 
sunlight and cigarette smoke was relevant for melanoma and NSCLC, respectively, while the 
presence of viral infections might impact the response to ICI in human papilloma virus posi-
tive tumors and Epstein-Barr virus related tumors. Preclinical evidence showed that several 
bacteroides and bifidobacterium species influenced the efficacy of ICI with anti-CTLA-4 and 
anti-PD-L1 mAb in mice [112–114]. The role of the gut microbiota in patients with renal cancer 
treated with ICB requires further investigations.

Taken together, these data suggest that multiple parameters should be taken into account to 
identify ideal candidates for immunotherapy in RCC. The genomic landscape likely has a role 
in determining the putative immunogenicity of the tumor [115]; TIL, PD-L1 expression, and 
immune gene signatures could detect tumors with an inflamed phenotype, which have higher 
chances of response to ICB [107, 116].

10. Perspective

The advent of immunotherapy has brought about a paradigm shift in the treatment of 
advanced RCC. Properly integrating immunotherapy into the present treatment is challenging. 
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Preclinical research has demonstrated the role of VEGF in suppressing tumor immune 
responses—an attractive strategy to combine with ICIs [117–119]. This successful synergy has 
been confirmed in phase 1 and 2 studies with axitinib-pembrolizumab [84], axitinib-avelumab 
[120], lenvatinib-pembrolizumab [121], and bevacizumab-atezolizumab [122, 123]. The ORR 
ranged between 32% and 67%, and AEs were manageable in all these studies, in contrast to 
studies in other combinations as TKIs (pazopanib/sunitinib) plus immunotherapy, which did 
not move forward because of unacceptable toxicity [83, 124, 125]. Although preliminary, the 
abovementioned results are encouraging and have led to larger, confirmatory, phase 3 trials, 
which are now actively accruing patients.

In addition, different novel immunotherapies beyond ICIs are being investigated, including 
adoptive T-cell therapy and T-cell agonists.

Adoptive T-cell transfer therapy refers to the autologous or allogeneic infusion of T-cells. One 
such therapy involves the generation and infusion of chimeric antigen receptor (CAR) T-cells—T 
cells that have been genetically modified to express a receptor specific to tumor epitopes inde-
pendent of HLA. The promising efficacy of anti-CD19 CAR T cells in hematological malignan-
cies has inspired further investigations in solid tumors [126]. One of the key aspects of designing 
effective CAR T cells is finding a tumor-associated antigen that is uniformly expressed in tumor 
cells but not in the normal tissue. Carbonic anhydrase 9 (CAIX) is an enzyme that is overex-
pressed in clear-cell RCC but minimally expressed in normal tissue [127]. Early efforts in using 
CAIX as a tumor-associated antigen for CAR resulted in liver enzyme elevations that limited its 
use, likely owing to the therapy also targeting CAIX expressed in the liver bile duct epithelium 
[128]. Cor H.J. Lamers and his colleagues gave patients a CAIX monoclonal antibody before 
infusion of CAR T cells to reduce this off-target toxicity [129]. However, in the study, no clinical 
responses were observed, and the efficacy of CAIX CAR T cells is yet to be proven.

Another form of adoptive immune cell therapy tested in RCC is autologous cytokine-induced 
killer (CIK) cell immunotherapy. CIK cells are created in vitro by harvesting peripheral mono-
nuclear cells in the blood using an anti-CD3 antibody. The resulting phenotype by IL-1, IFNγ, 
and IL-2 shares features of effector T-cells and natural killer cells [130]. A phase II trial ran-
domly assigned 148 patients with mRCC to CIK cell immunotherapy or IL-2 combined with 
IFNα [131]. PFS and OS at 3 years in the CIK cell therapy arm were 18% and 61%, respectively, 
compared with 12% and 23% in the IL-2 plus IFNα arm (p = 0.031 and p < 0.001, respectively). 
This therapy is being further investigated in conjunction with DC vaccines and early results 
show that therapy is well tolerated and might have activity against RCC [132].

Stimulatory molecules expressed on immune cells can also be targeted with agonist antibod-
ies. CD137 is a co-stimulatory molecule for T-cells that increases T-cell effector activity and 
survival. Its use in combination with anti-DR5 and anti-CD40 antibodies in mouse models of 
RCC has shown to improve survival compared with control mice (p < 0.001) [133]. The CD137 
agonist PF-05082566 is currently being tested in combination with pembrolizumab in a phase 
I trial of advanced solid tumors, including RCC (NCT02179918). Varlilumab is an agonist anti-
body targeting CD27, another co-stimulatory molecule for T-cell activation. In a phase I trial 
in solid tumors, including 11 patients with RCC, of the six evaluable RCC patients, two had 
stable diseases [134]. This antibody is currently being studied in combination with sunitinib 
and in combination with atezolizumab in phase I/II trials in RCC (NCT02386111).
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In addition to CD137 and CD27, other co-stimulatory molecules such as OX40 and GITR are 
also promising therapeutic targets. Trials of monotherapy with the OX40 agonist MEDI0562, 
and with the GITR agonists MK-4166 and TRX518, are under way in solid tumor malignancies 
(NCT02318394, NCT02132754, and NCT02628574). Like combination checkpoint blockade 
strategies, much enthusiasm exists for combined treatment strategies with other immuno-
modulatory agents [135, 136].

Owing to the unique antitumor mechanisms elicited by immunotherapy, patients treated with 
these agents can have tumor response patterns that are different from conventional tumor-
response criteria, such as the WHO criteria [137, 138]. A subset of patients receiving ICI ther-
apy develop pseudoprogression, in which tumor burden decreases after an initial increase or 
during or after the appearance of new lesions. The evaluation of pseudoprogression provides 
new challenges in treatment monitoring and therapeutic decision-making because it cannot 
be evaluated with the existing response-evaluation criteria. The establishment of a standard-
ized strategy to evaluate immune-related responses in patients receiving ICIs is extremely 
important. However, advances in the knowledge of immune-related responses have been 
challenged by the fact that only a few clinical trials have used the immune-related response 
criteria (irRC) [103] or immune-related response evaluation criteria in solid tumors (irRE-
CIST) [139] as the primary criteria to define their end points [77, 104, 140].

In addition, the development of robust biomarkers to assist prediction of response and clini-
cal benefits of immunotherapy is essential to further advance the field as precision immuno-
oncology. Despite the remarkable success of clinical applications of immunotherapy reported 
in the past decade, the effectiveness of these therapies varies greatly across individual patients 
and among different tumor types. A substantial unmet need is the development of biomark-
ers of response to immunotherapeutic agents, in order to identify, before the initiation of 
treatment, which patients are likely to experience clinical benefit from such treatments. This 
aspect is particularly important in the management of tumors with low response rates, such 
as NSCLC (response rate ≤ 20%), RCC, and urothelial carcinoma (UCC) [141]. The growing 
knowledge of molecular subtypes of RCC with next-generation sequencing is the first step 
toward developing RCC-specific genomic signatures and guiding therapy selection, thereby 
moving toward precision medicine [142].

Taken together, the therapeutic activity of immunotherapy is the result of a complex interplay 
between multiple factors in the tumor, tumor microenvironment, and immune system, requir-
ing a collaborative approach to translate the emerging knowledge into the clinical context.

11. Conclusions

Novel immune therapies are emerging as an important addition to targeted therapies in the 
treatment of RCC. Many questions regarding their use remain to be optimized including dose, 
schedule, AEs, and adjuvant or neoadjuvant application. An investigation of the rational com-
bination of different treatment modalities is also critical in maximizing the potential of immu-
notherapy. Additional investigations into predictive biomarkers or resistance mechanisms are 
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needed to optimize patient selection. To date, nivolumab has been approved in the second-
line setting, and randomized phase III trials with novel immunotherapy combinations are 
challenging the first-line standard of care in RCC—in the near future, immunotherapy will 
likely be a new standard therapy.
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Abstract

The rise of robotic surgery coupled with the increased detection of small renal masses 
has led to a marked increase in renal cancer surgery and, in particular, robotic partial 
nephrectomy. Given the associated learning curves of these procedures and added exter-
nal pressures such as work-time directives, training programmes have had to adapt and 
move away from the traditional apprenticeship model. Simulation in surgery has greatly 
expanded over the past 20 years to fill this divide and is now commonplace for surgical 
training and fellowship programmes. This chapter explores the different modalities of 
simulation available in renal cancer surgery including the latest procedural-specific sim-
ulation platforms for both radical and partial nephrectomy. Exciting new developments 
such as 3D printing and patient-specific modelling are addressed as well as the emerging 
role of artificial intelligence. Finally, the integration of simulation into a comprehensive 
surgical training programme is explored.

Keywords: renal cancer, simulation, partial nephrectomy, radical nephrectomy, surgical 
training, robotic surgery, surgical curriculum

1. Introduction

The traditional apprenticeship style of surgical training is evolving due to a multitude of chal-
lenges. The old Halstedian mantra of ‘do one, see one, teach one’ [1] has become less accept-
able as societal and professional expectations change. Current trainees are now expected 
to achieve a similar level of competency to their mentors despite mounting restrictions on 
available training opportunities [2]. Initiatives such as the European Work Time Directive 
(EWTD) [3] have resulted in reduced working hours, and financial restrictions on healthcare 
budgets have led to increased focus on operating room efficiency. The concurrent emergence 
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budgets have led to increased focus on operating room efficiency. The concurrent emergence 
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of minimally invasive surgical techniques, such as laparoscopy and robotic-assisted surgery, 
and their associated learning curves has further compounded the issue. As a result, the devel-
opment of quality surgical training opportunities in the non-clinical setting has long been on 
the agenda of the profession, and today, surgical simulation has ascended to occupy a central 
role in the modern surgical curriculum [4, 5]. For trainees, simulation allows the opportunity 
to develop surgical skills in an environment free of risk to the patient. It overcomes the limita-
tions of operating room exposure and affords flexibility in an often chaotic work schedule. 
For trainers, the controlled nature of simulation allows objective appraisal of performance and 
progression, as well as a tailored approach to meet individual learning needs.

2. Development and validation of simulators

The ideal simulator should have a significant educational impact, improve subsequent per-
formance in the operating room, shorten the procedural learning curve and subsequently 
increase patient safety. For novices, it should offer a realistic introduction to basic techni-
cal skills, allowing part-task training, while becoming increasingly procedure-specific and 
patient-specific for the more experienced operator [6].

Simulators must be rigorously evaluated across a number of parameters before they can be 
used for training and assessment. Validity is a measure of the extent a simulator succeeds in 
teaching the skill for which it was designed [7]. An ideal simulator would perform well in all 
of the following aspects of validity [8];

• Face validity: the extent to which the simulator is realistic.

• Content validity: the extent to which the simulator’s content is representative of the skill 
required to be learnt.

• Construct validity: the extent to which experienced and novice operators can be differentiated.

• Concurrent validity: the extent to which the simulation correlates with the current gold 
standard test used to measure the skill.

• Predictive validity: the extent to which future performance can be predicted by simulator 
performance.

With the increased pressure on healthcare expenditure and efficiency, the importance of inde-
pendent and robust validation is critical to ensure that resources are invested in simulator 
platforms that provide the highest levels of educational impact [9].

3. Different modalities of simulation

Simulators can broadly be divided into two categories: physical and ‘virtual reality’ simula-
tors. Physical (or mechanical) simulators use physical objects as substitutes for patients and 
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include bench-top models, animal tissue, live animals and human cadavers. Virtual reality 
simulators use a computer-based platform with artificially generated virtual environments 
to interact [9]. This group includes the recent introduction of ‘augmented reality’ platforms, 
which integrate real-life patient data into a virtual reality environment. The range of different 
modalities, as well as their perceived advantages and disadvantages is summarised in Table 1.

Simulation 
modality

Description/
examples

Advantages Disadvantages Use in kidney cancer surgery

Bench-top 
model

Synthetic, dry-lab 
models; e.g. box 
trainers

Re-usable, 
portable, use of real 
instruments

Low fidelity: 
unrealistic

Unable to teach entire 
procedure

High fidelity: Cost

Basic laparoscopic skills

Partial Nephrectomy dry-lab models 
[11, 12]

3D printing allows tumours to be 
incorporated into models [13, 14]

Animal 
tissue

Ex-vivo animal 
tissue; e.g. 
porcine urinary 
tract

Tissue handling

Cost-effective

Single-use

Storage facilities

No blood flow

Anatomical differences

Partial nephrectomy with porcine 
kidney and various tumour-mimics 
(e.g. polystyrene ball, injection of 
liquid plastic) [15, 16]

Live 
animals

Live, 
anaesthetised 
animals; e.g. pigs, 
sheep, rabbits

Tissue handling

Ability to perform 
entire procedures

Realistic

Blood flow

Ethical concerns

Need for storage 
facilities and trained 
veterinary personnel

Single-use

Cost

Anatomical differences

Live rabbits for laparoscopic 
nephrectomy [17]

Anaesthetised pigs for nephrectomy 
and partial nephrectomy [18]

Cadaveric 
material

Fresh frozen or 
thiel-embalmed 
cadaveric 
material

Ability to perform 
entire procedures

Highest face 
validity

Cost

Availability

Single use

No blood flow

Full procedure training

(Nephrectomy and partial 
nephrectomy) [19]

Virtual-
reality

Interaction 
with computer-
generated 
environment (e.g. 
RoSS, SEP, dvSS)

Objective evaluation

Data capture

Repetitive use

Cost/maintenance

No availability when 
robot in use

Poor 3D vision

Familiarisation with robotic 
equipment and basic technical skills 
[20]

Procedure-specific simulation allows 
for procedures to be performed in 
their entirety [21, 22]

Augmented 
reality

Integration of real 
patient data into 
virtual reality 
simulation (e.g. 
HoST, Maestro 
AR)

Patient-specific 
information

Data capture

Repetitive use

Cost Patient-specific tumours 
incorporated into simulation [23]

Patient imaging or 3D surgical video 
incorporated [22, 24]

dvSS, da Vinci skills simulator; RoSS, robotic surgical simulator; HoST, Hands-On Surgical Simulator; SEP, SimSurgery 
Educational Platform; 3D, three-dimensional.

Table 1. Available simulation modalities (adapted from Aydin et al. [10]).
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3.1. Physical simulators (mechanical)

3.1.1. Bench-top/‘dry-lab’ models

Bench-top models are synthetic models that can vary from simple (i.e. peg-transfer) to more 
complex tasks (i.e. suturing and knot-tying) in order to acquire surgical skills. These are often 
incorporated into different surgical platforms via a box-trainer allowing the utilisation of 
actual surgical instruments and giving the trainee an opportunity to familiarise with the con-
trols and limitations of that platform [12]. Higher-fidelity synthetic models can be utilised for 
more advanced skills and part-procedural simulation. With the advent of 3D printing, several 
authors have described high-fidelity partial-nephrectomy models whereby tumour excision 
and renorrhaphy can be rehearsed [13, 14, 25]. Patient-specific models have even been utilised 
by expert surgeons to pre-operatively rehearse RAPN in order to determine feasibility of PN 
and predict warm-ischaemia times [26].

3.1.2. Ex-vivo animal tissue/‘wet-lab’ models

Inanimate animal tissue has been used to simulate a range of endourological, laparoscopic 
and robotic-assisted procedures ex-vivo [10]. These models utilise the actual surgical instru-
ments or console similar to dry-lab models and subsequently have similar advantages with 
regard to developing familiarity with the surgical platform. Porcine kidneys in particular 
have been utilised successfully for procedural simulation in renal cancer surgery and offer 
advantages in terms of higher-fidelity tissue handling and even the ability to be artificially 
perfused, allowing simulation of vascular control and haemostasis [16, 27]. These advantages 
need to be weighed against the special facilities required for storage and subsequent increased 
costs, which can be a limiting factor in some institutions.

3.1.3. Live animal tissue

Live animal models facilitate the closest simulation to live surgical cases and also provide 
an opportunity for whole procedural simulation. Whole-procedural simulation has the sig-
nificant advantage, allowing development in dissection technique, energy control, vascular 
control and haemostasis techniques. Several groups have even described the creation of arti-
ficial tumours in live porcine models, subsequently allowing specific procedural simulation 
for robotic-assisted partial nephrectomy (RAPN) [15, 16]. Despite these benefits, however, the 
higher costs, ethical issues and local legislative restrictions can significantly impact the avail-
ability. Subsequently, access to live animal simulation is often limited to a few programmes.

3.1.4. Cadaveric tissue

Human cadaveric material has long been used in surgical training, and it is generally 
accepted that cadaveric simulation has the highest face validity of all simulation modalities 
[19, 28]. Simulation using fresh frozen cadavers (FFCs) or thiel-embalmed cadavers (TECs) 
has shown face, content and construct validity in a range of endourological and laparoscopic 
procedures [10]. Despite utilisation in various training programmes, validation of the effec-
tiveness of cadaveric training in robotic-assisted procedures remains limited [28], and fur-
ther research in this area is needed.
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3.1.5. Virtual reality (VR) and augmented reality (AR) simulators

Robotic surgery in particular lends itself to VR simulation, and as such, there has been a 
significant development in this modality in recent times. At present, there exist a number of 
commercially available products as outlined in Table 2.

In recent years, the introduction of augmented reality (AR) simulators has provided increas-
ingly realistic and procedure-specific platforms for simulation. The two AR systems in com-
mon use are the Hands-On Surgical Training (HoST) and the Maestro AR system. HoST 

Simulation 
model

Manufacturer Focus Advantages Disadvantages

dV-Trainer Mimic 
Technologies, 
USA

Basic skills Standalone

Availability

Extensively validated [20, 
29–31]

Mechanically different hand 
controls

dvSS Intuitive 
Surgical, USA

Basic skills Fixed to console

Uses actual console

Extensively validated [32–34]

Can only be used when da 
Vinci robot not in use

RoSS/HoST Simulated 
Surgical 
Systems, USA

Basic skills, 
procedural specific 
simulation (RARP, 
cystectomy, lymph 
node dissection)

Standalone

Availability

Extensively validated [35–37]

Augmented reality procedural 
tasks (HoST)

Mechanically different hand 
controls

Cost

Limited availability outside 
USA

RobotiX 
mentor

Simbionix, 
USA

Basic skills

Procedural simulation

Standalone

Availability

Laparoscopic assistant 
module [38]

Mechanically different hand 
controls

No urological procedural 
tasks

SEP robot SimSurgery, 
Norway

Basic skills Standalone

Availability

2D vision

Mechanically different hand 
controls

Less robust validity [39]

Pro-MIS CAE 
Healthcare, 
Canada

Basic skills Standalone

VR and use with box trainers

2D vision

Originally designed for 
laparoscopy

Limited robotic validation [40]

Mechanically different hand 
controls

Maestro 
AR

Mimic 
Technologies, 
USA

Augmented Reality

Procedural simulation 
(RAPN, RARP) [22]

Standalone

Availability

Procedural simulation

Unable to manipulate surgical 
field

dV-Trainer, da Vinci trainer; dvSS, da Vinci skills simulator; RoSS, robotic surgical simulator; HoST, Hands-On Surgical 
Simulator; SEP, SimSurgery Educational Platform; 3D, three-dimensional; 2D, two-dimensional; RARP, robotic-assisted 
radical prostatectomy; RAPN, robotic-assisted partial nephrectomy.

Table 2. Available VR simulation platforms.
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(Simulated Surgical Systems, USA) incorporates a real surgical procedure into the virtual 
reality framework and guides the user through an enhanced version of the operation, with 
audio-visual illustration, haptic cues and guided movements [24]. The HoST system currently 
does not offer procedural simulation for nephrectomy or partial nephrectomy. Maestro AR 
(Mimic Technologies, USA) provides procedure-specific 3D video and interaction via virtual 
reality robotic instruments. This includes a module on partial nephrectomy that demonstrates 
face, content, construct and concurrent validity [22].

4. Procedural simulation for renal cancer

Competently performing a whole procedure requires knowledge of surgical anatomy, pro-
cedural steps and the ability to perform each surgical component. Whole procedure simula-
tion is challenging and at present time in renal surgery, it is largely limited to cadaveric and 
animal models. As a result of these limitations part-procedural simulation, where a particular 
procedural step is simulated (i.e. tumour excision or renorraphy), has advanced significantly 
over the last decade. The majority of these models are bench-top, either wet or dry, and have 
the advantage of being able to be utilised for open, laparoscopic and robotic platforms. The 
following section aims to explore the models available for radical and partial nephrectomy.

4.1. Radical nephrectomy

Radical nephrectomy remains the most utilised treatment approach for renal malignancy 
[41, 42]. Traditionally performed as an open procedure, laparoscopic radical nephrectomy has 
become widespread due to the benefits of shorter convalescence and less procedural morbid-
ity [42]. The initial experience with laparoscopy was technically challenging, and the learn-
ing curve and associated complication rates for novice surgeons were a significant barrier to 
uptake [43]. Developments in training and simulation subsequently followed in an attempt to 
provide an adjunct for skill development outside of the operating theatre [44, 45]. At present 
there are a vast array of simulators available for acquiring laparoscopic skills with extensive 
validation ranging from box trainers to develop basic skills, to whole procedural simulation 
on live animals and VR platforms.

4.1.1. Physical simulation

The first clinical laparoscopic radical nephrectomy (LRN) was performed in 1990 by Clayman 
and colleagues [46] after extensive experimentation on porcine models. The benefits of animal 
models for teaching dissection, tissue handling, haemostasis and vascular control are sig-
nificant, and subsequently this simulation modality remains central to the development and 
dissemination of minimally invasive surgical techniques [47].

Molinas and colleagues [17] demonstrated the validity of live simulation in LRN using a 
rabbit model. Ten gynaecologists and 10 medical students each performed 20 laparoscopic 
nephrectomies over a 20-day training course. The overall time required to perform the LRN 
decreased from 44 ± 18 to 11 ± 2 minutes for the first and the last procedure, respectively, and 
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complication rates similarly decreased. Despite the rabbit’s smaller size compared to pigs for 
example, pneumoperitoneum was able to be established, and conventional instruments were 
used for all procedures. Reduction in acquisition and handling costs associated with the rab-
bits allowed the authors to provide a more prolonged period of training demonstrating the 
impact of repetition on learning curves and complication rates.

Cruz and colleagues [48] assessed the impact of repeated LRN in the porcine model on overall 
surgical performance among established surgeons. Six urologists with limited laparoscopic 
experience were recruited to perform a live porcine LRN weekly for 10 weeks. Surgical 
performance was judged quantitatively including total operative time and estimated blood 
loss. Qualitative measures were also assessed using the Global Operative Assessment of 
Laparoscopic Skills (GOALS) including depth perception, dexterity, efficiency, tissue han-
dling and autonomy. Over the course of the study, blood loss, depth perception and dexterity 
showed statistically significant improvements. The remaining domains including operative 
time showed no statistical improvement.

4.1.2. Virtual reality

Despite the obvious benefits of high-fidelity animal models, the costs and associated ethical 
issues restrict access which is often limited to several day courses. A high-fidelity virtual real-
ity LRN simulation platform has obvious advantages in overcoming some of these barriers. 
The LAP Mentor (Simbionix, USA) and LapSim (Surgical Sciences, Sweden) are two com-
mercially available laparoscopic simulators, which provide VR laparoscopic training includ-
ing a full nephrectomy module. While both simulators have been validated in terms of basic 
laparoscopic skills [49, 50], the nephrectomy modules remain to be formally scientifically 
assessed. Despite this, these simulators provide full procedure simulation that is reproducible 
and able to provide feedback on performance metrics such as economy of motion, procedure 
time and error rates. These metrics have potential utility in assessing progression and setting 
benchmarks for training curriculums.

4.2. Partial nephrectomy

With the advent of widespread cross-sectional imaging, there has been a surge in incidental 
detection of small renal masses. This has subsequently led to increased utilisation of partial 
nephrectomy (PN) in order to preserve normal renal parenchyma in these otherwise well 
patients [51]. PN is a technically challenging operation with a significant learning curve 
and variability unrivalled by almost any other frequently performed kidney procedure [52]. 
Perhaps, most challenging, however, is the time-critical nature of PN. The vast blood supply to 
the kidney means bleeding is a significant intraoperative risk and efficient excision, and renor-
rhaphy is therefore crucial. Furthermore, prolonged warm ischaemia is deleterious to healthy 
renal tissue and can impact post-operative renal function [53, 54]. Finally, each tumour is 
highly variable in size, location and relation to critical structures, making oncological excision 
a persistent challenge even for experienced surgeons. For these reasons, training in PN is 
subsequently fraught with complexity, and mentors must try and negotiate sometimes the 
discordant goals of training with patient safety. Simulation for PN has rapidly progressed in 
response to this dilemma, and the availability of PN models is becoming more widespread.
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become widespread due to the benefits of shorter convalescence and less procedural morbid-
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dissemination of minimally invasive surgical techniques [47].

Molinas and colleagues [17] demonstrated the validity of live simulation in LRN using a 
rabbit model. Ten gynaecologists and 10 medical students each performed 20 laparoscopic 
nephrectomies over a 20-day training course. The overall time required to perform the LRN 
decreased from 44 ± 18 to 11 ± 2 minutes for the first and the last procedure, respectively, and 
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complication rates similarly decreased. Despite the rabbit’s smaller size compared to pigs for 
example, pneumoperitoneum was able to be established, and conventional instruments were 
used for all procedures. Reduction in acquisition and handling costs associated with the rab-
bits allowed the authors to provide a more prolonged period of training demonstrating the 
impact of repetition on learning curves and complication rates.

Cruz and colleagues [48] assessed the impact of repeated LRN in the porcine model on overall 
surgical performance among established surgeons. Six urologists with limited laparoscopic 
experience were recruited to perform a live porcine LRN weekly for 10 weeks. Surgical 
performance was judged quantitatively including total operative time and estimated blood 
loss. Qualitative measures were also assessed using the Global Operative Assessment of 
Laparoscopic Skills (GOALS) including depth perception, dexterity, efficiency, tissue han-
dling and autonomy. Over the course of the study, blood loss, depth perception and dexterity 
showed statistically significant improvements. The remaining domains including operative 
time showed no statistical improvement.

4.1.2. Virtual reality

Despite the obvious benefits of high-fidelity animal models, the costs and associated ethical 
issues restrict access which is often limited to several day courses. A high-fidelity virtual real-
ity LRN simulation platform has obvious advantages in overcoming some of these barriers. 
The LAP Mentor (Simbionix, USA) and LapSim (Surgical Sciences, Sweden) are two com-
mercially available laparoscopic simulators, which provide VR laparoscopic training includ-
ing a full nephrectomy module. While both simulators have been validated in terms of basic 
laparoscopic skills [49, 50], the nephrectomy modules remain to be formally scientifically 
assessed. Despite this, these simulators provide full procedure simulation that is reproducible 
and able to provide feedback on performance metrics such as economy of motion, procedure 
time and error rates. These metrics have potential utility in assessing progression and setting 
benchmarks for training curriculums.

4.2. Partial nephrectomy

With the advent of widespread cross-sectional imaging, there has been a surge in incidental 
detection of small renal masses. This has subsequently led to increased utilisation of partial 
nephrectomy (PN) in order to preserve normal renal parenchyma in these otherwise well 
patients [51]. PN is a technically challenging operation with a significant learning curve 
and variability unrivalled by almost any other frequently performed kidney procedure [52]. 
Perhaps, most challenging, however, is the time-critical nature of PN. The vast blood supply to 
the kidney means bleeding is a significant intraoperative risk and efficient excision, and renor-
rhaphy is therefore crucial. Furthermore, prolonged warm ischaemia is deleterious to healthy 
renal tissue and can impact post-operative renal function [53, 54]. Finally, each tumour is 
highly variable in size, location and relation to critical structures, making oncological excision 
a persistent challenge even for experienced surgeons. For these reasons, training in PN is 
subsequently fraught with complexity, and mentors must try and negotiate sometimes the 
discordant goals of training with patient safety. Simulation for PN has rapidly progressed in 
response to this dilemma, and the availability of PN models is becoming more widespread.
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4.2.1. Physical simulation

Tumour-mimic models for PN rose to prominence in the initial laparoscopic era in response to 
the technically challenging nature of the procedure and associated learning curve. Taylor and 
colleagues [55] described one of the earliest models in 2004, whereby a pigmented mixture 
was injected into a series of ex-vivo and in-vivo porcine kidneys. The authors were able to 
create a variety of lesions both endo- and exophytic with a mean size of 10 mm. This model 
was not formally assessed as part of a training programme but established the feasibility of 
artificial tumour creation. Hidalgo et al. [15] similarly described the creation of an in-vivo 
porcine PN model through the percutaneous injection of a liquefied plastic solution into the 
subscapular renal space to create exophytic lesions. This model was evaluated as part of a 
laparoscopic training programme and found to enhance the learning experience in 96% of 
participants. While advantageous for the novice, the inability of these techniques to create 
large endophytic or central lesions may limit the utility to more advanced surgeons.

Yang et al. [27] described an ex-vivo porcine model, whereby the kidney was secured to a spe-
cifically designed box for use with a laparoscopic trainer. The renal vessels were preserved, 
and simulated vascular perfusion was achieved through infusion of red-dyed water through 
the artery. Urology trainees were requested to excise a 2 cm spherical piece of renal paren-
chyma and then complete renorrhaphy. The model was validated by five urology trainees, 
each of whom completed 10 attempts at the LPN model over a 20-day period. Trainees dem-
onstrated a decrease in the total operative and renorrhaphy times with progressive attempts, 
as well as increase in the quality of the PN as assessed by two blinded experts. Trainees also 
reported an improvement in their confidence to perform a LPN, particularly with respect to 
tissue manipulation, intra-corporeal suturing and knot tying.

The proliferation of robotic-assisted surgery has helped overcome many of the barriers associ-
ated with LPN, resulting in shorter learning curves and subsequent growth in this area [56]. 
Eun and colleagues [57] described a novel technique for creating renal tumour mimics for 
RAPN in addition to a renal vein/inferior vena cava (IVC) tumour model for tumour throm-
bectomy. A tumour-mimic mixture was percutaneously injected into eight live pigs and one 
human cadaver in order to create 33 renal pseudotumours. A renal vein thrombus model was 
also created by injecting the material into the renal vein while clamped and allowing this to 
solidify. In addition, a renal-vein thrombus with extension into the IVC was created through 
partial clamping of the IVC with a long, curved bulldog clamp. Subsequent robotic radical 
nephrectomy with excision of the involved IVC cuff and IVC reconstruction was performed. 
This model was not validated by the authors but was the first demonstration of the feasibility 
of artificial renal vein and IVC tumour thrombus creation. While all procedures in this paper 
were performed robotically, such a model could be beneficial in both laparoscopic and open 
surgery.

Hung and colleagues [16] devised a novel robotic specific model for RAPN using an ex-vivo 
porcine kidney embedded with a 3.8 cm Styrofoam ball to mimic an exophytic renal tumour. 
The model task included tumour excision with a parenchymal margin but did not incorporate 
renorrhaphy. Forty-six participants were classified into 3 groups for validation, 24 novices 
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(no robotic cases), 9 intermediates (1–100 robotic cases), and 13 experts (>100 robotic cases). 
Among expert surgeons, the model demonstrated excellent face and content validity. Experts 
rated the applicability for advanced surgeons as lower, however, which likely reflects the lack 
of renorrhaphy and haemostasis component associated with the simulation.

The recent advent of rapid prototyping (3D-printing) has allowed the formation of synthetic 
surgical renal tumour models. Several groups have already demonstrated that high-fidelity 
3D printed renal models can be created using specialised software to import diagnostic cross-
sectional imaging [26, 58]. Monda and colleagues [14] recently developed and validated a 
silicone tumour model from a 3D printed cast of a kidney with a tumour. A medium complex-
ity tumour was selected from a patient who had previously undergone RAPN at the authors’ 
institution, and a 3D printed negative-volume mould was created. Following this, tumour 
models could be repeatedly cast with silicone using this mould. The model was validated by 
surgeons of different training levels and demonstrated face, construct, and content validity. 
Through the use of a 3D printed mould, the authors were able to subsequently reproduce 
multiple models reliably with minimal cost.

Von Rundstedt et al. [26] used advanced 3D printing to create a high-fidelity, patient-spe-
cific, synthetic renal tumour model for the purposes of surgical rehearsal prior to actual 
RAPN. Surgical models were created for 10 patients and the same surgeon performed all 
rehearsals and actual RAPNs. The resection times and resection volumes were compared 
between rehearsal and live procedure and found to be predictive. Being able to predict, 
excision time has significant implications and could be utilised in assessing the feasibility of 
more complex masses for PN within an acceptable warm-ischaemia time. Furthermore, the 
authors reported altering their actual surgical approach in several patients based on difficul-
ties encountered with tumour excision in the simulated rehearsal.

Maddox and colleagues [13] used a slightly different process to construct patient-specific 
tumour models by 3D printing an outer polymer ‘shell’ which was subsequently filled with 
an agarose gel solution to resemble normal renal parenchyma. The renal mass of inter-
est, as well as critical structures such as renal vasculature and collecting system, was able 
to be pigmented to distinguish them from the normal parenchyma. It is very conceivable 
that 3D-printed bench models may ultimately decrease the learning curve and potentially 
improve surgical outcomes; however, further studies are needed to fully elucidate this effect. 
Current limitations include the lack of ‘real-life’ confounders such as perinephric fat and an 
active blood supply; however, it is very possible that these could be overcome in the future.

4.2.2. Virtual reality

No PN specific whole procedure VR simulation is commercially available at present. In an 
attempt to bridge the gap, Hung and colleagues [22] developed and validated an augmented 
reality platform now commercially available as Maestro AR (Mimic Technologies, USA). In 
this ‘hybrid’ model, augmented reality and virtual reality were combined to create a proce-
dural specific platform that aimed to teach surgical anatomy, procedural steps and opera-
tive skills. High-definition actual surgical video of a full length RAPN was embedded with 
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4.2.1. Physical simulation
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subscapular renal space to create exophytic lesions. This model was evaluated as part of a 
laparoscopic training programme and found to enhance the learning experience in 96% of 
participants. While advantageous for the novice, the inability of these techniques to create 
large endophytic or central lesions may limit the utility to more advanced surgeons.

Yang et al. [27] described an ex-vivo porcine model, whereby the kidney was secured to a spe-
cifically designed box for use with a laparoscopic trainer. The renal vessels were preserved, 
and simulated vascular perfusion was achieved through infusion of red-dyed water through 
the artery. Urology trainees were requested to excise a 2 cm spherical piece of renal paren-
chyma and then complete renorrhaphy. The model was validated by five urology trainees, 
each of whom completed 10 attempts at the LPN model over a 20-day period. Trainees dem-
onstrated a decrease in the total operative and renorrhaphy times with progressive attempts, 
as well as increase in the quality of the PN as assessed by two blinded experts. Trainees also 
reported an improvement in their confidence to perform a LPN, particularly with respect to 
tissue manipulation, intra-corporeal suturing and knot tying.

The proliferation of robotic-assisted surgery has helped overcome many of the barriers associ-
ated with LPN, resulting in shorter learning curves and subsequent growth in this area [56]. 
Eun and colleagues [57] described a novel technique for creating renal tumour mimics for 
RAPN in addition to a renal vein/inferior vena cava (IVC) tumour model for tumour throm-
bectomy. A tumour-mimic mixture was percutaneously injected into eight live pigs and one 
human cadaver in order to create 33 renal pseudotumours. A renal vein thrombus model was 
also created by injecting the material into the renal vein while clamped and allowing this to 
solidify. In addition, a renal-vein thrombus with extension into the IVC was created through 
partial clamping of the IVC with a long, curved bulldog clamp. Subsequent robotic radical 
nephrectomy with excision of the involved IVC cuff and IVC reconstruction was performed. 
This model was not validated by the authors but was the first demonstration of the feasibility 
of artificial renal vein and IVC tumour thrombus creation. While all procedures in this paper 
were performed robotically, such a model could be beneficial in both laparoscopic and open 
surgery.

Hung and colleagues [16] devised a novel robotic specific model for RAPN using an ex-vivo 
porcine kidney embedded with a 3.8 cm Styrofoam ball to mimic an exophytic renal tumour. 
The model task included tumour excision with a parenchymal margin but did not incorporate 
renorrhaphy. Forty-six participants were classified into 3 groups for validation, 24 novices 
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(no robotic cases), 9 intermediates (1–100 robotic cases), and 13 experts (>100 robotic cases). 
Among expert surgeons, the model demonstrated excellent face and content validity. Experts 
rated the applicability for advanced surgeons as lower, however, which likely reflects the lack 
of renorrhaphy and haemostasis component associated with the simulation.

The recent advent of rapid prototyping (3D-printing) has allowed the formation of synthetic 
surgical renal tumour models. Several groups have already demonstrated that high-fidelity 
3D printed renal models can be created using specialised software to import diagnostic cross-
sectional imaging [26, 58]. Monda and colleagues [14] recently developed and validated a 
silicone tumour model from a 3D printed cast of a kidney with a tumour. A medium complex-
ity tumour was selected from a patient who had previously undergone RAPN at the authors’ 
institution, and a 3D printed negative-volume mould was created. Following this, tumour 
models could be repeatedly cast with silicone using this mould. The model was validated by 
surgeons of different training levels and demonstrated face, construct, and content validity. 
Through the use of a 3D printed mould, the authors were able to subsequently reproduce 
multiple models reliably with minimal cost.

Von Rundstedt et al. [26] used advanced 3D printing to create a high-fidelity, patient-spe-
cific, synthetic renal tumour model for the purposes of surgical rehearsal prior to actual 
RAPN. Surgical models were created for 10 patients and the same surgeon performed all 
rehearsals and actual RAPNs. The resection times and resection volumes were compared 
between rehearsal and live procedure and found to be predictive. Being able to predict, 
excision time has significant implications and could be utilised in assessing the feasibility of 
more complex masses for PN within an acceptable warm-ischaemia time. Furthermore, the 
authors reported altering their actual surgical approach in several patients based on difficul-
ties encountered with tumour excision in the simulated rehearsal.

Maddox and colleagues [13] used a slightly different process to construct patient-specific 
tumour models by 3D printing an outer polymer ‘shell’ which was subsequently filled with 
an agarose gel solution to resemble normal renal parenchyma. The renal mass of inter-
est, as well as critical structures such as renal vasculature and collecting system, was able 
to be pigmented to distinguish them from the normal parenchyma. It is very conceivable 
that 3D-printed bench models may ultimately decrease the learning curve and potentially 
improve surgical outcomes; however, further studies are needed to fully elucidate this effect. 
Current limitations include the lack of ‘real-life’ confounders such as perinephric fat and an 
active blood supply; however, it is very possible that these could be overcome in the future.

4.2.2. Virtual reality

No PN specific whole procedure VR simulation is commercially available at present. In an 
attempt to bridge the gap, Hung and colleagues [22] developed and validated an augmented 
reality platform now commercially available as Maestro AR (Mimic Technologies, USA). In 
this ‘hybrid’ model, augmented reality and virtual reality were combined to create a proce-
dural specific platform that aimed to teach surgical anatomy, procedural steps and opera-
tive skills. High-definition actual surgical video of a full length RAPN was embedded with 
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interactive VR exercises and virtual instruments in five modules: colon mobilisation, kocheri-
sation of duodenum, hilar dissection, kidney mobilisation, tumour resection and renorrha-
phy. In the final module, an embedded VR exercise was developed, whereby a mobile sponge 
could be manipulated around a central pivot point (renal hilum) and sutured. This platform 
was internally validated throughout development, and concurrent validity was assessed by 
comparison to an in-vivo porcine model. Expert surgeons rated the platform a useful tool for 
training residents and fellows particularly with respect to teaching the steps of the procedure 
and surgical anatomy. Performance in the VR renorrhaphy task correlated with that of the in-
vivo porcine model in the intermediate and expert groups. While this platform is a significant 
progression towards procedure-specific VR simulation, further advances are needed before 
this could feasibly replace wet lab training. Allowing the user to alter the surgical view and 
perform embedded tasks for each step of the procedure would likely increase validity.

5. Training in renal cancer surgery

With substantial progress having being made in surgical simulation, the next challenge is 
formally integrating this into surgical training programmes. At present, access to simulation 
is often limited and certainly is not routinely incorporated into trainee assessment and techni-
cal skill development [59]. The learning curves for minimally invasive renal cancer surgery 
and in particular partial nephrectomy are well documented, and subsequently complications 
early in the surgical experience are more likely [43]. Progressing training surgeons along the 
learning curve in the safety of the simulation environment has obvious benefits to patient out-
comes. Simulators can also be utilised at the convenience of the trainee accommodating the-
atre and on-call commitments and local work-time directives. Furthermore, multiple studies 
have demonstrated the positive attitude of trainees towards simulation with benefits reported 
in learning anatomy, procedural steps, skill acquisition and confidence for subsequent perfor-
mance in the operating theatre [19].

An ideal training programme needs to match the trainee with appropriate levels of simulation 
and operating theatre exposure [60]. Initially, trainees should acquire basic skills on lower 
fidelity VR simulators, with higher fidelity bench models and whole procedure simulation on 
live animals or human cadavers introduced with subsequent progression [10]. Advancement 
through simulation platforms should be coupled with, or followed by, a modular training 
programme for live operative cases. Modular training involves the breakdown of a procedure 
into sequential steps of increasing difficulty. Novice trainees begin with a period of observa-
tion and assistance and subsequently progress through each graded step of the procedure 
[61]. Under this structure, a whole procedure shall only be attempted once a trainee has indi-
vidually mastered all steps of the procedure.

The European Association of Urology (EAU) Robotic Urology Section (ERUS) training cur-
riculum has been endorsed by British Association of Urological Surgeons (BAUS) and incor-
porates such an approach (Figure 1) [62]. This programme has already been validated for 
robotic-assisted radical prostatectomy [63].
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At completion of the programme, mentors have a duty of care to the public to ensure trainees 
are competent. Accreditation of robotic programmes is not uniform, and formal assessment of 
the trainee on completion of many fellowships is not performed. Through the centralisation of 
programmes such as ERUS Robotic Curriculum, trainees can be assessed against a benchmark 
for safety and surgical quality. At a minimum, trainees should document the completed steps 
of procedures and meet minimum caseload requirements that correspond to the estimated 
learning curve for that procedure [64]. Outcome measures are a useful surrogate marker of 
surgical quality, and for RAPN, these are shown in Table 3 [64].

6. Future directions

Robotic surgery is set to become even more widespread as new competitors enter the market 
and the demand for training will subsequently increase [65]. Surgical simulation will no doubt 
play a critical role meeting this demand, and an increase in the commercial availability of new 
platforms is anticipated. The ultimate simulation platform would be high-fidelity, low cost, 
readily available and translate to improved performance in the operating theatre. The valida-
tion process for new developments needs to be robust as resources are finite, and training 
time needs to be optimised. Even with the recent advancements in simulation, only limited 

Figure 1. Proposed pathway for robotic training (reproduced with permission from BAUS robotic curriculum) [62].

Quality indicator Proposed standard

Operative time <200 min

Warm ischaemia time <25 min

Estimated blood loss <150 mL

Complication rate <15%

Table 3. Proposed standards for outcomes on completion of robotic training.
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vivo porcine model in the intermediate and expert groups. While this platform is a significant 
progression towards procedure-specific VR simulation, further advances are needed before 
this could feasibly replace wet lab training. Allowing the user to alter the surgical view and 
perform embedded tasks for each step of the procedure would likely increase validity.
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is often limited and certainly is not routinely incorporated into trainee assessment and techni-
cal skill development [59]. The learning curves for minimally invasive renal cancer surgery 
and in particular partial nephrectomy are well documented, and subsequently complications 
early in the surgical experience are more likely [43]. Progressing training surgeons along the 
learning curve in the safety of the simulation environment has obvious benefits to patient out-
comes. Simulators can also be utilised at the convenience of the trainee accommodating the-
atre and on-call commitments and local work-time directives. Furthermore, multiple studies 
have demonstrated the positive attitude of trainees towards simulation with benefits reported 
in learning anatomy, procedural steps, skill acquisition and confidence for subsequent perfor-
mance in the operating theatre [19].

An ideal training programme needs to match the trainee with appropriate levels of simulation 
and operating theatre exposure [60]. Initially, trainees should acquire basic skills on lower 
fidelity VR simulators, with higher fidelity bench models and whole procedure simulation on 
live animals or human cadavers introduced with subsequent progression [10]. Advancement 
through simulation platforms should be coupled with, or followed by, a modular training 
programme for live operative cases. Modular training involves the breakdown of a procedure 
into sequential steps of increasing difficulty. Novice trainees begin with a period of observa-
tion and assistance and subsequently progress through each graded step of the procedure 
[61]. Under this structure, a whole procedure shall only be attempted once a trainee has indi-
vidually mastered all steps of the procedure.

The European Association of Urology (EAU) Robotic Urology Section (ERUS) training cur-
riculum has been endorsed by British Association of Urological Surgeons (BAUS) and incor-
porates such an approach (Figure 1) [62]. This programme has already been validated for 
robotic-assisted radical prostatectomy [63].
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for safety and surgical quality. At a minimum, trainees should document the completed steps 
of procedures and meet minimum caseload requirements that correspond to the estimated 
learning curve for that procedure [64]. Outcome measures are a useful surrogate marker of 
surgical quality, and for RAPN, these are shown in Table 3 [64].

6. Future directions

Robotic surgery is set to become even more widespread as new competitors enter the market 
and the demand for training will subsequently increase [65]. Surgical simulation will no doubt 
play a critical role meeting this demand, and an increase in the commercial availability of new 
platforms is anticipated. The ultimate simulation platform would be high-fidelity, low cost, 
readily available and translate to improved performance in the operating theatre. The valida-
tion process for new developments needs to be robust as resources are finite, and training 
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evidence exists to establish the correlation between simulation performance and actual intra-
operative performance [66]. This is the ultimate end-goal of the simulation process, and future 
research needs to focus on establishing this link.

Patient-specific simulation has already arrived with the advent of 3D printing, and progress 
in this field is likely to be rapid as the technology becomes more readily available and cost 
effective [14, 26, 58]. It is conceivable that in the near future, patient’s anatomical and onco-
logical variations will be able to be reproduced in a model with incredible accuracy and detail. 
Advancements in model complexity are also anticipated, and the possibility of incorporating 
perinephric fat and vascular perfusion will no doubt increase the utility of this technology.

Finally, artificial intelligence (AI) has had large impacts outside of medicine and is starting 
to be adapted into the surgical field. From autonomous surgery to virtual assistants, the pos-
sibilities are seemingly infinite. Of particular interest in training and simulation is the use of 
machine learning algorithms to assess and track surgical performance. These algorithms are 
able to rapidly analyse vast quantities of data in order to determine relationships that may 
not be apparent to the human eye or traditional statistical methodology [67]. Recently, Hung 
and colleagues [68] were able to use intraoperative data captured from a recording device 
(dVLogger; Intuitive Surgical, Inc.) to develop automated performance metrics (APMs) for 
robotic prostatectomy. Using these APMs, the authors were able to predict clinical outcomes 
including length of stay, procedural time and catheter duration. Such sophisticated proce-
dural feedback could be very beneficial for training purposes and allow bespoke tailoring of 
training based on the identified needs of the individual.
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evidence exists to establish the correlation between simulation performance and actual intra-
operative performance [66]. This is the ultimate end-goal of the simulation process, and future 
research needs to focus on establishing this link.
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in this field is likely to be rapid as the technology becomes more readily available and cost 
effective [14, 26, 58]. It is conceivable that in the near future, patient’s anatomical and onco-
logical variations will be able to be reproduced in a model with incredible accuracy and detail. 
Advancements in model complexity are also anticipated, and the possibility of incorporating 
perinephric fat and vascular perfusion will no doubt increase the utility of this technology.

Finally, artificial intelligence (AI) has had large impacts outside of medicine and is starting 
to be adapted into the surgical field. From autonomous surgery to virtual assistants, the pos-
sibilities are seemingly infinite. Of particular interest in training and simulation is the use of 
machine learning algorithms to assess and track surgical performance. These algorithms are 
able to rapidly analyse vast quantities of data in order to determine relationships that may 
not be apparent to the human eye or traditional statistical methodology [67]. Recently, Hung 
and colleagues [68] were able to use intraoperative data captured from a recording device 
(dVLogger; Intuitive Surgical, Inc.) to develop automated performance metrics (APMs) for 
robotic prostatectomy. Using these APMs, the authors were able to predict clinical outcomes 
including length of stay, procedural time and catheter duration. Such sophisticated proce-
dural feedback could be very beneficial for training purposes and allow bespoke tailoring of 
training based on the identified needs of the individual.
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Abstract

Augmented reality(AR) is the concept of a digitally created perception that enhances 
components of the real-world to allow better engagement with it. Within healthcare, 
there has been a recent expansion of AR solutions, especially in the field of surgery. 
Traditional renal cancer surgery has been largely replaced by minimally invasive laparo-
scopic (or robotic) partial nephrectomies. This has meant loss of certain intra-operative 
experiences such as haptic feedback and AR can aid this replacement with enhanced 
visual and patient-specific feedback. The kidney is a dynamic organ and current AR 
development has revolved around specific surgical stages such as safe arterial clamping 
and perfecting tumour margins. This chapter discusses the current state of AR technol-
ogy in these areas with key attention to the aspects of image registration, organ track-
ing, tissue deformation and live imaging. The chapter then discusses limitations of AR, 
such as intentional blindness and depth perception and provides potential future ideas 
and solutions. These include inventions such as AR headsets and 3D-printed renal mod-
els (with the possibility of remote surgical intervention). AR provides a very positive 
outcome for the future of truly minimally invasive renal surgery. However, current AR 
needs validation, cost evaluation and thorough planning before being safely integrated 
into everyday surgical practice.

Keywords: augmented reality, AR, nephrectomies, partial nephrectomies,  
image registration, surface registration, organ tracking, tissue deformation,  
renal artery clamping, safe selective arterial clamping, precise tumour margin,  
live imaging, virtual reality, AR headset, 3D printing

1. What is augmented reality?

The term “augmented reality” was coined by the Boeing researcher, Thomas Caudell in 1990 
to describe a projection of digital graphics onto a physical working space for use by aircraft 
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engineers [1]. Augmented reality (AR) has come a long way since, however the fundamental 
idea remains the same: working in a real-world environment where the components of the 
environment are enhanced by a digitally-created perception. This perception can include mul-
tiple sensory inputs including visual, auditory, haptic, somatosensory and olfactory senses.

In healthcare, AR progression has involved a wide range of medical areas—from aiding clinic 
appointments by easy access to electronic health records and patient times, to wearable glasses 
that help teach life-skills to children on the autism spectrum [2]. However, it seems that the 
biggest expansion of AR is seen in enhancing surgical procedures. Project DR is one such devel-
opment—internal organs as 3D reconstructions of the patient’s anatomy are projected onto the 
patient’s skin and this allows a constant view of the person’s anatomy that moves with patient 
in real time. This is achieved by the amalgamation of CT/MRI imaging, motion-sensing infra-
red sensors and projectors all working as one unit [3]. Another example is the use of Microsoft’s 
HoloLens glasses for trauma and plastic surgeries (Imperial College London and St Mary’s 
Hospital). The “hologram” (made from pre-op imaging) through the lens of the glasses proj-
ects onto the patient’s skin and allows a “mixed reality” which lets the surgeon track the path-
ways of the various blood vessels and bones to be operated upon [4]. This technology promises 
to let surgeons carefully plan and execute breast reconstruction surgeries in the future. Google 
glass is another extensively used example of AR. The ‘glasses’ allow an augmented field of 
view and surgeons have used these for all purposes from navigation tools to display ultra-
sound imaging, to remote videoconferencing in intraoperative communication [5].

2. Augmented reality vs. virtual reality?

Whilst augmented reality is technology that overlays on the reality that already exists around 
us, virtual reality (VR) is a complete replacement of the real world with a simulated one. This 
means that AR allows us to interact and work with the real world, whilst getting an enhanced 
input from an informed digital world.

VR has shown to be a great teaching tool. Moglia et al. [6] found that subjects trained on virtual 
simulators were better than the control group (using conventional methods). An example is the 
Uro Tainer, a validated simulator for teaching transurethral resection of bladder tumours [7]. VR 
has not only shown promise in surgery, but also other areas like simulation of shock trauma cen-
tres (where surgeons can be trained in high pressured environments) [8] and Virtual Environment 
for Radiotherapy Training (VERT)—a system built to reduce anxiety in breast cancer patients [9].

3. VR in kidney cancer

Within renal cancer, a VR system has been developed by Rai et al. that enhances the novice’s 
ability to localise renal tumour margins [10]. Specific to nephrectomies, Makiyama et al. [11] 
have developed a VR “rehearsal” simulator for surgeons that plans for anatomical abnormali-
ties and incorporates haptic feedback for pre-operative training. Ueno et al. have developed 
VR addressing another aspect of nephrectomies—reducing postoperative urine leakage by 
predicting open urinary tracts on preoperative 3D CT—reconstructions [12]. Whereas, VR 
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might be a great teaching tool in simulated nephrectomies, AR is the platform for practise of 
medicine and surgery—on real people.

4. Augmented reality in renal cancer

In renal cancer surgery, open nephrectomies for the most part, have been replaced by minimally 
invasive laparoscopic surgeries. This has led to many positive outcomes, including decreased 
intra-op blood loss and shorter hospital stay [13]. Furthermore, partial nephrectomies have 
shown an overall improved survival over radical nephrectomies, [14] and this has been made 
possible due to crucial development in laparoscopic and robotic-assisted surgery [15]. However, 
there have also been some drawbacks. One of these is the loss of haptic feedback that would usu-
ally allow the surgeon to manoeuvre intra-operatively and make instinctive decisions. AR can aid 
the loss in this feedback sense by replacing it with an enhancement in another—the visual sense.

AR systems exist that allow surgeons to see detailed anatomical structures on the surface of 
the organ by projecting pre-operative CT/MRI images onto a live laparoscopic video. This 
allows the view of the patient-unique renal anatomy, it’s neighbouring structures and its rela-
tion to the rest of the intra-abdominal anatomy [16]. Having this added information can aid 
the surgeon in planning and executing an accurate and precise partial or total nephrectomy. 
Exact areas to be incised can be planned and damage to nearby delicate structures such as 

Figure 1. An illustration showing the basic components involved in AR. “the basic method is to superimpose a computer 
generated image on a real-world imagery captured by a camera and displaying the combination of these on a computer, 
tablet PC or a video projector. The main advantage of AR is that the surgeon is not forced to look away from the surgical 
site as opposed to common visualisation techniques.” Adapted from: ‘Recent Development of Augmented Reality in 
Surgery: A Review’ [20].
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renal vasculature and ureters can be reduced. AR can also reduce excision margins—to spare 
as many well-functioning nephrons and reduce the risk and progression of chronic renal 
insufficiency [17] (Figure 1).

For an AR system to be ideal, the full length of a surgical procedure need to be “augmented.” 
This requires 3 essential features (as adapted by a recent review by Hughes-Hallet et al. [18]): 
image registration, organ tracking and adapting to intra-operative tissue deformation. In the 
following chapter, I will describe, in detail, these aspects of AR specific to nephrectomies.

5. Image registration

This is the process where a medical imaging is aligned with the patient’s anatomy to form a 
visually projected overlay. This can be done through various methods, but the fundamentals 
rely upon multiple data points being processed to align medical imaging with the best cor-
responding surface-landmarks on an organ/patient’s anatomy.

Image registration can be used in pre-operative planning stage and in the intra-operative 
stage. The planning stage involves using the combined imaging overlay (of CT scans and 
MRIs) onto the kidney to identify key structures of importance—hilar vasculature, the spatial 
attributes of the kidney and their relationship with the renal collecting system. This helps 
build a roadmap of what the surgery will involve and although it does not require accuracy to 
the millimetre (as is involved in the intra-operative phase) it allows a pretty good estimation 
to the planned steps in surgery.

The intra-operative stage requires higher precision image registration and more importantly, 
dynamic correspondence with the moving organ. This is to allow tumour resection margins 
that can be accurate to the millimetre.

Hughes-Hallet [18] classify image registration used by AR developers into 3 main subtypes: 
manual registration, surface-based registration and 3D registration (Figure 2).

Manual registration is the simplest method where the surgeon uses their anatomical knowl-
edge to align a projected imaging onto the organ. Examples of this method have involved: fus-
ing 3D reconstructions with live operative view, projecting intra-abdominal anatomy onto the 
skin and colour coded projection to highlight “safe zones” of resection margins. These have 
offered quite a hands-on approach with relatively little planning compared to other registra-
tion methods—allowing a low barrier to entry, good anatomical orientation and relatively 
good awareness of disease-free parenchyma. Manual registration does not allow accurate 
estimates of tumour margins and is mostly limited to the planning phase.

Surface based registration method involves using a tracked instrument to build a topographical 
map of the internal organ. This has been most extensively used in robotic partial nephrec-
tomy—an example being the da Vinci robot. The laparoscopic instrument tip of the robot can 
touch a point on the live kidney and this information along with the joint positions sense of 
the robotic arms can calculate a position in space to build a surface anatomy of the kidney. 
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The surface anatomy can then be correlated with 3D reconstruction imaging of the patient 
and projected onto the surgeon’s operating view.

This method is a form of internal tracking relying on a good tracking instrument and accurate 
computer algorithms to provide the correct position of the organ being operated on. Errors in 
the estimated spatial position of the instrument tip can create unsafe image registration that 
would be inaccurate for tumour margins of partial nephrectomies.

This registration method is more accurate than manual registration as it provides automation 
and reduces the surgical workload. However, there are still areas for improvement such as 
better tracking methods. External tracking, where the organ is tracked from the outside is 
another method. Examples include optical, magnetic and laser but there are inherent draw-
backs such as optical tracking requires a direct line of sight and magnetic tracking requiring 
physical placement of a tracer in the organ.

A recent advancement in surface-based registration was developed by Edgcumbe et al. where 
a miniature laser projector called ‘Pico lantern’ can be dropped into the patient’s abdomen. It 
can then be picked up by laparoscopic instruments and perform surface recognition on the 
abdominal organ. Using surface-based recognition, it can then project the pre-operative image 
on the surface of the organ. The projector is visually tracked in the laparoscopic field of view 
and has been tested in porcine kidneys and in detecting pulsatile motion in carotid arteries [19].

Figure 2. Different methods of image registration [18].
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3D-CT stereoscopic image registration uses 2 cameras that focus on the same object in space and 
a combination of the perspectives from 2 separate viewpoints allows a spatial reference for 
the object. This system has been used for kidneys by isolating a point on the surface of the 
organ, which can then be aligned to the corresponding point on a 3D reconstruction image. 
Using this as the centre of rotation, the surgeon can manipulate the operative view for a 
better understanding of field of operation. This system has shown average target registration 
error of less than 1 mm and mean registration duration of 48.1 s i.e. more accurate resection 
margins, faster registration and reduced theatre time.

There is however, a lack of organ tracking in this system, meaning that each movement of 
the camera needs a new image registration. Furthermore, stereoscopic cameras are usually 
very expensive and require large handling computer systems, which is another limitation to 
adoption of this method.

6. Organ tracking

An ideal AR system would allow the organ to be tracked in real time as it is affected by 
respiration, tissue deformation and other complications like bleeding. The renal system is 
particularly vulnerable to these dynamic changes compared to other organs systems like the 
brain or bones where rigid image registration systems are the norm and do not require as 
much tracking. The registered image projected into the operative view should be locked and 
dynamically move with the organ and the laparoscopic camera.

There are many types of tracking studied in AR surgery. These have mainly included optical 
tracking where optical markers on the organ allow a measured position of the laparoscopic 
camera relative to the organ and move with the organ [20]. Infra-red tracking is another 
method which involves the use of infrared-emitting diode markers. The main issue with opti-
cal tracking is instruments obscuring the direct view of field (required for tracking) and a 
limited depth perception. Infra-red tracking has the issue of selecting the correct anatomi-
cal landmarks as markers—mismatches can occur due to deformations, compression and 
intraoperative haemorrhaging. Many studies have failed to achieve accurate registration of 
dynamic intra-abdominal organs with infra-red [21].

Electromagnetic tracking is another way of doing this—this has been explored by use of the 
wireless trackers an ex-vivo bovine partial nephrectomy model. This involved surrounding the 
tumour within the kidney with magnetic transponders which relayed back to the surgeon and 
in conjunction with optical camera tracking, a partial nephrectomy was performed [22]. There 
are limitations to this tracking method as magnetic fields can have interference from laparo-
scopic instruments and operating tables. The method also requires placement of the magnetic 
transponders into the target organ and it is currently hard to achieve an alignment error of less 
than 5 mm—a tumour margin error too great for accurate partial nephrectomies [23].

An alternative has been explored by Yip et al. where 3D stereoscopic image registration has 
been combined this with tracking algorithms—producing only 1.3–3.3 mm degree of error 
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[24]. More recently, Edgcumbe et al. have developed a tracking device called the Dynamic 
Augmented Reality Tracker (DART). This is a 3D-printed stainless-steel tracker that can be 
anchored to a fixed position on the kidney relative to the tumour. This, with the help of an 
ultrasound transducer, can then be used to track the location of surgical instruments rela-
tive to the tumour in real time. This system has been named ARUNS (Augmented Reality 
Ultrasound Navigation System) and was used in the robotic-assisted excision of a phantom 
kidney tumour [25].

Vávra et al., in their recent review, comment that it may be possible to track organ movement 
without physical markers in the future. Some of these methods explored include algorithms 
to predict real-time movement of organs, physics-based deformation models, natural points 
of reference as tracking points and the use of red-green-blue cameras to perform image regis-
tration without markers. They also comment that whilst the average marker associated regis-
tration takes 8 min, a recent marker-less system only took about 5 min [20].

7. Tissue deformation

The kidney is a dynamic organ and renal surgery involves deformation of the anatomy. Every 
step in the operation changes the initially projected image registration [26] and for an ideal 
AR system, there need to be real time feedback for tracing this. An answer to this would be 
the development of computer algorithms to predict changes in anatomy at crucial steps such 
as clamping of the renal arteries and surgical dissection at tumour margins. Algorithms can 
also be developed to predict the effect of ongoing influences on the organ position such as 
respiratory patterns and peritoneal insufflation.

There have been some tissue deformation models considering renal clamping, incision and 
external pressure loads to the kidney like intra-operative insufflation. Some of these have 
shown an improvement of 29% in the registration error when compared to a non-deformation 
model. However, in these models, the kidney is assumed to have a linear elastic behaviour 
and the models have been based on ex-vivo kidneys. Another method has been developed 
taking the diaphragm motion and its influence on kidney motion into consideration—this has 
used preoperative CT scans during inspiration and expiration and computer errors have been 
shown to be less than 2 mm in predicting kidney positions [27].

Although there is a scarcity of studies in this area, one study showed that mathematical mod-
els were able to predict up to 52% of the operative deformation in porcine kidneys when 
compared to pre and post-op CT imaging [28].

Baumhauer et al. [29] have proposed a system to answer tissue deformation by insertion 
of custom-designed navigation aids into the kidney and using “inside-out tracking.” This 
is where the CT-scan can provide real-time spatial awareness by identifying the navigation 
aids and projecting imaging onto the laparoscopic view. Tested in a virtual environment, 
this system showed a visualisation error of 1.36 mm (adequately accurate). This system was 
replicated in the clinical setting by Teber et al. [30] where 10 patients had retroperitoneal 
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error of less than 1 mm and mean registration duration of 48.1 s i.e. more accurate resection 
margins, faster registration and reduced theatre time.

There is however, a lack of organ tracking in this system, meaning that each movement of 
the camera needs a new image registration. Furthermore, stereoscopic cameras are usually 
very expensive and require large handling computer systems, which is another limitation to 
adoption of this method.

6. Organ tracking

An ideal AR system would allow the organ to be tracked in real time as it is affected by 
respiration, tissue deformation and other complications like bleeding. The renal system is 
particularly vulnerable to these dynamic changes compared to other organs systems like the 
brain or bones where rigid image registration systems are the norm and do not require as 
much tracking. The registered image projected into the operative view should be locked and 
dynamically move with the organ and the laparoscopic camera.

There are many types of tracking studied in AR surgery. These have mainly included optical 
tracking where optical markers on the organ allow a measured position of the laparoscopic 
camera relative to the organ and move with the organ [20]. Infra-red tracking is another 
method which involves the use of infrared-emitting diode markers. The main issue with opti-
cal tracking is instruments obscuring the direct view of field (required for tracking) and a 
limited depth perception. Infra-red tracking has the issue of selecting the correct anatomi-
cal landmarks as markers—mismatches can occur due to deformations, compression and 
intraoperative haemorrhaging. Many studies have failed to achieve accurate registration of 
dynamic intra-abdominal organs with infra-red [21].

Electromagnetic tracking is another way of doing this—this has been explored by use of the 
wireless trackers an ex-vivo bovine partial nephrectomy model. This involved surrounding the 
tumour within the kidney with magnetic transponders which relayed back to the surgeon and 
in conjunction with optical camera tracking, a partial nephrectomy was performed [22]. There 
are limitations to this tracking method as magnetic fields can have interference from laparo-
scopic instruments and operating tables. The method also requires placement of the magnetic 
transponders into the target organ and it is currently hard to achieve an alignment error of less 
than 5 mm—a tumour margin error too great for accurate partial nephrectomies [23].

An alternative has been explored by Yip et al. where 3D stereoscopic image registration has 
been combined this with tracking algorithms—producing only 1.3–3.3 mm degree of error 
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[24]. More recently, Edgcumbe et al. have developed a tracking device called the Dynamic 
Augmented Reality Tracker (DART). This is a 3D-printed stainless-steel tracker that can be 
anchored to a fixed position on the kidney relative to the tumour. This, with the help of an 
ultrasound transducer, can then be used to track the location of surgical instruments rela-
tive to the tumour in real time. This system has been named ARUNS (Augmented Reality 
Ultrasound Navigation System) and was used in the robotic-assisted excision of a phantom 
kidney tumour [25].

Vávra et al., in their recent review, comment that it may be possible to track organ movement 
without physical markers in the future. Some of these methods explored include algorithms 
to predict real-time movement of organs, physics-based deformation models, natural points 
of reference as tracking points and the use of red-green-blue cameras to perform image regis-
tration without markers. They also comment that whilst the average marker associated regis-
tration takes 8 min, a recent marker-less system only took about 5 min [20].

7. Tissue deformation

The kidney is a dynamic organ and renal surgery involves deformation of the anatomy. Every 
step in the operation changes the initially projected image registration [26] and for an ideal 
AR system, there need to be real time feedback for tracing this. An answer to this would be 
the development of computer algorithms to predict changes in anatomy at crucial steps such 
as clamping of the renal arteries and surgical dissection at tumour margins. Algorithms can 
also be developed to predict the effect of ongoing influences on the organ position such as 
respiratory patterns and peritoneal insufflation.

There have been some tissue deformation models considering renal clamping, incision and 
external pressure loads to the kidney like intra-operative insufflation. Some of these have 
shown an improvement of 29% in the registration error when compared to a non-deformation 
model. However, in these models, the kidney is assumed to have a linear elastic behaviour 
and the models have been based on ex-vivo kidneys. Another method has been developed 
taking the diaphragm motion and its influence on kidney motion into consideration—this has 
used preoperative CT scans during inspiration and expiration and computer errors have been 
shown to be less than 2 mm in predicting kidney positions [27].

Although there is a scarcity of studies in this area, one study showed that mathematical mod-
els were able to predict up to 52% of the operative deformation in porcine kidneys when 
compared to pre and post-op CT imaging [28].

Baumhauer et al. [29] have proposed a system to answer tissue deformation by insertion 
of custom-designed navigation aids into the kidney and using “inside-out tracking.” This 
is where the CT-scan can provide real-time spatial awareness by identifying the navigation 
aids and projecting imaging onto the laparoscopic view. Tested in a virtual environment, 
this system showed a visualisation error of 1.36 mm (adequately accurate). This system was 
replicated in the clinical setting by Teber et al. [30] where 10 patients had retroperitoneal 
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laparoscopic partial nephrectomies. The results showed zero cases with a positive surgical 
margin, zero complication rate and zero conversion to open surgery. This system does how-
ever, require placement of aids (like 1.5 cm long needles) into the kidney and is dependent 
on at least 4 aids being present. This brings risks of damage to healthy parenchyma and aids 
being lost intra-op.

An answer to tissue deformation could lie closer to technology used within the commercial 
sector. Advanced facial recognition software used in simulating real time ‘Apple animojis’ [31] 
could be adapted to intra-operative kidneys. The software could delineate an optical real time 
map of the kidney which would change with the active deformation.

8. Live imaging

Live imaging is an answer to capturing tissue deformation as it allows real-time dynamic 
information on the kidney and removes the need to ‘estimate’ structural changes in the tissue. 
Ultrasound is one live imaging modality that has shown high sensitivity and specificity at 
identifying tumour margins [32, 33]. There have been several studies using live USS to aid 
AR. Kang et al. [34] merged live laparoscopic ultrasound images on stereoscopic video and 
showed accuracy of image-to-video correlation of up to 2.76 mm. Kang et al. claim this aids in 
depth perception and better visualisation of internal structures. Cheung et al. demonstrated 
that a fused video-USS model for phantom partial nephrectomy allowed for a 1.1 mm tumour 
resection margin (with 2D fusion) for endophytic tumours [35].

Singla et al. [36] showed in their study, that simulated healthy renal tissue excised was 
reduced from an average 30.6–17.5 cm3 using intra-operative USS based AR. This technique 
would be especially beneficial in critical structures like endophytic renal tumours where most 
of the tumour lies below the organ surface—(endophytic tumours currently have complica-
tion rate of nearly 50%).

These are all however preliminary studies and are based on phantom models which does 
not represent the true nature of the operation in vivo. A majority of studies have involved 
manual registration with labour intensive methods that are unrealistic to be currently used 
in-vivo. Cheung et al. found that although there was 29% reduction in planning time with the 
USS-fused model, the tumour required longer operative times (being up to 39% slower than 
the conventional system) [35].

Some projects have combined all three aspects of AR named above. An example of this is 
PARIS (projector-based AR intracorporeal system)—a method by Edgcumbe et al. [37] where 
there is a combination of a tracked projector, tracked marker and laparoscopic ultrasound 
transducer. This has been used in 16 simulated laparoscopic partial nephrectomies, where 
cancerous tumours were projected onto the kidney surface and this projection moved with 
kidney. An ultrasound allowed live imaging of the intra-operative environment. This study 
showed better identification of underlying anatomy and tumour boundaries to show signifi-
cation reduction in healthy tissue excised.
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9. Specific aspects of renal cancer surgery focused upon in AR 
development

There are a few aspects of renal cancer surgery (highlighted by Detmer et al. [27]), that AR 
development has specifically focused on. These include precise tumour resection and safe 
selective arterial clamping.

We have covered the issue of a precise tumour resection to preserve maximum healthy tissue 
throughout the chapter. However, Detmer et al. specifically mention some studies to tackle 
this very area. Ukimara and Gill [38] describe using different colours to signify increasing 
distance from the tumour and this is overlaid on the AR field of view. Another method uses 
contouring of the organ around the tumour margin to highlight the tumour itself. Uncertainty 
of the tumour margin has also been encoded by using different colours to signify certain and 
uncertain areas of the margin [27].

Renal artery clamping is a crucial procedural step as ischemia needs to be limited to tumour-
specific parenchyma. This is done by identifying and clamping only the tumour specific 
arterial branches (usually tertiary or higher-order). This concept has been described as “zero-
ischaemia” [39]. There have been some studies detecting renal vessels underneath the organ 
surface and several studies aiming to identify arterial branches for selective clamping with 
variable success. These have been used for pre-operative planning and some intraoperative 
guidance. Development has been mostly based in manual registration techniques with dis-
plays over the laparoscopic view or on a separate screen [27].

10. Current limitations

This chapter has described the different aspects of AR in renal cancer and areas that have seen 
progress. However, there are current limitations holding back the use of AR technology in 
the clinical set-up. Vavar et al. and Detmer et al. have highlighted some of these (as below):

1. Pre-operative medical imaging: currently all reconstructed images need preparing in 
advance by powerful processing systems. Not only is this expense, it is time consuming. 
With technological advancement—real-time high-resolution medical imaging and 3D 
reconstructions could be the norm. This would be displayed in real time intraoperatively 
and would markedly reduce/eliminate pre-op times.

2. Inattentional blindness: not seeing an unexpected object in the field of view. This has espe-
cially been an issue with 3D image registrations, where the surgeon does not register an 
object as they were not expecting it to be part of that procedural step. With the development 
of AR headsets, there will be more information displayed to the operating surgeon. This can 
be distracting and there needs to be a conscious effort towards only displaying vital infor-
mation or switching between different sets of information. Further work needs to be done on 
reducing human factor issues and making the human-computer interface more ergonomic.
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3. Depth perception: whilst current image registration involves imaging modalities such as MRI 
and CTs, the 2D or 3D imaging does not allow a full understanding of intraabdominal environ-
ment. Minimally invasive surgery has especially deprived the depth perception aspect of the 
surgical experience. Vávra et al. [20] suggest depth-sensing cameras could aid AR in the future.

4. Hardware capacities: current AR is limited by the hardware capacities and thus processing 
power of computer systems they are run on. Vizua is a company developing “cloudifi-
cation” and “application roaming” where the AR applications and data can be remotely 
managed to get the highest computing power and access to large datasets. A platform 
such as this could be incorporated into AR systems and answer issues of latency in image 
registration and access to good quality imaging (live or pre-operative).

5. Other issues mentioned include tissue deformation studies only focusing on one source of 
deformation, 3D imaging requiring better image registration and the issue of simulation 
sickness (whilst using heavy current AR headsets).

Regardless of what aspect of AR being explored, there is little quantitative data on in-vivo 
procedures. Only 20 studies were found by a recent review [27] where AR had been used in 
clinical practice, and only 9 studies had 10 or more patients in the study. There is a crucial 
need for clinical validity to show improved patient outcomes and safety from using AR in renal 
interventions.

11. Future ideas/solutions

As Hughes-Hallet mention, there is a “one-size-fits-all” approach in most AR developments. 
Single imaging and imaging registration modalities have been used in isolation for many sys-
tems. Every surgical case is different however, and a combination of different modalities can 
provide a more accurate answer. Below are some examples of adjuncts that could aid current AR:

1. NIRF—near infrared fluorescence is a type of imaging where indocyanine green (ICG) dye 
is injected into the body and it can be used to illuminate intravascular renal parenchyma. 
This can allow the surgeon to detect blood vessels under the organ surface and detect tis-
sue abnormalities. Although NIRF has not shown much promise in predicting malignancy 
in partial nephrectomies, it has shown a reduction in global renal ischaemia. NIRF has 
been used in robot-assisted surgery to achieve super-selective arterial clamping— avoiding 
main arterial clamping in 65% of patients in a recent study. Infusion of ICG dye pre and 
post arterial clamping ensured that there was selective ischaemia only to the tumour region 
and adequate renal perfusion was achieved post-clamp removal. This imaging could be 
used in conjunction with AR to further aid live visual feedback, organ tracking and have 
better post-op renal functioning [40].

2. Imperial College London’s iKnife could be used in conjunction with AR [41]. This 
‘Intelligent knife’ is a surgical scalpel that chemically tests the tissue it has contact with. 
It uses Rapid Evaporative Ionisation Mass Spectrometry (REIMS) for real time analysis 
of the aerosols created from diathermy of tissues. iKnife has been used in gynaecological 
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tissues to distinguish between normal, borderline and malignant tissue [42] and this could 
be used in partial nephrectomies to give real time feedback for a precise tumour margin.

3. AR headset—this is a device that is being engineered simultaneously in many major US 
hospitals. Dr. Varshey and Dr. Murthi, are developing one such headset with the engineer-
ing team at the “Augmentarium” (University of Maryland). They hope to develop a system 
where a headset such as the Microsoft HoloLens can be worn by the surgeon and real-time 
USS of the patient or vital signs and patient data can be overlaid on the felid of view. This 
would drastically reduce the number of displays a surgeon has to usually track during an 
operation. Used in conjunction with dynamic image projection, the AR headset would be 
a good answer to cover the abovementioned 3 aspects of AR in partial nephrectomies [43].

The AR headset hopes to eliminate any obstructions in the surgeon’s view as compared to 
conventional methods. Furthermore, voice recognition and gesture recognition develop-
ment would enable hands-free control of the device—which would allow the surgeon to 
interact with the AR whilst maintaining a sterile environment [20] (Figure 3).

4. 3D printing—model replications of the patient’s kidney can be printed using pre-opera-
tive CT/MRIs and these can be used to perform simulated operations prior to placing a 
knife onto the patient’s skin. SIMPeds 3D Print at the Boston Children’s Hospital offers 
exactly this—rapid printing and prototyping for nearly any organ in the human body 
[44]. Examples of this have been used to replicate and operate on difficult paediatric brain 
tumours [45], facial reconstructions and orthopaedic surgeries amongst many others [46]. 
This has allowed surgeons to simulate a realistic assessment of the individual’s organ where 
it can be felt, touched and cut at precise margins. 3D printed surgical planning of partial 

Figure 3. AR of the future. AR involving additional input from live USS imaging, organ trackers and other vital 
observations and patient data all being fed into the AR headset—providing a hands free platform.
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nephrectomies has been explored by Zhang et al. [46] where face and content validity was 
obtained by 4 experienced laparoscopic urologists. A pilot study by Silberstein et al. [47] 
envisioned that 3D models could enhance the surgeon’s (and patient’s) understanding of 
the individual’s renal malignancy anatomy—this would be especially beneficial in difficul-
ties such as anatomical anomalies and precise segmental artery clamping [48].

Extrapolating further from this idea, 3D printed kidneys could also allow remote surgical 
procedures. An idea in conjunction with this was put forward by Dr. Murthi at a recent VR 
and AR applications gathering at Newseum, Washington, D.C [8]. She foresaw VR and AR 
working together to support patient care. An initial AR on the patient including imaging and 
medical data would allow the clinician to assess the patient’s condition (in this case, anatomy) 
and a remote VR system could allow the clinician to see what the initial AR has shown and 
consequently advise and provide insight. An augmented nephrectomy system could benefit 
surgeons where instead of advising, they could operate remotely on replicated 3D models 
(representing in-vivo kidneys). Initial AR collected locally from the patient could be remotely 
projected as VR onto a 3D model and a surgeon could perform a partial nephrectomy which 
could be translated to the real kidney with the help of local robotic da Vinci machines. This 
model would allow constant feedback between the AR and VR systems and remote operations 
could be an answer to lack of surgical resources in healthcare deprived areas around the world.

12. Conclusion

Being the 7th most common cancer in the UK [49], renal cancer surgery can really benefit 
from this emerging symbiotic relationship between surgeon and AR. Since the first uses of 
AR for partial nephrectomy, there have been reported improvements in the familiarisation 
of the patient’s anatomy and practicality of AR [38]. However, as Bernhardt et al. discuss 
in a laparoscopic AR review, there is much advancement to be made in image registration, 
live tracking and depth perception. Detmer et al. in their review (of AR and VR technology 
in renal cancers) also highlight the need for resolution of human factors and the need for 
large scale clinical studies that are currently sparse. In conclusion, recent AR development 
has worked towards systems aiming to be on par with conventional navigational techniques. 
Whilst some technology is achieving this in isolation, there still lie barriers of validation, cost 
evaluation and practical application in the way. In summary, there is much to be achieved 
before AR systems are precise and safe enough to be integrated into regular clinical practise.
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nih.gov/pubmed/29536200
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www.sciencedirect.com/science/article/pii/S0090429518305405
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of a patient-specific simulator for laparoscopic renal surgery. International Journal of 
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nephrectomies has been explored by Zhang et al. [46] where face and content validity was 
obtained by 4 experienced laparoscopic urologists. A pilot study by Silberstein et al. [47] 
envisioned that 3D models could enhance the surgeon’s (and patient’s) understanding of 
the individual’s renal malignancy anatomy—this would be especially beneficial in difficul-
ties such as anatomical anomalies and precise segmental artery clamping [48].

Extrapolating further from this idea, 3D printed kidneys could also allow remote surgical 
procedures. An idea in conjunction with this was put forward by Dr. Murthi at a recent VR 
and AR applications gathering at Newseum, Washington, D.C [8]. She foresaw VR and AR 
working together to support patient care. An initial AR on the patient including imaging and 
medical data would allow the clinician to assess the patient’s condition (in this case, anatomy) 
and a remote VR system could allow the clinician to see what the initial AR has shown and 
consequently advise and provide insight. An augmented nephrectomy system could benefit 
surgeons where instead of advising, they could operate remotely on replicated 3D models 
(representing in-vivo kidneys). Initial AR collected locally from the patient could be remotely 
projected as VR onto a 3D model and a surgeon could perform a partial nephrectomy which 
could be translated to the real kidney with the help of local robotic da Vinci machines. This 
model would allow constant feedback between the AR and VR systems and remote operations 
could be an answer to lack of surgical resources in healthcare deprived areas around the world.

12. Conclusion

Being the 7th most common cancer in the UK [49], renal cancer surgery can really benefit 
from this emerging symbiotic relationship between surgeon and AR. Since the first uses of 
AR for partial nephrectomy, there have been reported improvements in the familiarisation 
of the patient’s anatomy and practicality of AR [38]. However, as Bernhardt et al. discuss 
in a laparoscopic AR review, there is much advancement to be made in image registration, 
live tracking and depth perception. Detmer et al. in their review (of AR and VR technology 
in renal cancers) also highlight the need for resolution of human factors and the need for 
large scale clinical studies that are currently sparse. In conclusion, recent AR development 
has worked towards systems aiming to be on par with conventional navigational techniques. 
Whilst some technology is achieving this in isolation, there still lie barriers of validation, cost 
evaluation and practical application in the way. In summary, there is much to be achieved 
before AR systems are precise and safe enough to be integrated into regular clinical practise.
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Abstract

This chapter reviews the current literature in view of varying clinical practices surround-
ing the diagnostic role of renal tumor biopsies of small renal masses. Surgical manage-
ment of small renal masses without pretreatment biopsy is a routine strategy in many 
urological centres around the world. This is in spite of improvements in techniques, 
accuracies and biomarkers to diagnose the neoplasm. Apart from its effectiveness, renal 
tumor biopsies avoid the risks of surgically treating benign renal masses and may also 
prove cost-effective to healthcare systems. Interdisciplinary communication between 
urologists, interventional radiologists and pathologists will facilitate the process of mak-
ing this biopsy-driven management the standard of care.

Keywords: active surveillance, biopsy, diagnostic accuracy, intratumour heterogeneity, 
kidney neoplasms, renal cell carcinoma, renal tumor biopsy, partial nephrectomies, 
renal mass biopsy, small renal mass

1. Introduction

The surgical disposition towards partial nephrectomies and ablative techniques in the man-
agement of small renal masses (SRMs) urges the use of biopsies to overcome preoperative 
misclassifications.

SRMs are defined to be T1a tumors ≤4 cm in greatest dimension, limited to the kidneys. 
With improved medical imaging, the incidence of patients with SRMs has been rising. 
These patients tend to be asymptomatic and show a good prognosis. The current European 
Association of Urology (EAU) guidelines promote nephron-sparing techniques, especially 
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partial nephrectomies (PN) in the management of T1a tumors. Other approaches such as 
radiofrequency ablation (RFA), cryotherapy and active surveillance (AS) are also considered.

However, it has been shown that a large proportion of SRMs treated are benign incidentalomas. 
Twenty percent of surgically removed SRMs have proven to be benign [1, 2] (angiomyolipoma, 
oncocytoma, metanephric adenoma, etc.), with the figure rising to 29% for tumors <2.5 cm [3]. 
Thus, it is necessary for current practices to be reevaluated to avoid unnecessary overtreatment.

Surgical management based on CT imaging, without pretreatment biopsy, is considered 
appropriate in most centres. Such an approach not only leads to the patient undertaking 
unnecessary surgical risks but also places a significant burden on the healthcare system. 
Premanagement renal tumour biopsies (RTBs) have the potential to not only offer holistic 
approach to their management but can equally be cost-effective.

Opponents to RTBs believe that concordance rates of the final pathology with radiologi-
cal imaging, false-negative rates and potential seeding make this an unreliable procedure. 
However, the safety and outcomes of RTBs have improved significantly over the last decade. 
Improved imaging techniques allow for a specific localized tissue to be biopsied. Samples 
taken from percutaneous needle biopsies also now utilize biomarkers that can lend further 
insights to the heterogeneous nature of renal neoplasms.

It is important to recognize that avoiding unnecessary surgical treatments is more cost-effec-
tive and negates associated risks. In this chapter, we will discuss the improvements of RTBs 
and the merits of incorporating them to deliver better outcome measures.

2. Protocol of SRM management

It is estimated that 60% of all diagnosed renal cell carcinomas (RCCs) are SRMs that are dis-
covered as incidentalomas on ultrasound and/or abdominal CT scans [4]. The current protocol 
in many urological renal centres, following the discovery of a SRM, is to offer the patient treat-
ment options without a biopsy. Generally, unless contraindicated, these options include PN, 
RFA, or AS. This approach to treating a SRM is done without a clear histological diagnosis.

There should be a paradigm shift on how SRMs are approached. In some centres, RTBs are 
now performed upon the discovery of an incidentaloma. Here, patients are referred to an 
interventional radiologist who will then perform a RTB before their consultation with their 
urologist. Following the biopsy results from the pathologist, the urologist will meet the 
patient and offer better informed treatment options.

3. Contemporary indications and contraindications for biopsy

The EAU guidelines recommend RTBs to be performed for AS on selected patients with 
SRMs, prior to ablative treatments and patients suffering from renal metastatic disease before 
embarking on systemic treatment.

Evolving Trends in Kidney Cancer112

The American Urological Association (AUA) guidelines stipulate that biopsies should be 
considered when a renal mass is suspected to be metastatic, hematological, inflammatory or 
infectious. RTBs are also expected to be performed before ablative procedures.

Historically, absolute contraindications to RTBs include uncontrolled severe hypertension, 
inability to cooperate with biopsy, solitary kidney and uncontrollable bleeding diathesis [5]. 
Relative contraindications may include a lack of a safe pathway to the lesion and pregnancy 
where imaging guidance involves ionizing radiation.

4. Prevalence of biopsies

Recent studies have shown that RTBs are still not widely adopted among urologists in clinical 
practice. A survey in 2010 by Barwari et al. [6] showed that 73% of urologists never take biop-
sies and only 9% take biopsies in more than 25% of cases. Another survey in 2016 by Richard 
et al. [7], investigating the prevalence of biopsies for SRMs, showed that only 12% perform 
RTBs in >75% of cases, while 53% never perform or perform RTBs in <25% of cases.

In both surveys the main reasons urologists cited for not performing biopsies were the lack of 
influence in clinical management, the risk of false negatives and safety. There is also a radiol-
ogy-related concern of a lack of expertise with RTBs [7]. These concerns will have to be tackled.

4.1. Prevalence of RTBs in active surveillance

In current literature, many patients undergoing AS have not had a biopsy [8–10]. AS is usu-
ally indicated for elderly patients with significant comorbidities or those refusing surgery. 
Though considered a safe option for patients with SRMs, the risk of developing metastatic 
disease during surveillance is not ruled out. A systematic review performed by Prins et al. 
[9] showed that though 1.12% (0–3.2%) of the pooled AS population (968 patients) incurred 
delayed intervention, only a small proportion of the said population had undergone a RTB. If 
a biopsy had been performed, it could have led to an earlier appropriate intervention [11]. A 
systematic review performed by Smaldone et al. [10] looked at the incidence of metastases 
in AS strategies. In this review of 880 patients, 18 patients (2.05%) progressed to metastatic 
disease. Unfortunately, only three of these patients had undergone a RTB.

RTBs can also pave the way for a more refined AS strategy and are strongly recommended 
[8, 10, 12, 13]. If the SRM proves to be histologically benign, a less stringent follow-up pro-
tocol can be adopted, or the patient may even be discharged. Higher metastatic potential 
masses that are better suited for surgical intervention can also be identified. Thus, RTBs 
can stratify patients into a low-risk or high-risk surveillance strategy.

4.2. Prevalence of RTBs in radiofrequency ablation

In some centres performing RFA, RTBs are either done at the time of the procedure or not 
performed at all [14–16]. These patients continue to be treated with a presumptive diagnosis 
of renal cancer based on CT/US imaging. This increases the rate of RFA performed for benign 
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or indeterminate pathology [15]. Performing RTBs prior to ablative techniques can also be 
used to stratify patients—where those with unfavorable histology can be triaged to surgery 
instead.

5. Addressing barriers

In order to facilitate the shift in managing SRMs (be it in AS, RFA or systemic treatment), it is 
important for us to address these barriers in adopting RTBs. We will now assess the reliability 
and improvements of RTBs.

5.1. Improved techniques for biopsy

RTBs are performed percutaneously under local anesthesia. It can be with needle core biopsy 
or fine needle aspiration (FNA) with US or CT guidance.

Core needle biopsies yield a higher diagnostic rate and a more accurate histological examina-
tion over FNA. This was exemplified by a systematic review performed by Marconi et al. 
[17] (57 studies recruiting 5228 patients)—showing superior sensitivities and specificities over 
diagnostic FNAs. A coaxial technique allows multiple biopsies to be taken through a coaxial 
canula, avoiding potential tumor seeding. Comparing needle sizes used, 18-gauge needles 
are preferred over 14- and 20-gauge needles—showing safer and more accurate histological 
results [18, 19].

With regard to imaging modalities, US and CT possess their own merits. CT has the advantage 
of a better resolution that is ideal to locate lesions that are in proximity to critical structures. 
US has the advantage of lower radiation and lower cost. More importantly it allows real-time 
needle placement that is suited for nonfocal renal lesions [20].

In spite of acknowledging preferred techniques of RTBs, there are other technical factors 
that affect their success: amount of adipose tissue in the patient, echogenicity and location of 
lesion. The challenge of performing a successful biopsy can thus vary from lesion to lesion. 
Effective communication between the interventional radiologist and urologist is necessary to 
ensure that a RTB would be reliable in managing a specific SRM.

5.2. Improvements in accuracy

Recent literature lends support to the diagnostic accuracies of RTBs, challenging the notions 
some urologists believe. The meta-analysis performed by Marconi et al. [17] showed that ini-
tial RTBs yielded a diagnosis in >90% of cases. Core biopsies showed a high sensitivity and 
specificity of 99.1 and 99.7%, respectively. In cases where both a RTB and surgical pathol-
ogy were available, good concordance (k = 0.683) for tumor histotype and fair concordance 
(k = 0.34) for tumor grade were shown.

A systematic review by Patel et al. [21] (including 20 studies with 2979 patients) showed a 
high diagnostic accuracy of RTB with a sensitivity of 97.5% and a specificity of 96.2%. There 

Evolving Trends in Kidney Cancer114

was also a high histological concordance observed. Patel’s study highlighted the concern of a 
reasonable non-diagnostic rate (14.1%).

However, repeat biopsy led to diagnosis in 80% of previously undiagnostic biopsies. It is 
reported that following a non-diagnostic biopsy, a repeat biopsy has a high rate of rendering 
a diagnosis—ranging from 67 to 85% [22]. Therefore, in the case of a non-diagnostic biopsy, 
there is merit in performing a repeat biopsy.

With overall improved diagnostic accuracies of RTBs, urologists should be more reassured 
about their successes.

5.3. Managing complications

Reported concerns regarding the safety of RTBs stem from the risks of bleeding, pneumotho-
rax and tumor seeding [7]. Rising literature appraising the choice of gauge needles, imaging 
modality and preference for core biopsies over FNA have improved the safety of RTBs.

In Patel’s et al. study [21], complication rates observed were quite low. The rate of haemato-
mas was 4.9%, while the occurrence of any clinically significant pain was 1.2%. Pneumothorax 
was only detected in 0.6% of cases, and no study reported any cases of tumor seeding. In 
Marconi’s et al. study [17], the median complication rate was 8.1% with only three Clavien 
grade ≥2 complications to be reported.

Tumor seeding along the needle tract is anecdotal and very rare. As per the EAU reported 
guidelines, to avoid any such complication, coaxial sheaths should be used. This allows mul-
tiple passes through the renal mass with only one through surrounding tissue.

5.4. Discerning tumour heterogeneity

Despite the high concordance rates in identifying tumor subtypes (as mentioned above), the 
heterogeneous nature of RCC in itself is an identified barrier in adopting RTB. It is essential 
for clinicians to identify the challenges in discerning between specific tumor subtypes in order 
to have a comprehensive grasp on the reliability of a RTB.

The four main subtypes of RCC include clear cell RCC (ccRCC), papillary RCC (pRCC), 
chromophobe RCC (chRCC) and collecting duct carcinoma (CDC). There are over 10 such 
subtypes with many inherited syndromes [23]. Each subtype is associated with its own prog-
nostic factors from clinically indolent (pRCC type 1, chRCC) to highly metastatic (pRCC type 
2 or ccRCC). Thus, it is valuable for a subtype to be distinguished from benign lesions and also 
to be reliably identified for a more tailored management.
Another systematic review by Patel et al. [24] investigated the success of identifying oncocyto-
mas. Of the 48 lesions that were diagnostic of oncocytoma on RTB, 64.6% was in concordance 
with analysis following surgical treatment. Meta-analysis determined the PPV of oncocytoma 
on RTB to be 67% with a notable proportion to be identified as chRCC. Histologically, they 
are hard to distinguish as both have an eosinophilic cytoplasm. Clinical diagnostic dilemmas 
between chRCC and oncocytomas still remain. Clinicians should factor this in tailoring an 
altered AS for oncocytomas.
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about their successes.

5.3. Managing complications

Reported concerns regarding the safety of RTBs stem from the risks of bleeding, pneumotho-
rax and tumor seeding [7]. Rising literature appraising the choice of gauge needles, imaging 
modality and preference for core biopsies over FNA have improved the safety of RTBs.

In Patel’s et al. study [21], complication rates observed were quite low. The rate of haemato-
mas was 4.9%, while the occurrence of any clinically significant pain was 1.2%. Pneumothorax 
was only detected in 0.6% of cases, and no study reported any cases of tumor seeding. In 
Marconi’s et al. study [17], the median complication rate was 8.1% with only three Clavien 
grade ≥2 complications to be reported.

Tumor seeding along the needle tract is anecdotal and very rare. As per the EAU reported 
guidelines, to avoid any such complication, coaxial sheaths should be used. This allows mul-
tiple passes through the renal mass with only one through surrounding tissue.

5.4. Discerning tumour heterogeneity

Despite the high concordance rates in identifying tumor subtypes (as mentioned above), the 
heterogeneous nature of RCC in itself is an identified barrier in adopting RTB. It is essential 
for clinicians to identify the challenges in discerning between specific tumor subtypes in order 
to have a comprehensive grasp on the reliability of a RTB.

The four main subtypes of RCC include clear cell RCC (ccRCC), papillary RCC (pRCC), 
chromophobe RCC (chRCC) and collecting duct carcinoma (CDC). There are over 10 such 
subtypes with many inherited syndromes [23]. Each subtype is associated with its own prog-
nostic factors from clinically indolent (pRCC type 1, chRCC) to highly metastatic (pRCC type 
2 or ccRCC). Thus, it is valuable for a subtype to be distinguished from benign lesions and also 
to be reliably identified for a more tailored management.
Another systematic review by Patel et al. [24] investigated the success of identifying oncocyto-
mas. Of the 48 lesions that were diagnostic of oncocytoma on RTB, 64.6% was in concordance 
with analysis following surgical treatment. Meta-analysis determined the PPV of oncocytoma 
on RTB to be 67% with a notable proportion to be identified as chRCC. Histologically, they 
are hard to distinguish as both have an eosinophilic cytoplasm. Clinical diagnostic dilemmas 
between chRCC and oncocytomas still remain. Clinicians should factor this in tailoring an 
altered AS for oncocytomas.
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6. Investigating biomarkers

Recent studies have explored the merits of molecular biomarkers to improve diagnostic clas-
sification of RTBs. A recent systematic evaluation by Gulati et al. [25] assessed cancer-specific 
survival (CSS) in 350 ccRCC patients with 28 published genetic biomarkers. Seventeen of 
these genetic and transcriptomic prognostic ccRCC markers were validated as predictors of 
CSS. A comprehensive review article by Farber et al. [26] shows the many other areas where 
biomarkers are being developed: PET imaging, MRI, serum biomarkers, urine biomarkers, 
liquid biopsy and immunohistochemistry. Of particular interest is the staining method for 
CK7 that is expressed in both chRCC and oncocytoma. In the former it is strongly and dif-
fusely positive, while in the latter, only focal positivity or no staining is observed [18, 26, 27]. 
With further prospective clinical studies, a combinatorial approach can be adopted to discern 
the heterogeneous nature of renal lesions.

7. Cost-effectiveness

It is critical to stress on the cost-effectiveness of integrating RTBs in the management of SRMs. 
A cost-effectiveness study by Pandharipande et al. [28] showed that a strategy of pretreatment 
biopsies of SRMs leads to a minimally greater difference of quality-adjusted life expectancy 
(4 days) than empiric surgery. This is at a lower lifetime cost of ($3466). Avoiding unneces-
sary surgery in cases of resecting indolent SRMs is in the interests of both the patient and the 
healthcare system. With similar outcomes and lower cost, the use of biopsy to triage patients 
facilitates this.

8. Conclusion

RTBs have the strong potential to avoid unnecessary surgeries, preventing treatment-related 
morbidities in patients and saving healthcare costs. RTBs have high diagnostic accuracies, 
high concordance rates and low complication rates. Therefore, RTBs should be integrated in 
the pretreatment management of SRMs when their results can alter the treatment options for 
the patient. Further studies in improving diagnostic biomarkers are worthwhile in supple-
menting the classification of RCC subtypes.

This shift in management away from empiric surgical treatment requires support from inter-
ventional radiologists, histopathologists and urologists. An interventional radiologist would 
be suited in identifying the preferred imaging modality for a specific RTB and explaining the 
difficulty to obtain an adequate amount for a reliable diagnosis. A histopathologist can raise 
concerns on potential misclassifications of specific tumor subtypes.

Integrated clinical communication between these disciplines can optimize the effective use of 
a RTB in crafting a well-suited treatment plan for the patient.
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Abstract

Nowadays, kidney tumor diagnosis benefits from large and highly accurate imagistic 
methods. A new imagistic method is contrast-enhanced ultrasound (CEUS) that accurately 
depicts the circulatory pattern of tumors. In kidney pathology, any mass or even capsular 
deformation depicted by B mode ultrasound represents an indication for CEUS. The kid-
ney is completely and uniformly vascularized. In cystic tumors, there is a lack of contrast 
loading. In “impure” cystic masses (Bosnian 3 and 4), CEUS reveals vascularized septa 
and walls. In malignant tumors, accelerated and heterogeneous loading of contrast agent 
is observed in arterial phase followed by early, inhomogeneous washout of the contrast 
agent compared to normal renal parenchyma. In the abscesses, the appearance is the early 
loading of the walls associated with moderate hyperemia of the normal circulatory bed. 
This chapter details the CEUS in kidney tumor pathology, emphasizing the accurate infor-
mation for the circulatory pattern of renal masses. It requires correlations with clinical 
data and information provided by other imaging explorations to make a final diagnosis.

Keywords: contrast-enhanced ultrasonography, Doppler ultrasonography,  
kidney tumors, kidney cysts, kidney abscesses

1. Introduction

Ultrasonography (US) is a diagnostic method based on the transmission and reception 
of ultrasounds in biological media, being frequently used in the “native” version with-
out added procedures. It is the most widely available imaging method. In recent years, 
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“conventional” ultrasound was optimized by numerous procedures, including those using 
“contrast agents.” It consists of intravenous administration of specific substances in order to 
improve the diagnostic information. The technique is called “contrast-enhanced ultrasound” 
(CEUS). It allows simultaneously visualization of the flows from the large vessels and from 
the microcirculation [1]. CEUS is independent of the characteristics of blood column move-
ment (velocity and angle of incidence of the ultrasound beam), being more sensitive than 
the Doppler technique. It permits the study of capillary circulation and detection of blood 
extravasations.

The CEUS method was first used for hepatic tumor pathology, but also for abdominal emer-
gencies (detection of infarct or parenchymal dilacerations). The indication of CEUS has 
evolved and expanded rapidly in recent years, with the development of new contrast agents 
as well as the identification of new directions called “clinical applications” [2]. In urology, 
CEUS may have clinical implications with diagnostic values added to the detection and char-
acterization of focal and diffuse renal, prostatic, testicular, and bladder lesions.

2. Principles

Ultrasound contrast agents are gas-filled microbubbles and are used clinically as blood 
pool tracers to significantly enhance the acoustic backscatter from blood. Definity (Lantheus 
Medical Imaging, North Billerica, MA, USA) and SonoVue (Bracco S.P.A., Milan, Italy) are 
two clinically licensed ultrasound contrast agents. MicroMarker (targeted and untargeted) 
(Bracco, Geneva, Switzerland; VisualSonics, Toronto, ON, Canada) is marketed as a preclini-
cal UCA for contrast enhancement and molecular imaging in small animals. The microbub-
bles are made up of a lipid coating and a gaseous content (sulfur hexafluoride). The substance 
has a much lower solubility than air, which gives it good blood balance [3]. The diameter of 
the microbubbles is similar to that of the red blood cells (7 microns), which allow the pas-
sage of the contrast agent through the pulmonary and peripheral capillary circulation with-
out any impediment. One of the main physic principles relies on the compressibility of the 
gases exposed to the pressure of an ultrasound beam. Microbubbles generate (through the 
mechanism called “non-linear vibration”) harmonic echoes (higher frequency multiples) that 
are recorded by the transducer. This behavior is significantly different from that of tissues. 
Ultrasound devices use ultrasound emissions to cancel the tissue signals and to accentuate 
the microbubble signals.

After intravenously administration of the contrast agent, an increased intensity signal com-
ing from the vessels is depicted on the ultrasound screen. This enhanced signal can be 
evaluated in the gray scale, in the color-coded modes or in the hybrid mode (the combina-
tion of the two). The CEUS technique has a dynamic character, being possible a continuous 
tracking of the contrast agent through a region of interest (ROI). In the case of the kidney, 
the contrast agent is initially visualized in the renal artery, progressing to the sinus, the 
renal cortical, and after a delay of several seconds to the renal medulla. The first 30–40 s 
(sec) postinjection is appropriate for the arterial phase and then 30–40 s for the venous 
phase [4] (Figure 1).
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The CEUS examination might be focused on a region of interest (ROI). The operator might 
analyze this ROI in real time, during the examination or through a dedicated soft that traces 
the time-intensity curves. The parameters obtained describe the vascular and temporal behav-
ior, depending on the different postadministration phases (<30–40 sec = arterial time; >30–
40 sec = venous time). The time-intensity curve (TIC) represents a quantitative analysis of the 
variability of the mean intensity within the selected sample over a period of time (Figure 2). 
They can be postprocessed on any video clip saved during CEUS [5].

Other qualitative useful information is represented by: the intensity of fill-in with contrast 
agent, the sense of fill-in, the fill-in pattern, the degree of wash-out of the contrast agent, the 
sense of wash-out, and the pattern of wash-out [6]. The evaluation of the lesions of interest is 
carried out as compared to the normal parenchyma.

Figure 1. CEUS evaluation of the kidney. In very short time, there is a replenishment with microbubbles of cortex 
(periphery), cortex (columns), and the medulla.

Figure 2. Representation of time-intensity transit curves. A sample area mounted in a specific area considered “target.” 
Special software is representing the characteristics of perfusion.
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The CEUS examination might be focused on a region of interest (ROI). The operator might 
analyze this ROI in real time, during the examination or through a dedicated soft that traces 
the time-intensity curves. The parameters obtained describe the vascular and temporal behav-
ior, depending on the different postadministration phases (<30–40 sec = arterial time; >30–
40 sec = venous time). The time-intensity curve (TIC) represents a quantitative analysis of the 
variability of the mean intensity within the selected sample over a period of time (Figure 2). 
They can be postprocessed on any video clip saved during CEUS [5].
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sense of wash-out, and the pattern of wash-out [6]. The evaluation of the lesions of interest is 
carried out as compared to the normal parenchyma.

Figure 1. CEUS evaluation of the kidney. In very short time, there is a replenishment with microbubbles of cortex 
(periphery), cortex (columns), and the medulla.

Figure 2. Representation of time-intensity transit curves. A sample area mounted in a specific area considered “target.” 
Special software is representing the characteristics of perfusion.
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3. Equipment

For CEUS technique, the ultrasound device must be capable of functioning in harmonic mode 
and benefit from the acoustic power adjustment. The transducers, similar to those currently 
used for B and Doppler mode examinations, differ in the ability to operate in contrast mode. 
The harmonic mode allows a real and effective discrimination of the echoes from the blood 
column to those from the tissues. The acoustic power regulation is set to a value of 0.09–0.11, 
which leads to the generation of harmonic echoes at the microbubble level, minimizing the 
harmonic echoes at the tissue level and the artifacts.

4. The examination technique

Prior to the examination, a peripheral vein (preferably the antecubital vein) is catheterized 
with a 20–22 Gauge needle. The examination methodology goes through the following steps: 
gray scale (for ROI detection), Doppler technique (for circulatory specificity assessment), and 
contrast media assessment (for ROI characterization).

The patient’s position is adapted for examination of the organ of interest. For retroperitoneal 
organs, it is recommended that the patient adopts a shallow breath to facilitate the mainte-
nance of the area of interest in the ultrasound examination plan.

After activating the contrast mode, the following settings of the ultrasound equipment must 
be done: the “Focus” position below the region of interest, the mechanical index at 0.09–0.11, 
and reduce “Gain” function.

The injection of the contrast agent (at an average dose of 2.4 ml) is followed by 10 ml of saline 
solution is bolus. At the time of injection, the ultrasound timer and record videos are started. 
The region of interest is dynamically tracked for up to 5 min postinjection. Theoretically, a 
second injection can be made immediately, although this is rarely necessary in clinical prac-
tice [7].

The quality of the CEUS image is limited, as in the case of the B mode ultrasound, by the 
localization of the region of interest, the presence of the intestinal gas or bone margins, and 
the patient weight [7].

For kidney CEUS examination, the literature proposed various contrast phase terminologies. 
One is similar to the terminology used by multiphase contrast-enhanced computer tomogra-
phy (CE-CT) and magnetic resonance imaging (MRI) [8]. This terminology uses three phases: 
corticomedullary (enhancing cortex with medullary pyramids not yet perfused, approxi-
mately 15–30 s after contrast agent injection), nephrographic (homogenously enhancing renal 
parenchyma, approximately 30–70 s postinjection), and delayed (>70 s postinjection) [8]. 
Other groups used the following terminology: arterial phase <30 s postinjection and delayed 
phase 30–90 s postinjection [9]. Other authors proposed other terminologies: cortical (8–35 s 
after injection), corticomedullary (36–120 s), and delayed (>120 s) [10].
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5. Precautions

The sulfur hexafluoride, the gaze part of the contrast agent is inert, nontoxic, with biocompat-
ible membranes and easily eliminated by breathing. The metabolism of the membranes cover-
ing the microbubbles is done in the liver. These features make CEUS exploration independent 
of renal or thyroid functions, being an alternative to computer tomography in cases of renal 
failure or patients with history of thyrotoxicosis.

Very rare side effects are possible due to the interaction of ultrasound with microbubbles. 
These interactions may be mechanical or chemical. Mechanical features include bubble 
expansion and capillary rupture. Transient hyperthermia during bubbles recovering after 
expansion can generate free radicals. The precipitating factor for these reactions is the use 
of a mechanical index of about 0.4 [11]. Anaphylactic reactions were reported in 0.002% of 
examinations [12, 13].

6. Contraindications

CEUS contraindications are: severe coronary artery disease and pulmonary hypertension, 
unstable ischemic heart disease, age <18 years, and pregnancy [14]. No renal side effects have 
been reported so far after using CEUS.

7. CEUS in renal pseudo-tumors

Renal pseudotumors refer to persistent fetal lobulation, dromedary hump, and hypertrophied 
column of Bertin. These mass-like lesions are frequently detected on conventional ultrasound. 
The characteristic features are: location between overlapping portions of two renal sinus 
systems, clear demarcation from the renal sinus, size <3 cm, similar echogenicity to renal 
parenchyma, and lesions being bordered by a junctional parenchyma line; the Doppler mode 
demonstrates the regular, branch-like blood flow in the lesion [15].

There are, however, a number of situations in which their diagnosis is difficult—they may 
be miss-interpreted as kidney tumors through 2D gray scale techniques. This confounding is 
found in the following circumstances: modified echogenicity compared to the parenchymal 
environment, infiltrative tumor formations (metastases and lymphomas) [16], abnormal vas-
cular tracts [17], and obese or noncooperative patients (Figure 3).

As CEUS is able to depict the microcirculation, this procedure could make the differential 
diagnosis between a pseudotumor and a solid mass. The vascular pattern of the “pseudo-
tumors” is similar to adjacent parenchyma [18] (Figures 4 and 5). The accuracy of CEUS is 
similar to contrast-enhanced computer tomography (CE-CT) or magnetic resonance imaging 
(MRI) for the depiction of a normal vascular pattern in a pseudotumor mass [18].
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Figure 5. (a–c) Pseudotumor of the left kidney. In gray scale ultrasonography (a), there is a suspicion of a tumor in the 
middle of the organ. In Doppler color mode (b), there is a small vessel in the suspected tumor, insufficient for an accurate 
diagnosis. In CEUS focused on the middle of the kidney, there is no specific pattern for neoplasia.

Figure 3. (a and b) Pseudotumor of the left kidney. In the middle part of the kidney, there is an area of parenchyma with 
hypoechoic and heterogeneous pattern suggesting a tumor. The aspect is uncertain and needs additional data especially 
from the vascular point of view.

Figure 4. (a and b) Pseudotumor of the left kidney (same case as previous). Evaluation with microbubbles demonstrates 
no tumor in the middle of the kidney. This is a proof of how useful can be CEUS in suspicion of tumors of the kidney.
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8. CEUS for solid renal lesions

For solid renal masses, revealed by mode B ultrasonography, the differentiation between 
benign and malignant lesions is very important. The most frequent malignant lesion is renal 
cell carcinoma (RCC). Angiomyolipoma (AML) and oncocytoma are renal benign lesions [19]. 
The vascular pattern is a major criterion of differentiation and might be done with CEUS. A 
different vascular behavior of the renal mass compared with the adjacent parenchyma is 
specific for a tumor lesion and might be suggestive for malignancy [20]. CEUS has a higher 
accuracy than Doppler technique for renal cancer detection (100% compared to 71%) [21].

Tumor thrombus in the renal vein is a parenchymal structure with similar vascularization as 
the origin tumor. CEUS identifies the arterial vessels inside this parenchymal structure devel-
oped in the renal vein for the identification of the tumor’s nature due to the presence of arte-
rial time within the thrombus of the vascular signal (Figure 6). However, an emphasis on this 
character depicted in the renal vein regions of interest requires an experienced operator [11].

9. Renal cell carcinoma (RCC)

The clear cell renal cell carcinoma (ccRCC) is the most frequent common variant of renal 
cancer. Histologically is characterized by numerous thin-walled blood vessels with rich blood 
flow. The frequent morphological features correspond to intratumoral necrosis, hemorrhage, 
and calcifications [22]. In ultrasound B mode, the small tumors are often hyperechoic, cor-
responding to the thin-walled blood vessels with rich blood flow and can mimic angiomyo-
lipoma (Figure 7) [8]. Larger tumors are hypoechoic and exophytic, with central anechoic 
necrosis (Figure 8) [8].

Figure 6. Malignant thrombus in inferior vena cava. Sagital evaluation of the retroperitoneal space with representation 
of inferior vena cava and a large parenchymal structure in the vessel. The aspect is typical for a thrombus. In the presence 
of a kidney tumor, the aspect suggests a vascular invasion.
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The accuracy of CEUS to predict malignancy was intensively studied, but the results were not 
similar among authors. These confounding results are due in part to different terminology 
regarding the arterial and delayed phases, in part due to different contrast agents, and in part 
due to different features corresponding to natural development of the tumor (different CEUS 
characteristics depending on size) [8]. Reviewing the literature, ccRCC shows on CEUS the fol-
lowing vascular pattern: early hyperenhancement compared no normal adjacent parenchyma, 
wash-out on delayed phase, and perilesional enhancement, rim-like, corresponding to a pseu-
docapsule. There is also a heterogeneous enhancement, which increases with the lesion size [8].

A meta-analysis studied 11 comparable studies (including 567 malignant lesions and 313 
benign lesions) and found a sensitivity of 88% and a specificity of 80% for CEUS to differenti-
ate between malignant and benign renal tumors [23].

Figure 8. Renal cell carcinoma. Gray scale ultrasonography of the right kidney. At the lower pole, there is a round, well 
defined parenchymal tumor. The aspect is typical for a renal cell carcinoma.

Figure 7. Renal cell carcinoma. Gray scale ultrasonography of the right kidney. At the upper pole, there is a hypoechoic 
tumor, relatively well defined.
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The papillary renal cell carcinoma are described in B mode ultrasound as unilocular and 
hypoechoic. The CEUS features of this type of RCC are: hypoenhance to renal parenchyma 
throughout examination and homogeneous [8].

10. Angiomyolipoma

Typically, AMLs contain macroscopic fat and in B mode ultrasound, there are homoge-
neously echogenic. There are lipid-poor AMLs that correspond to isoechoic feature on B 
mode ultrasound. The CEUS reveals for AMLs the following vascular pattern: homogeneous, 
hypoenhanced compared to adjacent renal parenchyma (Figure 9). The contrast agent persists 
in delayed phases. This characteristic is very important in differential algorithm for RCC [8].

11. Oncocytoma

Oncocytoma are considered benign lesions. In B mode ultrasound, a hypoechoic central scar 
might be present, and color Doppler might show central radiating vessels (Figure 10) [8]. The 
differential diagnosis with chromophobe RCC of low malignant potential might be difficult. 
The vascular pattern depicted on CEUS was described differently in published case reports. It 
was documented a spoke wheel configuration of vessels on CEUS in an oncocytoma [20]. But 
other authors depicted an enhancement from periphery to center [8, 23]. The majority of the 
reports found hyperenhancement early compared with normal renal parenchyma and persis-
tent (greater delayed) compared to ccRCC [8, 23].

Figure 9. (a and b) Angiomyolipoma. CEUS (left) and gray scale ultrasonography (right). There is a tumor, round, well 
defined, and hypoechoic, with peripheral vascularity. The aspect suggests the presence of a neoplasia, but is not entirely 
typical for angiomyolipoma.
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12. Metastases and lymphoma

Imaging features suggestive for metastasis or lymphoma are: size <3 cm, lack of spherical shape, 
“infiltrative” growth, multiplicity, and bilaterality. There are no capsules or calcifications [8]. 

Figure 11. Renal lymphoma. CEUS evaluation (left) with an area of hypoenhancement at the upper pole; gray scale 
evaluation (right) with no signs of tumor. Vascular evaluation seems to be superior for the diagnostic than the 
morphometric pattern.

Figure 10. Oncocytoma. Round, parenchymal mass with enhancement of the peripheral vascular bed in the arterial time 
(Section 22).
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Few case reports depicted CEUS vascular pattern of renal metastasis, which are hypovascular 
on all phases [8]. Renal lymphoma was also described as hypovascular throughout renal per-
fusion after contrast agent administration on ultrasound (Figure 11) [8].

13. Cystic renal lesions

At imaging studies, approximately 10% of kidney cancers have a complex cystic appearance. 
Nonmalignant renal tumors may also have a complex appearance. This is most commonly 
due to the hemorrhage, infection, inflammation or ischemia. Differentiation between complex 
cysts requiring surgical treatment or monitoring is essential. The identification of vascularity 
in the solid area or septa of cystic lesions by CEUS simplifies the diagnosis of lesions with 
high malignancy potential [24].

The Bosniak classification differentiates five categories of renal cysts named I, II, IIf, III, and 
IV based on the imaging criteria (ultrasound and CT), being used for further clinical manage-
ment of the patient [8, 25].

First Bosniak category, called I, depicts thin walls of the cyst, without septa and sharp margins. 
There are no solid components or calcifications. No enhancement is depicted on CEUS. There 
is no malignancy potential (Figure 12) [8, 25].

Figure 12. (a and b) Renal cyst. CEUS evaluation (a); an gray scale evaluation (b). In CEUS (asterisc), the lack of vascular 
signal suggests an avascular lesion compatible with the diagnosis of cyst.
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Renal cysts from second category, II, are characterized by septa thinner than 1 mm, which 
might have fine calcifications. No contrast enhancement or very discrete enhancement is 
observed. The malignant potential is 0% [8, 25].

In the third category, called IIF, the cysts have multiple septa, minimally thickened walls, thin 
or thick calcifications. On CEUS, a discrete enhancement of the walls and septa is depicted. 
The malignant potential is 5%, and these lesions need regular monitoring for 6 months [8, 25].

Renal cysts from the fourth category, called III, present homogeneous of irregular thickening 
of the walls and/or septa and irregular calcifications. The CEUS examination reveals multiple 
contrast enhancing septa. The malignant potential is 50% [8, 25].

In the last category, called IV, the cysts present solid components together with homogeneous 
of irregular thickening of the walls and/or septa and irregular calcifications. The CEUS exami-
nation depicts multiple contrast enhancing septa and irregular contrast enhancing soft tissue 
components. These lesions are considered malignant [8, 25].

The accuracy of CEUS in differentiating renal cystic lesions as benign or malignant is similar 
to CE-CT [11]. The sensitivity of CEUS for depicting the vascular signal at the level of the 
cystic components (septa, walls, and nodules) is superior to CE-CT [26]. However, CEUS does 
not have the same sensitivity as CT in detecting calcifications, a confounding factor for the 
measurement of wall thickness and septum [27].

14. CEUS for monitoring renal interventions

CEUS is a very accurate method to depict blood extravasation after kidney surgery.

In the last years, CEUS became a useful tool for monitoring during and after radiofrequency 
ablations (RFA) and cryoablation (CA). The CEUS score system for monitoring after these 
interventions was proposed by Wink et al. [28] in which 0 = no enhancement, 1 = rim enhance-
ment, 2 = diffuse enhancement, 3 = localized enhancement, and 4 = no defect in enhancement. 
The accuracy of CEUS compared to CE-CT or MRI was lower at 3 months post-treatment, but 
similar to these procedures at 12 month after [29].

15. Future expectations and developments in the field of kidney 
CEUS

A better quantification of blood flow could be achieved using contrast enhanced three-
dimensional (3D) harmonic ultrasound imaging (HI) and subharmonic ultrasound imaging 
(SHI) [30]. In this preliminary study, 3D contrast-enhanced nonlinear ultrasound was able 
to quantify perfusion in vivo, in canine kidneys. Three-dimensional SHI resulted in better 
overall agreement with the reference standard than 3D HI did and was superior to previ-
ously reported 2D SHI results. Three-dimensional SHI outperformed the other methods for 
estimating blood perfusion because of the improved visualization of the complete perfused 
vascular networks [30]. This 3D technique based on CEUS proved an accurate examination for 
detecting renal transplant perfusion defects [31].

Evolving Trends in Kidney Cancer130

Another future application is related to robotic-assisted partial nephrectomy, which has gained 
prominence recently, as this approach has a shorter learning curve and a shorter warm ischemia 
time as compared to laparoscopic partial nephrectomy [32]. CEUS is capable of dynamic evalu-
ation and quantification of microvasculature blood (capillary perfusion) in real time, without 
affecting renal function. When used in conjunction with a robotic ultrasound probe, CEUS can 
facilitate better visualization of renal vasculature and tumor and ultimately improving acumen 
and precision. CEUS is a valuable and a cost-effective tool for the identification of renal blood 
flow in robotic-assisted partial nephrectomy, especially with complex, challenging tumors [32].

16. Conclusions

The CEUS examination is an important progress for ultrasonography. The procedure depicts 
dynamic angio-perfusion. It is valuable in strengthening the diagnosis of renal cancer by evidenc-
ing neo-angiogenesis. It is useful in detecting tumor and nontumor circulatory abnormalities.
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Abstract

Renal cell carcinoma (RCC) is considered a chemotherapy-resistant tumor; the landscape
of metastatic RCC (mRCC) is rapidly changing due to the development of target therapy.
By now, 10 novel agents have dramatically improved the prognosis of mRCC. The pur-
pose of this chapter is to provide an updated overview of the clinical data, which support
the use of these agents. We conducted a systematic review using PubMed and
ClinicalTrials.gov about target therapy in RCC according to the existing guidelines, made
analysis of the clinic trials, and discussed their mechanism, impact on quality of life (QoL),
and patient selection algorithms. A total of 11 completed phase III trials were included in
our research data. Agreement was correlated with the availability of data in seven trials,
contributing to the category 1 option of first-line therapy for patients with mRCC. Three
completed phase III trials contributed for the subsequent therapy as the evidence. Target
therapy shows promise in clinical practice. Guidelines and algorithms should be revised
and adapted to the new target drugs. However, more research is needed in parallel to
discover biomarkers that enable the prediction of a treatment response and therefore lead
to better patient selection.

Keywords: renal cell cancer, target therapy, tyrosine kinase inhibitor, immune checkpoint
inhibitors, clinical trial

1. Introduction

About 25–30% of renal cell carcinoma patients are in locally advanced or metastatic stage when
diagnosed, an additional third patients with localized tumor will recur after rational surgery.
Before 2005, treatment option for advanced renal cell carcinoma (RCC) was limited to cytokines
and clinical trial. With both IFN and IL-2, the response rate was only 5–27% [1, 2], while
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associated with substantial side effect. The last decade witnessed the important advance in the
development of renal cell carcinoma (RCC) molecular biology, which leads to the improvement
in the survival of patients with advanced RCC, Nowadays, half of the patients with advance
RCC are likely to survive more than 2 years. Currently, 10 targeted agents are approved for first-
line or later-line use in the treatment of patients with RCC including one monoclonal antibody
targeting vascular endothelial growth factor (VEGF; bevacizumab), six multi-targeted tyrosine
kinase inhibitors (TKIs; sunitinib, sorafenib, axitinib, pazopanib, cabozantinib, and lenvatinib),
two target the mammalian target of rapamycin (mTOR) pathway (everolimus and temsirolimus),
and one target the immune checkpoint programmed death-1 (PD-1) pathway (nivolumab) (Fig-
ure 1). The guidelines of kidney cancer recommend first-line pazopanib, sunitinib, bevacizumab
(plus interferon-2b [IFN-2b]) as category 1 recommended for patients with clear cell histology
and good or intermediate Memorial Sloan Kettering Cancer Center (MSKCC) prognosis (NCCN
category 1 preferred, European Society for Medical Oncology (ESMO) level I evidence of activity
and grade A recommendation). Temsirolimus is only recommended as first-line treatment for
poor-prognosis patients, and in the latest version of NCCN 2018, cabozantinib was added to the
first-line therapy for poor- and intermediate-risk patients based on modified MSKCC criteria [3].
For patients who experience disease progression during (or who are intolerant to) treatment with
a first-line target treatment, subsequent therapy with the highest level of evidence include
cabozantinib, nivolumab, axitinib, or lenvatinib plus everolimus. Although several targeted
agents were recommended, the optimal sequence has not been determined. The goal of therapy
for patients with mRCC is to prolong survival while maintaining good quality of life, which
should be taken into consideration when choosing second-line and third-line agents. Choosing a
sequence of targeted agents with nonoverlapping safety profiles might improve quality of life by
improving tolerability. Looking forward, identification of the optimal sequence of targeted agents
might be achieved through identification of biomarkers and individualization of treatment for
patients with mRCC.

Prognostic scoring systems used in some clinical trials is from the Memorial Sloan Kettering
Cancer Center (MSKCC), which was derived from evaluating prognostic factors in patients
with mRCC in clinical trials [4]. The validated MSKCC model includes the following five
independent predictors of short survival: time from diagnosis to treatment less than 1 year;
Karnofsky performance status less than 80%; lactate dehydrogenase level more than 1.5 times
ULN; low serum hemoglobin level, and corrected serum calcium level more than 10 mg/dL).
Patients with 0, 1–2, or 3 risk factors are stratified into categories as low risk with good

Figure 1. Chronological transition of pharmacotherapy for mRCC in USA.
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prognosis, intermediate risk, or poor risk, respectively. The MSKCC model has been validated
by an independent group at the Cleveland Clinic, and has been valuable in identifying the
most effective treatment strategy [5].

2. Approved drugs

2.1. Targeting VEGF/VEGFR

Angiogenesis is a key target in the treatment of advanced RCC. Therapeutic strategies include
the inhibition of the receptor of the vascular endothelial growth factor (VEGFR) by tyrosine
kinase inhibitors and the blockage of the ligand (VEGF) by monoclonal antibodies.

2.1.1. Sorafenib

Sorafenib is a small molecule multi-tyrosine kinase inhibitor that targets RAF, MEK, ERK,
VEGFR1–3, PDGFR-β, c-KIT, RET, CRAF, and BRAF, which are involved in tumor cell prolif-
eration and angiogenesis [6].

A randomized phase II trial investigated the efficacy and safety of sorafenib vs. IFN-2α in previ-
ously untreated patients with clear cell RCC. One hundred and eighty nine patients were random-
ized to receive oral sorafenib (400 mg twice daily) or subcutaneous IFN-2α. When the disease
progressed, the dose of sorafenib escalated to 600 mg twice daily for sorafenib patients and IFN-2α
patients had to crossover to sorafenib (400 mg twice daily). The primary endpoint was PFS.

Ninety seven patients in the sorafenib arm received treatment and had a median of
5.7 months PFS vs. 5.6 months for IFN-2α. More sorafenib-treated patients had tumor regres-
sion (68.2 vs. 39.0%). Overall, sorafenib-treated patients show fewer symptoms and better
quality of life [7].

The clinical efficacy of sorafenib has also been shown in the phase III randomized TARGET
trial [8, 9]. Nine hundred and five cytokine-refractory mRCC patients with favorable or inter-
mediate MSKCC risk were randomly assigned to receive sorafenib vs. placebo. The median
PFS was longer in the experimental arm at the time of the interim analysis (5.5 vs. 2.8 months;
hazard ratio (HR) 0.44; p < 0.01) and a median overall survival (OS) of 17.8 months, which was
statistically identical with that of the placebo group, 15.2 months. The most common grade 3
or 4 adverse events (AEs) sorafenib was associated with were as follows: hand-foot-syndrome
(86%), fatigue (5%), dyspnea (4%), and hypertension (4%).

Sorafenib was approved by the U.S. Food and Drug Administration (FDA) and the European
Medicines Agency (EMA) in December 2005 and July 2006, respectively. It was listed as a
category 2A option as first-line treatment for patients with relapse or unresectable stage IV
predominantly clear cell renal carcinoma.

In second line, efficacy of sorafenib was studied in patients who progressed to a previous
tyrosine kinase inhibitor (TKI). The international phase III trial INTORSECT [10] randomized
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associated with substantial side effect. The last decade witnessed the important advance in the
development of renal cell carcinoma (RCC) molecular biology, which leads to the improvement
in the survival of patients with advanced RCC, Nowadays, half of the patients with advance
RCC are likely to survive more than 2 years. Currently, 10 targeted agents are approved for first-
line or later-line use in the treatment of patients with RCC including one monoclonal antibody
targeting vascular endothelial growth factor (VEGF; bevacizumab), six multi-targeted tyrosine
kinase inhibitors (TKIs; sunitinib, sorafenib, axitinib, pazopanib, cabozantinib, and lenvatinib),
two target the mammalian target of rapamycin (mTOR) pathway (everolimus and temsirolimus),
and one target the immune checkpoint programmed death-1 (PD-1) pathway (nivolumab) (Fig-
ure 1). The guidelines of kidney cancer recommend first-line pazopanib, sunitinib, bevacizumab
(plus interferon-2b [IFN-2b]) as category 1 recommended for patients with clear cell histology
and good or intermediate Memorial Sloan Kettering Cancer Center (MSKCC) prognosis (NCCN
category 1 preferred, European Society for Medical Oncology (ESMO) level I evidence of activity
and grade A recommendation). Temsirolimus is only recommended as first-line treatment for
poor-prognosis patients, and in the latest version of NCCN 2018, cabozantinib was added to the
first-line therapy for poor- and intermediate-risk patients based on modified MSKCC criteria [3].
For patients who experience disease progression during (or who are intolerant to) treatment with
a first-line target treatment, subsequent therapy with the highest level of evidence include
cabozantinib, nivolumab, axitinib, or lenvatinib plus everolimus. Although several targeted
agents were recommended, the optimal sequence has not been determined. The goal of therapy
for patients with mRCC is to prolong survival while maintaining good quality of life, which
should be taken into consideration when choosing second-line and third-line agents. Choosing a
sequence of targeted agents with nonoverlapping safety profiles might improve quality of life by
improving tolerability. Looking forward, identification of the optimal sequence of targeted agents
might be achieved through identification of biomarkers and individualization of treatment for
patients with mRCC.

Prognostic scoring systems used in some clinical trials is from the Memorial Sloan Kettering
Cancer Center (MSKCC), which was derived from evaluating prognostic factors in patients
with mRCC in clinical trials [4]. The validated MSKCC model includes the following five
independent predictors of short survival: time from diagnosis to treatment less than 1 year;
Karnofsky performance status less than 80%; lactate dehydrogenase level more than 1.5 times
ULN; low serum hemoglobin level, and corrected serum calcium level more than 10 mg/dL).
Patients with 0, 1–2, or 3 risk factors are stratified into categories as low risk with good
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prognosis, intermediate risk, or poor risk, respectively. The MSKCC model has been validated
by an independent group at the Cleveland Clinic, and has been valuable in identifying the
most effective treatment strategy [5].

2. Approved drugs

2.1. Targeting VEGF/VEGFR

Angiogenesis is a key target in the treatment of advanced RCC. Therapeutic strategies include
the inhibition of the receptor of the vascular endothelial growth factor (VEGFR) by tyrosine
kinase inhibitors and the blockage of the ligand (VEGF) by monoclonal antibodies.

2.1.1. Sorafenib

Sorafenib is a small molecule multi-tyrosine kinase inhibitor that targets RAF, MEK, ERK,
VEGFR1–3, PDGFR-β, c-KIT, RET, CRAF, and BRAF, which are involved in tumor cell prolif-
eration and angiogenesis [6].

A randomized phase II trial investigated the efficacy and safety of sorafenib vs. IFN-2α in previ-
ously untreated patients with clear cell RCC. One hundred and eighty nine patients were random-
ized to receive oral sorafenib (400 mg twice daily) or subcutaneous IFN-2α. When the disease
progressed, the dose of sorafenib escalated to 600 mg twice daily for sorafenib patients and IFN-2α
patients had to crossover to sorafenib (400 mg twice daily). The primary endpoint was PFS.

Ninety seven patients in the sorafenib arm received treatment and had a median of
5.7 months PFS vs. 5.6 months for IFN-2α. More sorafenib-treated patients had tumor regres-
sion (68.2 vs. 39.0%). Overall, sorafenib-treated patients show fewer symptoms and better
quality of life [7].

The clinical efficacy of sorafenib has also been shown in the phase III randomized TARGET
trial [8, 9]. Nine hundred and five cytokine-refractory mRCC patients with favorable or inter-
mediate MSKCC risk were randomly assigned to receive sorafenib vs. placebo. The median
PFS was longer in the experimental arm at the time of the interim analysis (5.5 vs. 2.8 months;
hazard ratio (HR) 0.44; p < 0.01) and a median overall survival (OS) of 17.8 months, which was
statistically identical with that of the placebo group, 15.2 months. The most common grade 3
or 4 adverse events (AEs) sorafenib was associated with were as follows: hand-foot-syndrome
(86%), fatigue (5%), dyspnea (4%), and hypertension (4%).

Sorafenib was approved by the U.S. Food and Drug Administration (FDA) and the European
Medicines Agency (EMA) in December 2005 and July 2006, respectively. It was listed as a
category 2A option as first-line treatment for patients with relapse or unresectable stage IV
predominantly clear cell renal carcinoma.

In second line, efficacy of sorafenib was studied in patients who progressed to a previous
tyrosine kinase inhibitor (TKI). The international phase III trial INTORSECT [10] randomized
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512 mRCC patients with progressive disease after sunitinib in two groups: temsirolimus 25 mg
once weekly (n = 259) or sorafenib 400 mg twice a day (n = 253). The median PFS did not differ
statistically (4.2 vs. 3.9 months) but the secondary endpoint, the OS, favored sorafenib (12.3 vs.
16.6 months).

Sorafenib has also been evaluated in the adjuvant therapy in ASSURE trial [11], however, no
clinical benefit both in the PFS and OS was showed compared to placebo. There are still several
clinical trials that are ongoing in order to verify the role of sorafenib in the adjuvant setting of
RCC, the SORCE trial compares sorafenib to placebo for 1 or 3 years after surgery (NCT00492258)
and The RESORT trial is assessing the clinical value of sorafenib for 1 year after radical resection
of the metastases (NCT01444807) [12].

2.1.2. Sunitinib

Sunitinib is an oral multikinase inhibitor that targets VEGFR 1–3, c-Kit, PDGFR, FMS-like
tyrosine kinase-3 (Flt3), and neurotrophic factor receptor (RET). A large multinational phase
III trial compared sunitinib vs. IFN in 750 untreated patients with mRCC. Patients selected for
the trial had no prior treatment, and around 90% of the patients in the trial had either favorable
or intermediate MSKCC risk features. They were randomized 1:1 to receive oral sunitinib or
subcutaneous IFN. This trial showed a statistically significant benefit for experimental arm in
both objective response rate (ORR) (39 vs. 6%; p < 0.001) and median PFS (11 vs. 5 months; HR
0.54; p < 0.001). However, no difference in median OS was seen, maybe it is due to the
crossover occurring in more than 50% of placebo-assigned patients. The most common grade
3–4 adverse events (AEs) reported were neutropenia (12%), thrombocytopenia (8%), hyperten-
sion (8%), hyperamylasemia (5%), hand foot syndrome (5%), and diarrhea (5%) [13]. Updated
results of the trial demonstrate a strong trend toward median OS in the sunitinib group than in
the IFN-α group (26.4 vs. 21.8 months, p = 0.051) [14].

Based on these studies, this drug received full approval in February 2007 from both the FDA
and the EMA due to the study findings in untreated patients with advanced RCC. And the
NCCN Kidney Cancer Panel has also listed sunitinib as a preferred category 1 option for first-
line treatment for patients with relapsed or medically unresectable predominantly clear cell
stage IV renal carcinoma.

Sunitinib also has demonstrated substantial anti-tumor activity in the subsequent-line therapy
of metastatic RCC after progression on cytokine therapy [15, 16]. Studies investigating the
sequential use of sunitinib and sorafenib are mostly retrospective, along with limited prospec-
tive data, showing their differences in target specificities and slightly different toxicity spectra
that sometimes permit tolerance of one agent over another [17–19]. Sunitinib is considered a
category 2A subsequent therapy option and was registered by the FDA in January 2006 for
patients with mRCC refractory to cytokine therapy.

2.1.3. Pazopanib

Pazopanib is an oral second-generation multitarget receptor tyrosine kinase inhibitor that
targets VEGFR1–3, PDGFR, and c-Kit [20].
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The safety and efficacy of pazopanib was evaluated in a double blind, phase III, international
study. Four hundred and thirty five patients with locally advance and/or mRCC were enrolled
with no prior treatment or with one prior cytokine-based treatment. All the patients were
randomized 2:1 to pazopanib 800 mg daily or placebo. Pazopanib was significantly associated
with a longer median PFS compared with the placebo arm (9.2 vs. 4.2 months; p < 0.0001) [21].
And in the treatment-naive subgroup of 233 patients, pazopanib arm also showed survival
advantage with median PFS of 11.1 months vs. 2.8 months on placebo. The ORR was 30% with
pazopanib and 3% with placebo. The most common grade 3/4 AEs related to pazopanib was
hypertension and diarrhea. The most common grade 3/4 chemistry abnormalities were ALT
elevation and AST elevation.

Another phase III noninferiority study (COMPARZ) compared randomly pazopanib to
sunitinib as first-line therapy for advanced RCC [22], the PFS being the primary endpoint.
One thousand one hundred and ten patients with mRCC were randomized to receive
pazopanib or sunitinib. The predefined criterion for noninferiority was reached with a median
PFS of 8.4 and 9.5 months for pazopanib arm and sunitinib arm respectively (HR 1.05; 95% CI
0.90–1.22), and ORRs were 31% for pazopanib, and 25% for sunitinib. This trial showed a
different safety profile between both drugs: diarrhea and hepatotoxicity being more frequent
with pazopanib, while fatigue, hand-foot syndrome, and alteration in taste were most seen
with sunitinib.

Based on the above evidence, Pazopanib was approved as first-line therapy by the FDA for the
treatment of advanced/metastatic RCC in 2009. And the NCCN Kidney Cancer Panel has listed
pazopanib as a preferred category 1 option for first-line treatment of patients with relapsed or
medically unresectable predominantly clear cell stage IV renal carcinoma.

2.1.4. Axitinib

Axitinib is a second-generation multitarget TKI that inhibits the receptors VEGFR1–3 and with
low inhibitory activities against PDGFR-α, �β and c-Kit.

Some preclinical and clinical data suggested that axitinib might have an increased efficacy
when compared with first-line VEGFR inhibitors. Two phase II trials evaluated axitinib in
patients with cytokine refractory mRCC after sorafenib, the ORR reached 44 and 22.6%,
respectively. The phase III AXIS trial compared axitinib and sorafenib in the second-line
therapy of mRCC, 723 patients in 22 countries were enrolled in the trial. Patients who had
progressed after an initial systemic therapy including sunitinib (54%), cytokines (35%), and
bevacizumab-IFN or temsirolimus (11%) were randomized to 1:1 to axitinib 5 mg twice daily
and sorafenib 400 mg twice daily as a second-line option. Dose of axitinib was predefined to
escalate to 10 mg twice daily according to the toxicity profile of each patient. PFS was the
primary endpoint, patients in the axitinib group showed significantly longer PFS than in the
sorafenib group (6.7 vs. 4.7 months; HR 0.67; p < 0.001). The type of prior treatment did not
impact those study findings. The ORR differed significantly in both arms (19.4 vs. 9.4%;
p < 0.001). The most common adverse events were diarrhea (55%), hypertension (40%), and
fatigue (39%) in the axitinib arm. However, the updated result showed no difference in the
terms of OS between the two groups (20.1 vs. 19.2 months, p = 0.3744) [23].
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512 mRCC patients with progressive disease after sunitinib in two groups: temsirolimus 25 mg
once weekly (n = 259) or sorafenib 400 mg twice a day (n = 253). The median PFS did not differ
statistically (4.2 vs. 3.9 months) but the secondary endpoint, the OS, favored sorafenib (12.3 vs.
16.6 months).

Sorafenib has also been evaluated in the adjuvant therapy in ASSURE trial [11], however, no
clinical benefit both in the PFS and OS was showed compared to placebo. There are still several
clinical trials that are ongoing in order to verify the role of sorafenib in the adjuvant setting of
RCC, the SORCE trial compares sorafenib to placebo for 1 or 3 years after surgery (NCT00492258)
and The RESORT trial is assessing the clinical value of sorafenib for 1 year after radical resection
of the metastases (NCT01444807) [12].

2.1.2. Sunitinib

Sunitinib is an oral multikinase inhibitor that targets VEGFR 1–3, c-Kit, PDGFR, FMS-like
tyrosine kinase-3 (Flt3), and neurotrophic factor receptor (RET). A large multinational phase
III trial compared sunitinib vs. IFN in 750 untreated patients with mRCC. Patients selected for
the trial had no prior treatment, and around 90% of the patients in the trial had either favorable
or intermediate MSKCC risk features. They were randomized 1:1 to receive oral sunitinib or
subcutaneous IFN. This trial showed a statistically significant benefit for experimental arm in
both objective response rate (ORR) (39 vs. 6%; p < 0.001) and median PFS (11 vs. 5 months; HR
0.54; p < 0.001). However, no difference in median OS was seen, maybe it is due to the
crossover occurring in more than 50% of placebo-assigned patients. The most common grade
3–4 adverse events (AEs) reported were neutropenia (12%), thrombocytopenia (8%), hyperten-
sion (8%), hyperamylasemia (5%), hand foot syndrome (5%), and diarrhea (5%) [13]. Updated
results of the trial demonstrate a strong trend toward median OS in the sunitinib group than in
the IFN-α group (26.4 vs. 21.8 months, p = 0.051) [14].

Based on these studies, this drug received full approval in February 2007 from both the FDA
and the EMA due to the study findings in untreated patients with advanced RCC. And the
NCCN Kidney Cancer Panel has also listed sunitinib as a preferred category 1 option for first-
line treatment for patients with relapsed or medically unresectable predominantly clear cell
stage IV renal carcinoma.

Sunitinib also has demonstrated substantial anti-tumor activity in the subsequent-line therapy
of metastatic RCC after progression on cytokine therapy [15, 16]. Studies investigating the
sequential use of sunitinib and sorafenib are mostly retrospective, along with limited prospec-
tive data, showing their differences in target specificities and slightly different toxicity spectra
that sometimes permit tolerance of one agent over another [17–19]. Sunitinib is considered a
category 2A subsequent therapy option and was registered by the FDA in January 2006 for
patients with mRCC refractory to cytokine therapy.

2.1.3. Pazopanib

Pazopanib is an oral second-generation multitarget receptor tyrosine kinase inhibitor that
targets VEGFR1–3, PDGFR, and c-Kit [20].
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The safety and efficacy of pazopanib was evaluated in a double blind, phase III, international
study. Four hundred and thirty five patients with locally advance and/or mRCC were enrolled
with no prior treatment or with one prior cytokine-based treatment. All the patients were
randomized 2:1 to pazopanib 800 mg daily or placebo. Pazopanib was significantly associated
with a longer median PFS compared with the placebo arm (9.2 vs. 4.2 months; p < 0.0001) [21].
And in the treatment-naive subgroup of 233 patients, pazopanib arm also showed survival
advantage with median PFS of 11.1 months vs. 2.8 months on placebo. The ORR was 30% with
pazopanib and 3% with placebo. The most common grade 3/4 AEs related to pazopanib was
hypertension and diarrhea. The most common grade 3/4 chemistry abnormalities were ALT
elevation and AST elevation.

Another phase III noninferiority study (COMPARZ) compared randomly pazopanib to
sunitinib as first-line therapy for advanced RCC [22], the PFS being the primary endpoint.
One thousand one hundred and ten patients with mRCC were randomized to receive
pazopanib or sunitinib. The predefined criterion for noninferiority was reached with a median
PFS of 8.4 and 9.5 months for pazopanib arm and sunitinib arm respectively (HR 1.05; 95% CI
0.90–1.22), and ORRs were 31% for pazopanib, and 25% for sunitinib. This trial showed a
different safety profile between both drugs: diarrhea and hepatotoxicity being more frequent
with pazopanib, while fatigue, hand-foot syndrome, and alteration in taste were most seen
with sunitinib.

Based on the above evidence, Pazopanib was approved as first-line therapy by the FDA for the
treatment of advanced/metastatic RCC in 2009. And the NCCN Kidney Cancer Panel has listed
pazopanib as a preferred category 1 option for first-line treatment of patients with relapsed or
medically unresectable predominantly clear cell stage IV renal carcinoma.

2.1.4. Axitinib

Axitinib is a second-generation multitarget TKI that inhibits the receptors VEGFR1–3 and with
low inhibitory activities against PDGFR-α, �β and c-Kit.

Some preclinical and clinical data suggested that axitinib might have an increased efficacy
when compared with first-line VEGFR inhibitors. Two phase II trials evaluated axitinib in
patients with cytokine refractory mRCC after sorafenib, the ORR reached 44 and 22.6%,
respectively. The phase III AXIS trial compared axitinib and sorafenib in the second-line
therapy of mRCC, 723 patients in 22 countries were enrolled in the trial. Patients who had
progressed after an initial systemic therapy including sunitinib (54%), cytokines (35%), and
bevacizumab-IFN or temsirolimus (11%) were randomized to 1:1 to axitinib 5 mg twice daily
and sorafenib 400 mg twice daily as a second-line option. Dose of axitinib was predefined to
escalate to 10 mg twice daily according to the toxicity profile of each patient. PFS was the
primary endpoint, patients in the axitinib group showed significantly longer PFS than in the
sorafenib group (6.7 vs. 4.7 months; HR 0.67; p < 0.001). The type of prior treatment did not
impact those study findings. The ORR differed significantly in both arms (19.4 vs. 9.4%;
p < 0.001). The most common adverse events were diarrhea (55%), hypertension (40%), and
fatigue (39%) in the axitinib arm. However, the updated result showed no difference in the
terms of OS between the two groups (20.1 vs. 19.2 months, p = 0.3744) [23].
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To determine its effectiveness in the first-line setting, a randomized, phase III study was
carried out. Around 288 patients were randomized 2:1 to receive axitinib and sorafenib, and
the result indicated that axitinib was associated with improvements in both median PFS: 6.5
vs. 10.1 months (HR 0.767; p = 0.0377) and ORR 14.6 versus 32.3% (p = 0.0006), respectively,
while these results were inferior to those of sunitinib or pazopanib [24].

Based on these results, the NCCN panel listed axitinib as a first-line treatment option (category
2A) and second-line treatment option (category 1).

Axitinib is also being evaluated in the adjuvant setting in the ATLAS trial (NCT01599754), a
prospective, randomized, double blind placebo-controlled phase III trial, axitinib was given
orally at 5 mg twice daily for 3 years vs. placebo. The study has completed recruitment and the
results are awaited.

2.1.5. Lenvatinib

Lenvatinib is an oral active multikinase inhibitor that shows inhibitory activity against VEGFR1–3,
FGFR 1–4, PDGFR-β, RET, and KIT.

A phase Ib clinical trial evidenced that the combination of daily lenvatinib 18 mg and
everolimus at 5 mg was a potential therapeutic option for mRCC patients who had disease
progression after antiangiogenics therapy: the OR was 30% and the median PFS reached
330 days (95%CI 157-446) [25].

A multicenter phase II trial that randomized 153 patients with metastatic, unresectable,
or locally advanced mRCC whose disease progressed after a first-line treatment of anti-
angiogenic agents. Patients were randomized to lenvatinib plus everolimus or single agent
of lenvatinib or everolimus. Patients treated with the combination therapy experienced
better PFS than patients treated by everolimus alone (14.6 vs. 5.5 months; HR, 0.40; 95%
CI 0.24–0.68), and also with superiority in OS (25.5 vs. 15.4 months; HR, 0.67; 95% CI
0.42–1.08). Grade 3–4 AEs occur in fewer patients with everolimus alone compared with
lenvatinib alone and combination therapy (everolimus 50%, lenvatinib 79%, combination
71%) [26].

In March 2016, the FDA approved the combination of lenvatinib with everolimus for
the treatment of patients with advanced RCC following one prior antiangiogenic therapy,
and it was listed as a category 1 recommendation for subsequent therapy by the NCCN
Cancer Panel. In July 2016, the EMA registered the combination under accelerated assess-
ment program.

2.1.6. Cabozantinib

Cabozantinib is an oral small molecule TKI of MET, VEGFR2, RET, and AXL with promising
antitumor activity evidenced in preclinical studies. The clinical effectiveness of cabozantinib
focused in patients who had already progressed to previous treatment. METEOR is a ran-
domized open-label phase III clinical trial, which compared cabozantinib vs. everolimus in
the patients with advanced RCC that had disease progression after prior antiangiogenics. All
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the patients were allocated into two arms: cabozantinib at a dose of 60 mg daily and
everolimus at 10 mg daily. Median PFS and ORR were superior in the experimental arm: 7.4
vs. 3.8 months (HR 0.58; 95% CI 0.45–0.75), and ORR 21 vs. 5%, respectively. A planned
interim analysis showed that OS was improved in the cabozantinib arm (HR 0.67; 95% CI
0.51–0.89; P = 0.005). Grade 3–4 AEs were reported in 74% of cabozantinib arm and 65% of
the everolimus arm.

In April and July 2016, the FDA and the EMA approved cabozantinib for the treatment of
patients with an advanced RCC refractory to antiangiogenics, respectively.

The most recent CABOSUN phase II multicenter trial evaluated cabozantinib in a population
of patients with intermediate or poor prognosis mRCC. Patients are randomized 1:1 to caboz-
antinib of 60 mg daily or sunitinib 50 mg daily. The primary endpoint was PFS. Cabozantinib
associated with a better median PFS than sunitinib in the first line setting (8.2 vs. 5.6 months; HR,
0.66; 95%CI, 0.46–0.95; one-sided p = 0.012). ORRwas 46% for cabozantinib vs. 18% for sunitinib.
Grade 3–4 AEs of all causality were 67% for cabozantinib and 68% for sunitinib that comprised
fatigue, hypertension, diarrhea palmar-plantar erythrodysesthesia, and hematological toxicity.
Sixty-seven percentage of the patient allocated to cabozantinib caused grade 3 or 4 AEs, which
included hypertension (28%), diarrhea (10%), and fatigue (6%) [3].

Based on the data of CABOSUN trial, cabozantinib has been listed in the first-line setting for
poor- and intermediate- risk of mRCC patients in the updated version 2018 NCCN guideline.

2.1.7. Bevacizumab along with interferon

Bevacizumab is an endovenous recombinant human monoclonal antibody that binds and
neutralizes VEGF-A, which are biologically active. It was also the first antiangiogenic treat-
ment to show clinical efficacy in advanced RCC.

In a randomized double-blind phase II trial, 116 patients with mRCC with measurable meta-
static disease were randomized into three arms: placebo, low-dose (3 mg/kg), or high-dose of
bevacizumab (10 mg/kg) every 2 weeks. The results demonstrated a significant prolongation of
PFS in the high-dose bevacizumab comparing to the placebo group (HR 2.55; P < 0.001) [27]. A
multicenter phase III trial (AVOREN) compared bevacizumab in combination with IFN-α to
IFN-α in the first line of treatment. Six hundred and forty nine patients were enrolled. The
median PFS was significantly longer in the arm with combination arm than in the arm with the
monotherapy (10.2 vs. 5.4 months), and ORR (30.6 vs. 12.4%) was significantly different. A trend
toward improved OS was observed although not statistical significantly (23.3 vs. 21.3 months).
These results could be due to the crossover to the bevacizumab plus IFN-α group before
progression. The main side effects related to the combination included asthenia (11%), fatigue
(13%), proteinuria (8%), and hypertension (6%) [28].

The CALGB90206, which is a prospective, randomized, phase III trial clinical carried out in
United States showed the similar results with the AVOREN trial, with 732 treat-naïve patients
randomized 1:1 to monotherapy of IFN-α or bevacizumab plus IFN-α. The combination group
produced better PFS (8.5 vs. 5.2 months) and ORR (25.5 vs. 13.1%). Also, no significant
differences exist in OS between the two groups [29].
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To determine its effectiveness in the first-line setting, a randomized, phase III study was
carried out. Around 288 patients were randomized 2:1 to receive axitinib and sorafenib, and
the result indicated that axitinib was associated with improvements in both median PFS: 6.5
vs. 10.1 months (HR 0.767; p = 0.0377) and ORR 14.6 versus 32.3% (p = 0.0006), respectively,
while these results were inferior to those of sunitinib or pazopanib [24].

Based on these results, the NCCN panel listed axitinib as a first-line treatment option (category
2A) and second-line treatment option (category 1).

Axitinib is also being evaluated in the adjuvant setting in the ATLAS trial (NCT01599754), a
prospective, randomized, double blind placebo-controlled phase III trial, axitinib was given
orally at 5 mg twice daily for 3 years vs. placebo. The study has completed recruitment and the
results are awaited.

2.1.5. Lenvatinib

Lenvatinib is an oral active multikinase inhibitor that shows inhibitory activity against VEGFR1–3,
FGFR 1–4, PDGFR-β, RET, and KIT.

A phase Ib clinical trial evidenced that the combination of daily lenvatinib 18 mg and
everolimus at 5 mg was a potential therapeutic option for mRCC patients who had disease
progression after antiangiogenics therapy: the OR was 30% and the median PFS reached
330 days (95%CI 157-446) [25].

A multicenter phase II trial that randomized 153 patients with metastatic, unresectable,
or locally advanced mRCC whose disease progressed after a first-line treatment of anti-
angiogenic agents. Patients were randomized to lenvatinib plus everolimus or single agent
of lenvatinib or everolimus. Patients treated with the combination therapy experienced
better PFS than patients treated by everolimus alone (14.6 vs. 5.5 months; HR, 0.40; 95%
CI 0.24–0.68), and also with superiority in OS (25.5 vs. 15.4 months; HR, 0.67; 95% CI
0.42–1.08). Grade 3–4 AEs occur in fewer patients with everolimus alone compared with
lenvatinib alone and combination therapy (everolimus 50%, lenvatinib 79%, combination
71%) [26].

In March 2016, the FDA approved the combination of lenvatinib with everolimus for
the treatment of patients with advanced RCC following one prior antiangiogenic therapy,
and it was listed as a category 1 recommendation for subsequent therapy by the NCCN
Cancer Panel. In July 2016, the EMA registered the combination under accelerated assess-
ment program.

2.1.6. Cabozantinib

Cabozantinib is an oral small molecule TKI of MET, VEGFR2, RET, and AXL with promising
antitumor activity evidenced in preclinical studies. The clinical effectiveness of cabozantinib
focused in patients who had already progressed to previous treatment. METEOR is a ran-
domized open-label phase III clinical trial, which compared cabozantinib vs. everolimus in
the patients with advanced RCC that had disease progression after prior antiangiogenics. All
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the patients were allocated into two arms: cabozantinib at a dose of 60 mg daily and
everolimus at 10 mg daily. Median PFS and ORR were superior in the experimental arm: 7.4
vs. 3.8 months (HR 0.58; 95% CI 0.45–0.75), and ORR 21 vs. 5%, respectively. A planned
interim analysis showed that OS was improved in the cabozantinib arm (HR 0.67; 95% CI
0.51–0.89; P = 0.005). Grade 3–4 AEs were reported in 74% of cabozantinib arm and 65% of
the everolimus arm.

In April and July 2016, the FDA and the EMA approved cabozantinib for the treatment of
patients with an advanced RCC refractory to antiangiogenics, respectively.

The most recent CABOSUN phase II multicenter trial evaluated cabozantinib in a population
of patients with intermediate or poor prognosis mRCC. Patients are randomized 1:1 to caboz-
antinib of 60 mg daily or sunitinib 50 mg daily. The primary endpoint was PFS. Cabozantinib
associated with a better median PFS than sunitinib in the first line setting (8.2 vs. 5.6 months; HR,
0.66; 95%CI, 0.46–0.95; one-sided p = 0.012). ORRwas 46% for cabozantinib vs. 18% for sunitinib.
Grade 3–4 AEs of all causality were 67% for cabozantinib and 68% for sunitinib that comprised
fatigue, hypertension, diarrhea palmar-plantar erythrodysesthesia, and hematological toxicity.
Sixty-seven percentage of the patient allocated to cabozantinib caused grade 3 or 4 AEs, which
included hypertension (28%), diarrhea (10%), and fatigue (6%) [3].

Based on the data of CABOSUN trial, cabozantinib has been listed in the first-line setting for
poor- and intermediate- risk of mRCC patients in the updated version 2018 NCCN guideline.

2.1.7. Bevacizumab along with interferon

Bevacizumab is an endovenous recombinant human monoclonal antibody that binds and
neutralizes VEGF-A, which are biologically active. It was also the first antiangiogenic treat-
ment to show clinical efficacy in advanced RCC.

In a randomized double-blind phase II trial, 116 patients with mRCC with measurable meta-
static disease were randomized into three arms: placebo, low-dose (3 mg/kg), or high-dose of
bevacizumab (10 mg/kg) every 2 weeks. The results demonstrated a significant prolongation of
PFS in the high-dose bevacizumab comparing to the placebo group (HR 2.55; P < 0.001) [27]. A
multicenter phase III trial (AVOREN) compared bevacizumab in combination with IFN-α to
IFN-α in the first line of treatment. Six hundred and forty nine patients were enrolled. The
median PFS was significantly longer in the arm with combination arm than in the arm with the
monotherapy (10.2 vs. 5.4 months), and ORR (30.6 vs. 12.4%) was significantly different. A trend
toward improved OS was observed although not statistical significantly (23.3 vs. 21.3 months).
These results could be due to the crossover to the bevacizumab plus IFN-α group before
progression. The main side effects related to the combination included asthenia (11%), fatigue
(13%), proteinuria (8%), and hypertension (6%) [28].

The CALGB90206, which is a prospective, randomized, phase III trial clinical carried out in
United States showed the similar results with the AVOREN trial, with 732 treat-naïve patients
randomized 1:1 to monotherapy of IFN-α or bevacizumab plus IFN-α. The combination group
produced better PFS (8.5 vs. 5.2 months) and ORR (25.5 vs. 13.1%). Also, no significant
differences exist in OS between the two groups [29].
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Bevacizumab plus IFN was registered in November 2007 and in August 2009 by the EMA and
the FDA, respectively, for untreated patients with mRCC of good or intermediate risk (Memo-
rial Sloan Kettering Cancer Center (MSKCC) classification.

2.2. Targeting the mammalian target of rapamycin (mTOR) pathway

TORC1 and TORC2 are two multiprotein complexes, which include a serine threonine kinase
called mTOR, and they can regulate micronutrients, cell growth, apoptosis, and angiogenesis.
mTOR inhibitor can inhibit small-molecule kinase, which lies downstream in the phosphati-
dylinositol 3-kinase (PI3K)-AKT pathway.

2.2.1. Temsirolimus

Temsirolimus is an intravenous mTOR inhibitor, which inhibits the TORC1 complex by bind-
ing FKBP12 protein. Temsirolimus showed promising effectiveness in patients with mRCC in
the early phase clinical trials [30, 31].

A phase III, multicenter open-label, clinical trial in untreated mRCC patients were carried out
with three of six unfavorable prognosis factors. Six hundred and twenty six patients were
randomized equally to three arms of treatment: IFN, temsirolimus, or IFN plus temsirolimus.
The primary endpoint was OS. Patents were stratified with prior nephrectomy and geographic
region. Patients who received temsirolimus alone experienced the best clinical outcome,
showed a significant improvement in OS for 10.9 months (p = 0.008 vs. IFN 7.3 months) while
the toxicity profile was acceptable. The combination group failed to improve the OS and PFS
and also with increased adverse reactions [32]. About 20% of the patients included in this trial
with nonclear cell RCC also benefited from temsirolimus.

Based on these data, in 2007, this drug was approved by both the FDA and the EMA as a
category 1 recommendation for first-line treatment of poor-risk patients with relapsed or
medically unresectable predominantly clear cell stage IV renal carcinoma.

2.2.2. Everolimus

Everolimus is an orally administered inhibitor of mTOR, and it showed promising antitumor
activity in patients with advanced RCC previously treated with cytokines [33]. Based on the
results, a phase III, randomized, double-blind trial was designed (RECORD1) to evaluate the
efficacy and toxicity of everolimus vs. placebo for the treatment of mRCC patients whose
disease had progressed on the treatment of VEGFR inhibitors (sorafenib or sunitinib) [34].
The primary endpoint was PFS, and the secondary endpoints included OS and safety. The
results of the second interim analysis indicated that the everolimus arm was associated with
better PFS than the placebo arm (4.9 vs. 1.9 months; HR 0.33; p < 0.001). However, no signifi-
cant differences exist in median OS between both arms (14.8 vs. 14.4 months; HR 0.87;
p = 0.162). The most commonly AEs observed in the everolimus treatment arm were stomatitis
(40%), rash (25%), and fatigue (20%), which were mostly mild or moderate in severity. Pneu-
monitis was caused in 8% of the patients with everolimus treated, eight of them reaching a
grade 3 of severity.
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A recent randomize phase III trial compares nivolumab with everolimus in patients with
advanced mRCC who were previously treated, indicated that the OS was longer occurred
with nivolumab than with everolimus (25.0 vs. 19.6 months, p = 0.002) [35]. In METEOR trial,
which is also a phase III trial, randomized 658 patients to receive cabozantinib or everolimus;
the result showed longer PFS with cabozantinib compared to everolimus (7.4 vs. 3.8 months;
HR:0.58; p < 0.001) [36].

Based on the above data, in 2009, everolimus was approved by both the FDA and the EMA as a
category 2A subsequent therapy option for the treatment of mRCC after antiangiogenics.

2.3. Immunotherapy

T cells play an important role in anti-tumor activity through stimulatory and inhibitory system.
Due to high mutation and other factors, immune system has been made to be self-tolerant by
cancer cells, the most active immunotherapy recently be studied include: anti-PD1, anti-PDL1,
and anti-CTLA-4. Immunotherapy with monoclonal antibodies against the programmed cell
death 1 (PD-1) protein has become an important and effective therapy of advanced melanoma
and nonsmall cell lung cancer and also is now being tested in a large number of malignancies.
It has been tested in RCC with success results.

2.3.1. Nivolumab

Nivolumab is a fully human IgG4 antibody against PD-1. A phase I clinical trial was designed
to determine the safety and tolerability of nivolumab with treatment-refractory solid tumor,
one RCC patient previously treated experienced an overall PR that lasted more than 16 months
after only three infusions of nivolumab [37]. These findings prompted the clinical development
of this compound in the treatment of mRCC.

A randomized open-label phase III study CheckMate 025 compared nivolumab with
everolimus in patients with previously treated mRCC. Eight hundred and twenty one
patients were randomly assigned 1:1 to receive nivolumab or everolimus. The primary
end point was OS. Patients in the experimental arm experienced better median OS of 25
vs. 19 months (HR 0.73; p = 0.002) and greater ORR (25 vs. 5%; p<0.001). Grade 3–4
toxicities occurred in 19 and 37% for patients receiving nivolumab and everolimus, respec-
tively [35].

Based on the results of the CheckMate 025, nivolumab was approved by the FDA and the EMA
as a category 1, preferred subsequent therapy option in November 2015 and February 2016,
respectively for the treatment of RCC after progression to TKI therapy.

The clinical development of nivolumab in RCC is currently very intense, and multiple studies
are testing the value of strategies in several ways. Phase I CheckMate 016 clinical trial evalu-
ated the efficacy and safety of the combination of nivolumab with the anti-CTLA4 ipilimumab
[38]. CheckMate 214 (NCT02231749) evaluates the role of ipilimumab in combination with
nivolumab in patients who do not response after monotherapy of nivolumab, and results are
highly awaited.
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the toxicity profile was acceptable. The combination group failed to improve the OS and PFS
and also with increased adverse reactions [32]. About 20% of the patients included in this trial
with nonclear cell RCC also benefited from temsirolimus.

Based on these data, in 2007, this drug was approved by both the FDA and the EMA as a
category 1 recommendation for first-line treatment of poor-risk patients with relapsed or
medically unresectable predominantly clear cell stage IV renal carcinoma.

2.2.2. Everolimus

Everolimus is an orally administered inhibitor of mTOR, and it showed promising antitumor
activity in patients with advanced RCC previously treated with cytokines [33]. Based on the
results, a phase III, randomized, double-blind trial was designed (RECORD1) to evaluate the
efficacy and toxicity of everolimus vs. placebo for the treatment of mRCC patients whose
disease had progressed on the treatment of VEGFR inhibitors (sorafenib or sunitinib) [34].
The primary endpoint was PFS, and the secondary endpoints included OS and safety. The
results of the second interim analysis indicated that the everolimus arm was associated with
better PFS than the placebo arm (4.9 vs. 1.9 months; HR 0.33; p < 0.001). However, no signifi-
cant differences exist in median OS between both arms (14.8 vs. 14.4 months; HR 0.87;
p = 0.162). The most commonly AEs observed in the everolimus treatment arm were stomatitis
(40%), rash (25%), and fatigue (20%), which were mostly mild or moderate in severity. Pneu-
monitis was caused in 8% of the patients with everolimus treated, eight of them reaching a
grade 3 of severity.
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A recent randomize phase III trial compares nivolumab with everolimus in patients with
advanced mRCC who were previously treated, indicated that the OS was longer occurred
with nivolumab than with everolimus (25.0 vs. 19.6 months, p = 0.002) [35]. In METEOR trial,
which is also a phase III trial, randomized 658 patients to receive cabozantinib or everolimus;
the result showed longer PFS with cabozantinib compared to everolimus (7.4 vs. 3.8 months;
HR:0.58; p < 0.001) [36].

Based on the above data, in 2009, everolimus was approved by both the FDA and the EMA as a
category 2A subsequent therapy option for the treatment of mRCC after antiangiogenics.

2.3. Immunotherapy

T cells play an important role in anti-tumor activity through stimulatory and inhibitory system.
Due to high mutation and other factors, immune system has been made to be self-tolerant by
cancer cells, the most active immunotherapy recently be studied include: anti-PD1, anti-PDL1,
and anti-CTLA-4. Immunotherapy with monoclonal antibodies against the programmed cell
death 1 (PD-1) protein has become an important and effective therapy of advanced melanoma
and nonsmall cell lung cancer and also is now being tested in a large number of malignancies.
It has been tested in RCC with success results.

2.3.1. Nivolumab

Nivolumab is a fully human IgG4 antibody against PD-1. A phase I clinical trial was designed
to determine the safety and tolerability of nivolumab with treatment-refractory solid tumor,
one RCC patient previously treated experienced an overall PR that lasted more than 16 months
after only three infusions of nivolumab [37]. These findings prompted the clinical development
of this compound in the treatment of mRCC.

A randomized open-label phase III study CheckMate 025 compared nivolumab with
everolimus in patients with previously treated mRCC. Eight hundred and twenty one
patients were randomly assigned 1:1 to receive nivolumab or everolimus. The primary
end point was OS. Patients in the experimental arm experienced better median OS of 25
vs. 19 months (HR 0.73; p = 0.002) and greater ORR (25 vs. 5%; p<0.001). Grade 3–4
toxicities occurred in 19 and 37% for patients receiving nivolumab and everolimus, respec-
tively [35].

Based on the results of the CheckMate 025, nivolumab was approved by the FDA and the EMA
as a category 1, preferred subsequent therapy option in November 2015 and February 2016,
respectively for the treatment of RCC after progression to TKI therapy.

The clinical development of nivolumab in RCC is currently very intense, and multiple studies
are testing the value of strategies in several ways. Phase I CheckMate 016 clinical trial evalu-
ated the efficacy and safety of the combination of nivolumab with the anti-CTLA4 ipilimumab
[38]. CheckMate 214 (NCT02231749) evaluates the role of ipilimumab in combination with
nivolumab in patients who do not response after monotherapy of nivolumab, and results are
highly awaited.
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2.4. Target therapy for nonclear cell RCC

The only available category 1 preferred recommendation for systemic treatment of nonclear
cell RCC (nccRCC) is temsirolimus, and it was commended in patients with poor-risk features
[32]. Although other targeted agents against the VEGF and mTOR pathways are frequently
used in the treatment of nccRCC, optimal first-line agent is much less defined and the out-
comes are inferior to that in patients with ccRCC [39, 40]. Immune checkpoint inhibitors
appear promising effect in early clinical trials and we look forward to a good result in the
updating clinical trial.

3. Upcoming therapies in RCC

3.1. Last generation for targeting VEGF/VEGFR

3.1.1. Dovitinib

Dovitinib (TKI-258) is an oral tyrosine-kinase inhibitor that inhibits VEGF and FGF receptors.
In a multicenter phase III study, patients who previously received VEGF-targeted therapy or
mTOR inhibitor were randomized to dovitinib or sorafenib. The results indicated that the
mPFS was 3.7 months in dovitinib group vs. 3.6 months in sorafenib group, showing improve-
ment in mPFS, however, with no significant difference [41]. A phase II clinical trial has been
designed to find out the usefulness of dovitinib in the initial treatment for patients with
advanced kidney cancer, and the study will additionally look for changes in the genetic
makeup of tumor cells.

3.1.2. Trebananib

Angiopoietin-2 (Ang2) exhibits broad expression in the remodeling vasculature of tumors but
not in the normal tissues. Trebananib (AMG-386) can bind to angiopoietin 1 and 2 and block
their union with the Tie2 receptor tyrosine kinase, showing its antiangiogenic effect. In pre-
clinical and clinical phase I studies, AMG-386 showed a good safety profile in inhibiting tumor
growth [42]. A randomized phase II trial showed that AMG-386 plus sorafenib reach a RR of
38% in RCC patients previously treated [43].

3.2. Immunotherapy

3.2.1. Pembrolizumab

Pembrolizumab (MK-3475) is a highly selective IgG4-humanized monoclonal antibody, which
prevents the binding of PD-1 with PD-L1 and PD-L2. A phase I study evaluated the safety,
tolerated does, and antitumor effect of pembrolizumab in patients with advanced solid
tumors. It showed durable antitumor activity in multiple solid tumors including RCC [44].
There are two clinical trials NCT02212730 and NCT02853344, both of which are currently
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recruiting, are going to test the effect of pembrolizumab in the neoadjuvant treatment for
localized RCC and in untreated mRCC, respectively as monotherapy.

3.2.2. Avelumab

Avelumab (MSB0010718C) is a human IgG1 monoclonal antibody against PD-L1. Avelumab
binds to PD-L1 inhibiting its binding to PD-1 and therefore inhibiting its activation of T cells
and restoring anticancer immune function. In an open-label, single-center, phase 1a trial, safety
and activity of this compound was tested in multiple solid tumors including RCC and
prompted the further research for this drug [45]. An open, randomized phase II trial SUAVE,
which is recruiting is going to compare avelumab followed by sunitinib with the opposite
sequence. The effect of avelumab in the combination therapy is also being evaluated. A phase
III, multinational, randomized trial is going to compare avelumab with axitinib vs. sunitinib in
advance renal cell cancer which is currently recruiting (NCT02684006).

3.2.3. Atezolizumab

Atezolizumab (MPDL-3280A) is a PD-L1-specific monoclonal antibody, which inhibits the
binding of PD-L1 to PD-1. Based on the promising date in the phase I clinical trial [46], a
further phase II clinical trial IMmotion 150 enrolled untreated mRCC patients, and random-
ized them into three arms, atezolizumab alone, atezolizumab with bevacizumab, and sunitinib
alone. Preliminary result showed no significant difference in PFS between the two arms with
immunotherapy, PD-1+ patients showed a trend of survival benefit, although with no signifi-
cant difference. The IMmotion 151 phase III trial is ongoing to assess the combination of
atezolizumab with sunitinib in mRCC.

3.2.4. Ipilimumab

Ipilimumab is an antibody against CTLA-4 and it shows powerful antitumor activity and
clinical experience in the treatment of patients with metastatic melanoma. Therefore, a phase
II trial was conducted in patients with mRCC, observing a 10% partial RR, 33% of the patients
experienced a grade III or IV immune-mediated toxicity [47]. The efficacy of ipilimumab
combine with other drugs is also being evaluated in some trials, like the phase III, randomized
study CheckMate 214, comparing the combination of nivolumab and ipilimumabwith sunitinib
monotherapy in previously untreated local advanced RCC or mRCC. Ipilimumab is also being
investigated in association with other drugs for the treatment of advanced RCC, like Check-
Mate 214 study or Keynote-29 study.

Due to the remarkable development of the advanced in the molecular mechanism and cytoge-
netic of tumor in the last decade, targeted agents directed against VEGF, VEGFR, and mTOR
have been important therapy in mRCC. Immune checkpoint inhibitors also appear promising
power, and a lot of novel targets including small molecule TKIs and immunotherapies are
entering clinical trials, which will update the treatment paradigms in the future time. It is
hoped that with better understanding of the molecular diversity of RCC, more effective and
personalized therapeutic strategies can be developed against mRCC to make the patients
obtain the maximum benefit.
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tolerated does, and antitumor effect of pembrolizumab in patients with advanced solid
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localized RCC and in untreated mRCC, respectively as monotherapy.

3.2.2. Avelumab
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Abstract

In 2018, there were an estimated 400,000 new cases of renal cell carcinoma (RCC) world-
wide—with 64,000 cases in the United States and 12,600 in the United Kingdom (UK). 
The medical management of RCC is an integral part of treatment as between one-quarter 
and one-third of patients will present with metastatic disease. There has been a rapid 
evolution of targeted and novel treatments for RCC over the last two decades. This chap-
ter explores the biology of renal cell carcinoma and current treatment strategies.
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1. Introduction

Renal cell carcinoma (RCC) is the fourteenth most common cancer internationally [1]. There were 
estimated to be around 400,000 new cases worldwide in 2018, with 64,000 cases in the United 
States of America and 12,600 in the United Kingdom (UK) [1–3]. The increasing incidence of 
RCC worldwide over the past three decades has been attributed to increasing obesity, increasing 
height, and increasing tobacco smoking [4, 5]. RCC is also noted to be twice as prevalent in men 
than women [4]. Overall, 25–30% of patients have locally advanced RCC or metastatic disease at 
presentation [6], although in the UK, the proportion is 40% [3]. Systemic therapy and, in selected 
cases, surgical intervention has an important role in the management of metastatic RCC. The 
landscape of available systemic treatment options has developed rapidly over the past 10 years 
with a wide variety of systemic strategies now being employed. This chapter will review current 
therapies in the metastatic setting, consider the evidence for adjuvant systemic treatment, as well 
as look at some of the promising new therapies that are likely to emerge in the coming years.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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2. Histological subtypes

Renal cell carcinoma is divided into several histological subtypes, of which the most common 
is clear cell renal cell carcinoma (ccRCC), accounting for approximately three-quarters of all 
kidney cancers [7]. Clear cell RCC originates from the epithelium of the proximal convo-
luted tubules. Most are sporadic, but there is a strong familial connection with those with a 
first-degree relative more likely to be effected and around 5% are associated with hereditary 
conditions such as Von Hippel–Lindau disease, tuberous sclerosis, and adult polycystic dis-
ease. The next most prevalent histological subtypes are papillary (10%) and chromophobe 
(5%) [7]. These three histological subtypes make up 90% of renal cell carcinomas and are also 
most common in patients over the age of 50 years. Other rarer subtypes, such as medullary 
and Xp11 translocation, are typically seen in younger people. A better understanding of the 
genetic drivers for renal cell carcinoma has led to the development of targeted systemic agents 
and revolutionised the metastatic treatment landscape.

3. Staging and risk stratification in renal cell carcinoma

Staging for RCC is based on the TNM 8 classification and staging groups [8]. The staging takes 
into account the size and loco-regional extent of the tumour in addition to lymph node and 
distant metastatic spread [9]. Table 1 illustrates this is in further detail.

In metastatic renal cell carcinoma, the decision to treat and, more importantly the choice of 
initial treatment, is based on risk stratification of the patients into three groups. The choice 
of initial systemic therapy in metastatic RCC may be informed by risk stratification using 
the International Metastatic Renal Cell Carcinoma Database Consortium (IMDC) prognostic 
model [10–12].

The six adverse risk factors in the IMDC model are as follows [11]:

• time from original diagnosis to initiation of targeted therapy <1 year;

• Karnofsky performance score < 80;

• haemoglobin < lower limit of normal;

• neutrophil > upper limit of normal;

• platelet > upper limit of normal; and

• serum calcium > upper limit of normal.

Patients with none of these risk factors are considered to be in the favourable-risk group, 
those with one or two are considered to be in the intermediate-risk group, and those with 
three or more risk factors are considered to be in the poor-risk group. These groups correlate 
with median overall survival: 43.2 months in the favourable-risk group, 22.5 months in the 
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intermediate-risk group, and 7.8 months in the poor-risk group [11]. Oncologists use this, or 
similar risk stratification, to decide upon the most appropriate treatment from the systemic 
options available. The advantage of the IMDC-model-based risk stratification is that it has 
been validated in both clear cell and non-clear cell histopathological groups and after first line 
and subsequent lines of treatment [11–14].

TX

T0

T1

T1a

T1b

T2

T2a

T2b

T3

T3a

T3b

T3c

T4

Primary tumour cannot be assessed

No evidence of primary tumour

Tumour ≤7 cm in greatest dimension, limited to the kidneys

Tumour ≤4 cm in greatest dimension, limited to the kidneys

Tumour >4 and ≤7 cm in greatest dimension, limited to the kidneys

Tumour >7 cm in greatest dimension, limited to the kidneys

Tumour >7 and ≤10 cm in greatest dimension, limited to the kidneys

Tumour >10 cm in greatest dimension, limited to the kidneys

Tumour extends into major veins or perinephric tissues, but not into the ipsilateral 
adrenal gland and not beyond Gerota’s fascia

Tumour extends into the renal veins or its segmental branches, or invades the 
pelvicalyceal system, or invades perirenal and/or renal sinus fat but not beyond Gerota’s 
fascia

Tumour extends into the vena cava below the diaphragm

Tumour extends into the vena cava above the diaphragm or invades the wall of the vena 
cava

Tumour invades beyond Gerota’s fascia (including contiguous extension into the 
ipsilateral adrenal gland)

NX

N0

N1

Regional lymph nodes cannot be assessed

No regional lymph nodes metastasis

Metastasis in regional lymph node(s)

M0

M1

No distant metastasis

Distant metastasis

Prognostic groups

T stage N stage M stage Stage group

T1 N0 M0 I

T1 N1 M0 III

T2 N0 M0 II

T2 N1 M0 III

T3 Nx, N0 M0 III

T3 N1 M0 III

T4 Any N M0 IV

Any T Any N M1 IV

Table 1. TNM staging of renal cell carcinoma [8].
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pelvicalyceal system, or invades perirenal and/or renal sinus fat but not beyond Gerota’s 
fascia

Tumour extends into the vena cava below the diaphragm

Tumour extends into the vena cava above the diaphragm or invades the wall of the vena 
cava

Tumour invades beyond Gerota’s fascia (including contiguous extension into the 
ipsilateral adrenal gland)

NX

N0

N1

Regional lymph nodes cannot be assessed

No regional lymph nodes metastasis

Metastasis in regional lymph node(s)

M0

M1

No distant metastasis

Distant metastasis

Prognostic groups

T stage N stage M stage Stage group

T1 N0 M0 I

T1 N1 M0 III

T2 N0 M0 II

T2 N1 M0 III

T3 Nx, N0 M0 III

T3 N1 M0 III

T4 Any N M0 IV

Any T Any N M1 IV

Table 1. TNM staging of renal cell carcinoma [8].
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4. Metastatic systemic treatment options

4.1. Overview

The treatment objective in metastatic cancer is different to the primary setting. Treatment is 
palliative and the benefits, in terms of progression-free and overall survival, must be carefully 
balanced against the quality of life of the patient and potential side effects that any treatment 
may cause. The evolution of therapies has led to an increase in the median overall survival 
in metastatic RCC to beyond 2 years, and is likely to increase further as more treatments are 
developed [15–17].

4.2. Tyrosine kinase inhibitors

Tyrosine kinase inhibitors (TKIs) are a mainstay of targeted treatment in renal cell carcinoma. 
The drugs are designed to inhibit tyrosine kinases and enzymes, which themselves activate 
pathways of growth within the tumour cell. There are many different targets for TKIs, and 
in renal cell carcinoma, agents are targeted at vascular endothelial growth factor (VEGF), 
platelet-derived growth factor (PDGF), and the mammalian target of rapamycin (mTOR). 
Over half of patients have abnormalities in the von Hippel Lindau (VHL) gene, which leads 
to an increased expression of hypoxia inducible factors (HIF) [18]. In turn, accumulation of 
HIF switches on hypoxia-inducible genes such as VEGF and PDGF, and further downstream, 
mTOR. Expression of VEGF and mTOR drives tumour growth and angiogenesis [18].

The most commonly used TKIs employing VEGF are sorafenib, sunitinib, pazopanib, axitinib, 
and cabozantinib, and employing mTOR everolimus and temsirolimus. The action of these 
agents at a cellular level is illustrated in Image 1. Multiple clinical trials have shown the effi-
cacy of these agents in RCC and are summarised in Table 2. The most commonly observed 
side effects for TKI therapy are rash, diarrhoea, hypertension, fatigue, and palmar-plantar 
erythrodysesthesia syndrome (hand-foot syndrome) [19–26].

Bevacizumab has also been used in renal cell cancer. Bevacizumab is a monoclonal antibody, 
which blockades the VEGF ligand, binding with VEGF-A. Initial trials of bevacizumab versus 
interferon alpha (IFN-𝛂𝛂) showed a progression-free survival (PFS) benefit, but no OS benefit 
as crossover was allowed on progression [27]. When used in combination, IFN-𝛂𝛂 bevacizumab 
showed a higher response rate and PFS, but again OS was not demonstrated, and there was 
also significant toxicity [27]. Although it remains a first-line treatment option, in practice, 
due to the high toxicity of the treatment and efficacy of other first-line treatment options, it is 
rarely used. Trials also explored the combination of bevacizumab and mTOR inhibitors; how-
ever, no clinical benefit was determined and toxicity proved to be a limiting factor [28–31].

4.3. Immunotherapy

One of the most exciting areas of development in systemic therapy has been immunotherapy. 
The purpose of immunotherapy is to unmask the cancer to the body’s own immune system. 
Historically, IFN-𝛂𝛂 has been used in RCC with a modest effect, and overall response rates 
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(ORR) were around 10–15% [17]. More recently, studies have investigated Nivolumab, a 
fully human IgG4 anti-programmed cell death-1 antibody (anti-PD-1) that selectively blocks 
the interaction between PD-1 and its ligands PD-L1 and PD-L2 and RCC [17, 32]. In the 
CheckMate 025 study, patients were randomised to receive either nivolumab or everolimus, 
OS was 25 vs. 19 months in favour of nivolumab, and less grade 3 or 4 toxicity was seen in the 
nivolumab arm [33]. This trial led to the FDA approval of nivolumab for RCC in 2015 with 
European approval quickly following.

After the success of single agent immunotherapy, attention turned to the investigation of 
combination immunotherapy in metastatic RCC. Here, nivolumab was used in combination 
with a second agent ipilimumab, a monoclonal antibody, which targets cytotoxic T lympho-
cyte-associated antigen 4 (CTLA-4). CheckMate 214 trial randomised nivolumab and ipilim-
umab against sunitinib. Median OS was not reached in the combination immunotherapy arm 
compared to the immunotherapy used for 26 months with sunitinib, and PFS was 11.6 vs. 
8.4 months in favour of combination immunotherapy [16].

The mechanism of action of the various immunotherapy agents can be complex. In short, they 
upregulate the body’s own immune response against the ‘foreign’ tumour cells. For those 

Image 1. A graphic showing how loss of the von Hippel Lindau (VHL) protein results in up regulation of hypoxia 
induced factors (HIF) and in turn vascular endothelial growth factor (VEGF) and platelet derived growth factor (PDGF) 
and the actions of targeted therapies.
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Trial Drug Number of 
patients (n)

Line of 
treatment

Disease-free 
survival (DFS) 
(months)

Overall survival 
(OS) (months)

Motzer et al.: 
sunitinib versus 
interferon alpha in 
metastatic renal cell 
carcinoma [19]

Sunitinib versus 
interferon alpha

750 First line Sunitinib 11

interferon alpha 5

HR 0.42 p < 0.001

Sunitinib 28.7

Interferon alpha 
23.7

HR 0.8209 p = 0.051

Sternberg et al.: 
pazopanib 
in locally advanced 
or metastatic renal 
cell carcinoma: 
results of a 
randomised phase 
III trial [20]

Pazopanib versus 
placebo

435 Treatment 
naive or 
cytokine 
pretreated

Pazopanib 9.2

placebo 4.2

HR 0.46 P < 0.001

Not available

Motzer et al.: 
pazopanib versus 
sunitinib in 
metastatic renal cell 
carcinoma [21]

Sunitinib versus 
pazopanib

1110 First line Sunitinib 9.5

Pazopanib 8.8

HR 1.05

Sunitinib 29.3

Pazopanib 28.4

Hudes et al.: 
temsirolimus, 
interferon alpha,  
or both for 
advanced renal cell 
carcinoma [22]

Interferon 
alpha versus 
temsirolimus 
versus 
temsirolimus plus 
interferon alpha

626

(poor 
prognosis)

First line Interferon alpha 
3.1

temsirolimus 5.5

temsirolimus plus 
interferon alpha 
4.7

Interferon alpha 7.3

temsirolimus 10.9

temsirolimus plus 
interferon alpha 8.4

Escudier et al.: 
sorafenib in 
advanced clear  
cell renal cell 
carcinoma [23]

Sorafenib versus 
placebo

903 First line Sorafenib 5.5

placebo 2.8

HR 0.44 P < 0.01

Sorafenib not 
reached

placebo not reached

HR 0.72 P < 0.001

Rini et al.: 
comparative 
effectiveness of 
axitinib versus 
sorafenib in 
advanced renal cell 
carcinoma (AXIS): a 
randomised phase 
3 trial [24]

Axitinib versus 
sorafenib

723 Second line Axitinib 6.7

Sorafenib 4.7

Not available

Choueiri et al.: 
cabozantinib 
versus everolimus 
in advanced renal 
cell carcinoma 
(METEOR): final 
results from a 
randomised, 
open-label, phase 3 
trial [25]

Cabozantinib 
versus everolimus

658 Second line or 
subsequent

Cabozantinib 7.4 
everolimus 3.9

HR 0.051 
p < 0.0001

Cabozantinib 18.8 
everolimus 16.5

HR 0.66 p = 0.00026
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who wish for a fuller explanation, the cellular mechanism of the immunotherapy agents is 
now outlined. In the tumour microenvironment, tumour neoantigens are released by can-
cer cells. These are captured by antigen presenting cells (APCs). These neoantigens cause 
the expression of major histocompatibility complexes (MHC) and T-cell receptors (TCRs) on 
the surface of CD8+ cytotoxic T cells. PD-1 expression is induced. Tumour cells can highly 
express PD-L1 and PD-L2, which can bind with PD-1 on the T cell and ultimately lead to T-cell 
exhaustion. Drugs such as nivolumab and pembrolizumab inhibit the interaction of PD-1 
with PD-L1 and PD-L2, which results in enhanced T-cell cytotoxicity, increased cytokine, 
and tumour-associated macrophage activity. Anti-PD-L1 antibody therapies such as atezoli-
zumab, durvalumab and avelumab, specifically target the interaction between PD-L1 and 
PD-1. Tumour neoantigens also cause peptides bound to MHC II molecules to be presented to 
CD4+ T helper cells. Through a series of co-stimulatory signals transmitted via CD28 T cells, 
CTLA-4 is upregulated. The upregulated CTLA-4 competes with CD28 to bind with CD80 
and/or CD86 on the APC. The interaction of CTLA-4 with CD80 or CD86 results in inhibitory 
signalling, which in turn promotes tumour growth. Ipilimumab is an anti-CTLA-4 antibody; 
thus, it blocks CTLA-4, allowing an enhanced immune response [34]. A pictorial explanation 
of the mechanism of both CTLA-4 and PD-1 immunotherapy targeted agents is available in 
Image 2.

Immunotherapy has a different safety profile from targeted TKI therapies or standard chemo-
therapies. Typically, autoimmune reactions are seen that can be varying and at times severe. 
The most common is diarrhoea and colitis, but pneumonitis and endocrine problems are also 
observed.

There has also been some investigation in using the combinations of immunotherapy with 
targeted agents. Nivolumab was paired with pazopanib or sunitinib in the CheckMate 014 
trial; however, toxicity was very high with 70% of patients experiencing a grade 3 or 4 toxicity 
and 25% discontinuing the treatment due to toxicity. This trial has led to caution in combining 
immunotherapy and TKIs [35] (Table 3).

Trial Drug Number of 
patients (n)

Line of 
treatment

Disease-free 
survival (DFS) 
(months)

Overall survival 
(OS) (months)

Armstrong et al.: 
everolimus 
versus sunitinib 
for patients 
with metastatic 
non-clear cell renal 
cell carcinoma 
(ASPEN): a 
multicentre, open-
label, randomised 
phase 2 trial [26]

Everolimus versus 
sunitinib

108

(non-clear cell 
histology)

First line Everolimus 5.6

Sunitinib 8.3

HR 1.41 p = 0.16

Everolimus 13.2

Sunitinib 31.5

HR1.12 p = 0.60

Table 2. Trials of tyrosine kinase inhibitors in the metastatic renal cancer setting.
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Line of 
treatment

Disease-free 
survival (DFS) 
(months)

Overall survival 
(OS) (months)
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4.4. Sequencing of agents

The natural history of targeted agents in all cancers, and reflected here in RCC, is develop-
ing ultimate resistance. Therefore, a patient may undertake several lines of treatment. Both 
the European Society of Medical Oncology (ESMO) and National Comprehensive Cancer 

Trial Drug Number of 
patients (n)

Line of 
treatment

Progression-free survival 
(PFS) (months)

Overall survival 
(OS) (months)

CheckMate 025

Motzer et al. [33]

Nivolumab versus 
everolimus

823 Second or 
subsequent

Nivolumab 4.6 
Everolimus 4.4

HR 0.88 p = 0.11

Nivolumab 25.0 
Everolimus 19.6

HR 0.73 p = 0.002

CheckMate 214

Motzer et al. [16]

Nivolumab plus 
ipilimumab 
(nivo+ipi) versus 
sunitinib

1096 First line Nivo+ipi 11.6

Sunitinib 8.4

Nivo+ipi-not reached

Sunitinib 26.0

18 months of OS rate

Nivo+ipi 75%

sunitinib 60%

CheckMate 016

Amin et al. [35]

Nivolumab in 
combination 
with sunitinib or 
pazopanib

55 First line Nivolumab plus sunitinib 
12.7

Nivolumab plus 
pazopanib 7.2

Nivolumab plus 
sunitinib not reached

Nivolumab plus 
pazopanib 27.9

Table 3. Immunotherapy trials in metastatic renal cell carcinoma.

Image 2. Pictorial representation of the mechanism of action of immunotherapy agents.
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Network (NCCN) provide up-to-date guidelines advising oncologists of the latest evidence 
to help determine the most advantageous sequence of agents [36, 37]. At the time of publica-
tion, we would suggest a suitable sequence of therapies to be followed: first-line sunitinib 
or pazopanib (in poor-risk patients temsirolimus), second-line axitinib or nivolumab, with 
a preference to nivolumab in poor-risk patients, and third-line cabozantinib [36]. In non-cell 
histology, sunitinib is recommended first line, although few trials have specifically recruited 
non-clear cell histological subtypes for investigation [26, 36].

We recognise that as new agents are developed and further research is conducted in this field, 
the advice may change. Another strategy that has been investigated is active surveillance. 
Patients with indolent metastatic disease may safely remain on surveillance until their disease 
begins to progress. A cohort study of patients with metastatic RCC on surveillance demon-
strated a median time to starting systemic therapy of 14.9 months [38].

5. Cytoreductive nephrectomy in the age of TKI

Historically, cytoreductive nephrectomy has been used in metastatic disease in a selected 
number of patients. It has been especially used in fit patients with asymptomatic, low bur-
den of metastatic disease and troublesome local symptoms such as bleeding and pain [39]. 
However, publication of the CARMENA trial in 2018, where sunitinib versus cytoreduc-
tive nephrectomy plus sunitinib was evaluated, demonstrated non-inferiority of sunitinib 
alone [40]. The trial was designed to demonstrate non-inferiority and non-superiority of 
one investigational arm; however, it was noted that the median OS of sunitinib alone was 
18.4 months versus 13.9 months as compared to sunitinib with nephrectomy [40]. Although 
further evaluation is required, and for symptomatic management, cytoreductive nephrec-
tomy may still be beneficial in the metastatic setting, this new evidence has called into ques-
tion the validity of this approach routinely used for patients in the contemporary systemic 
treatment setting.

6. Oligometastatic disease in kidney cancer

An interesting development across oncology in all tumour groups has been the change in 
approach to the management of oligometastatic disease [41]. Oligometastatic disease is a term 
used to describe a patient with a small number of metastatic lesions; in most studies, this is 
defined as 1–3 or 1–5 lesions [41]. Aggressive resection of the metastasis can be attempted 
surgically or an increasing number of patients can be treated with high doses of radiotherapy 
using stereotactic ablative body radiotherapy (SABR) [41, 42]. Traditionally, RCC has been 
thought to be a radio-resistant disease; however, large ablative doses of radiotherapy used 
in an SABR technique induce different pathways of apoptosis and as such good long-term 
control can be achieved in certain patients. Metastasis in bone, lungs, brain, lymph nodes, and 
adrenal glands are all potentially treatable with SABR [43–45].
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4.4. Sequencing of agents

The natural history of targeted agents in all cancers, and reflected here in RCC, is develop-
ing ultimate resistance. Therefore, a patient may undertake several lines of treatment. Both 
the European Society of Medical Oncology (ESMO) and National Comprehensive Cancer 

Trial Drug Number of 
patients (n)

Line of 
treatment

Progression-free survival 
(PFS) (months)

Overall survival 
(OS) (months)

CheckMate 025

Motzer et al. [33]

Nivolumab versus 
everolimus

823 Second or 
subsequent

Nivolumab 4.6 
Everolimus 4.4

HR 0.88 p = 0.11

Nivolumab 25.0 
Everolimus 19.6

HR 0.73 p = 0.002

CheckMate 214

Motzer et al. [16]

Nivolumab plus 
ipilimumab 
(nivo+ipi) versus 
sunitinib

1096 First line Nivo+ipi 11.6

Sunitinib 8.4

Nivo+ipi-not reached

Sunitinib 26.0

18 months of OS rate

Nivo+ipi 75%

sunitinib 60%

CheckMate 016

Amin et al. [35]

Nivolumab in 
combination 
with sunitinib or 
pazopanib

55 First line Nivolumab plus sunitinib 
12.7

Nivolumab plus 
pazopanib 7.2

Nivolumab plus 
sunitinib not reached

Nivolumab plus 
pazopanib 27.9

Table 3. Immunotherapy trials in metastatic renal cell carcinoma.

Image 2. Pictorial representation of the mechanism of action of immunotherapy agents.

Evolving Trends in Kidney Cancer162
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a preference to nivolumab in poor-risk patients, and third-line cabozantinib [36]. In non-cell 
histology, sunitinib is recommended first line, although few trials have specifically recruited 
non-clear cell histological subtypes for investigation [26, 36].
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Metastasectomy can be employed for metastatic disease in a number of sites including bone, 
lungs and brain. Good long-term outcomes have been observed, especially with careful 
patient selection [46, 47].

A combination of metastasectomy and post-operative SABR for brain metastasis has been 
employed with excellent results and has been shown to have less side effects than post-oper-
ative treatment with whole brain radiotherapy [48].

7. Adjuvant treatment

Adjuvant therapy in oncology describes the use of additional treatment alongside the pri-
mary, definitive, usually surgical, treatment, in an attempt to achieve higher rates of progres-
sion-free and overall survival. In RCC, this has not been widely employed as many trials have 
shown adjuvant treatment in early stage renal cancer not to translate into an overall survival 
benefit [49, 50]. However, it is also recognised that many patients with early stage disease 
will also go on to relapse, and therefore, interest in this area has remained high and guide-
lines recommend that for intermediate- and high-risk patients, adjuvant treatment, as part 
of a clinical trial, should be considered [36, 49]. In ASSURE trial, sunitinib or sorafenib failed 
to demonstrate an improvement in disease-free survival (DFS) compared to placebo [51]. In 
S-TRAC trial, sunitinib did increase 5-year DFS, but not overall survival data, although the 
overall survival data have not yet improved [52]. In the PROTECT trial, pazopanib failed to 

Trial Drug Number of 
patients (n)

Disease-free 
survival (DFS)

Overall survival (OS)

ASSURE

Haas et al. [50]

Sorafenib/Sunitinib versus 
placebo

1943 Sorafenib 6.1 years

(HR 0.97 P = 0.718)

Sunitinib 5.8 years

(HR 1.02 P = 0.804)

Placebo 6.6 years

At 5 years

Sorafenib 80.5%

Sunitinib 77.9%

Placebo 80.3%

No significant difference 
between groups

S-TRAC

Ravaud et al. [51]

Sunitinib versus placebo 615 Sunitinib 6.8 years

Placebo 5.6 years

(HR 0.76 P = 0.03)

Mature data not 
available.

PROTECT

Motzer et al. [52]

Pazopanib versus placebo 1538 HR 0.86

P = 0.165

Not available

ATLAS

Gross-Goupil et al. 
[53]

Axitinib versus placebo 724 HR 0.870

P = 0.3211

Not available

Table 4. Trials of tyrosine kinase inhibitors in the adjuvant renal cancer setting post-nephrectomy.
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show a statistically significant improvement in DFS [53]. In the ATLAS trial, using axitinib in 
the adjuvant setting, the primary end point was not reached and the study was abandoned 
due to futility at the interim assessment point [54]. It is also worth noting that the majority 
of patients in these adjuvant trials had ccRCC histology. A summary of the reported trials is 
shown in Table 4.

Several trials are still ongoing using targeted therapies in high-risk patients post-nephrectomy 
including: SORCE trial (NCT00492258) assessing sorafenib and EVEREST trial (NCT01120249) 
investigating everolimus [50]. Further trials are underway to assess the use of immunotherapy 
in the adjuvant setting using a variety of checkpoint inhibitors. These include the IMmotion101 
trial (NCT03024996) with atezolizumab, PROSPER trial (NCT03055013) comparing neoadju-
vant and adjuvant nivolumab versus observation, KEYNOTE-564 trial (NCT03142334) evalu-
ating pembrolizumab versus placebo and CheckMate 914 trial (NCT03138512) comparing 
nivolumab with ipilimumab versus placebo [50]. The results of these trials are likely to be 
reported in the coming years; however, the standard of care at present is not to prescribe 
adjuvant therapy, of any kind, post-nephrectomy in renal cell carcinoma.

8. Emerging treatments and trends

An area of particular interest for oncologist is the search for reliable biomarkers, which will 
guide us into targeting our treatments to the patients who will benefit from them the most. 
Renal cell carcinoma is no exception and the hunt for a biomarker is of high interest to aca-
demics and drug companies alike. Biomarkers are being investigated in the areas of imag-
ing serum, histology, and urine, both to determine treatment strategies and to differentiate 
between benign and malignant processes [55]. One biomarker of particular interest is carbonic 
anhydrase IX, which has demonstrated excellent specificity and ability to predict treatment 
response [56]. Researchers are also keen to identify reliable biomarkers for use with immune 
checkpoint inhibitors in the treatment of RCC, especially to help differentiate between the 
progression and pseudoprogression on treatment [57].

Research has been conducted on the use of vaccine therapy in RCC. Vaccines are designed 
to induce a specific immune response in the patient; however, this is yet to translate into 
an overall survival benefit [58, 59]. In the new era of targeted medicine and next-generation 
immunotherapy, the role of vaccines remains uncertain and only further research in this area, 
with associated success in randomised trials, will confirm vaccine therapy as a viable treat-
ment strategy for the future.

Interesting evidence has been published on the use of SABR in patients who are not fit for 
partial nephrectomy. High doses of highly targeted radiotherapy are given to the tumour 
patients with the hope of ablation of the tumour. The treatment was well tolerated with 
low toxicity and good local control rates in 2 years [60]. Further ongoing evaluation of 
this technique is needed, but it is likely that use of SABR in this format will increase in 
the future.
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9. Summary

The take-home points are as follows:

• prognostic risk stratification is used to guide treatment decisions in metastatic renal cell 
carcinoma patients;

• the mainstay of treatment for metastatic renal cell carcinoma is TKI therapy;

• immunotherapy has been shown to be effective in metastatic renal cell carcinoma and is 
now routinely used;

• cytoreductive nephrectomy should not be used routinely in metastatic renal cell carcinoma 
patients;

• adjuvant systemic treatment lacks robust evidence for routine use in renal cell carcinoma 
patients outside of the clinical trial setting.

The medical treatment of renal cell carcinoma is rapidly evolving with the introduction of 
new treatments entering the market on a regular basis. Whilst this is challenging for the phy-
sician treating renal cell carcinoma, it is excellent news for our patients who will benefit from 
the greater arsenal of treatments available.
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Abstract

Renal cell carcinoma accounts for about 2% of all adult malignancies. More than 300,000 
individuals are affected each year. Unfortunately, around 30% of cases are discovered 
in advanced stages. Surgical resection remains the mainstay of treatment for localized 
disease and relapses can reach up to 40% in some cases. The effective treatment of 
metastatic RCC with systemic targeted therapy gives a strong rationale for its use as 
adjuvant treatment in high-risk patients. This chapter reviews different modalities that 
have been used as an adjuvant therapy for nonmetastatic renal cancer. Clinical trials 
using targeted therapy are discussed in detail, as they are becoming options for treat-
ment in high-risk patients. While the current set of completed adjuvant clinical trials 
have provided conflicting results, there are additional large-scale trials that are still in 
progress. Future directions include—incorporating a genetic recurrence score to evalu-
ate risk of relapse in patients, developing an adequate and an objective standardized 
adjuvant trial design, identifying novel biomarkers, and evaluating novel drug targets. 
Based upon current clinical trial evidence, motivated high-risk patients should have 
a discussion with the urology oncology team regarding the benefits of adjuvant TKI 
sunitinib or consider enrollment in current ongoing immuno-oncology (IO) adjuvant 
clinical trials.
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1. Introduction

Every year, approximately 338,000 individuals are diagnosed with kidney cancer globally, 
representing about 2% of all cancers [1]. Renal cell carcinoma (RCC) accounts for approxi-
mately 90% of all kidney cancers—affecting an estimated 300,000 people each year [2, 3]. 
Approximately 30% of kidney cancer patients represent an advanced disease stage at diagno-
sis, with an average 5-year survival rate of approximately 16% [4, 5].

The management of RCC, regardless of its histological subtype or stage, involves surgical 
resection of the tumor through either a radical or partial nephrectomy [6]. While surgery is 
not curative in cases involving metastatic disease, with localized RCC, surgical intervention is 
considered the optimal standard of care [6, 7].

But despite that, postsurgical recurrence of cancer is a prevalent issue in cases of localized RCC 
(stage 2 or 3 disease) with a 5-year relapse rate of 30–40% and, as such, surgery is insufficient for 
long-term disease free survival [8, 9]. Hence, even though the current standard for postoperative 
care continues to be radiographic surveillance, the need for effective adjuvant therapy for local-
ized high risk for recurrence RCC would be helpful and desired by the surgical community [8–10].

In view of these findings and the effective treatment of metastatic RCC with Immunotherapy 
in the 1990s or more recently with targeted therapy, a strong rationale for systemic adjuvant 
therapy exists in high risk for recurrence patients.

In this chapter, we review different treatment modalities have been used as an adjuvant ther-
apy for nonmetastatic renal cancer postsurgical resection with emphasis on targeted therapy 
as becoming an option to offer patients.

2. Stratifying risk of recurrence

A critical element in both the testing and effective clinical use of adjuvant therapy involves 
determining whether there is a high risk of disease recurrence post nephrectomy and accord-
ingly identifying patients that are most likely to benefit from the therapy. As discussed earlier, 
the determination of recurrence risk is currently nonstandardized in adjuvant therapy testing. 
Several models and clinical nomograms have been developed to predict the risk of disease recur-
rence and progression, as well as evaluate additional oncological endpoints [11–19]. Examples 
of some validated models include the Cindolo Recurrence Risk Formula, Leibovich scoring sys-
tem, Karakiewicz scoring system, Kattan nomogram, Mayo Clinic stage, size, grade, and necrosis 
scoring system (SSIGN), and the University of California Los Angeles Integrated Staging System 
(UISS) [11–19] (Tables 1 and 2). These systems usually incorporate information regarding differ-
ent variables and various prognostic signs and indictors such as tumor size, stage and character-
istics, clinical risk factors, and various other pathological features and signs for a relatively robust 
evaluation [11–21]. Among these models, the UISS, Kattan and SSIGN nomograms have shown 
relatively better discriminative accuracy in some comparative studies and hence are most com-
monly utilized [13, 22, 23].

In terms of a general approximation, recurrence risk can be segregated into three broad catego-
ries based on the UISS nomogram: low, intermediate and high risk [18]. These three risk groups 
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are differentiated based on the probability of survival and disease recurrence and patients, in 
a clinical setting, can be stratified through an independent clinical assessment of UISS compo-
nents, such as tumor stage, grade, and other pathophysiological characteristics [18, 19]. While the 
UISS components have not been formally validated as independent recurrence risk prediction 
models, they are important prognostic indicators for various oncological outcomes and end-
points that are invariably linked with the risk of disease relapse [18, 19]. As such, an evaluation 
of tumor characteristics—particularly tumor stage—can serve as a rough guide for preliminary 
differentiation between high, intermediate and low risk categories in the clinical setting. [24–27] 
This correlation has been supported by independent studies which have reported higher recur-
rence free survival (RFS) rates for smaller, T1a-T1b stage tumors and lower RFS rates for larger, 
T3-T4 stage tumors [24–27]. Thus, patients with T1a-T2a tumors can be estimated to have lower 
recurrence risk while those with T3b-T4 tumors can be placed into the high-risk category [24–27]. 
Among these varying risk levels, currently only those who present a high risk of disease recur-
rence can potentially benefit from adjuvant therapy postsurgical resection of the tumor.

The incorporation of biotechnology and an improved understanding of genetic and molecular 
markers may potentially lead to the next major advancement in improving the predictive 
accuracy of relapse risk. Recent studies have reported the development of novel gene assays 

Characteristics Points

Tumor pT1a 0

pT1b 2

pT2 3

pT3-pT4 4

Dimension <10 cm 0

>10 cm 1

Fuhrman 1–2 0

3 1

4 3

Tumor necrosis Absent 0

Present 1

Lymph nodes pNx/pN0 0

pN1-pN2 2

Table 1. Leibovich prognosis score.

T stage 1 2 3 4

Furman grade 1–2 3–4 1–4 1 2–4 1–4

ECOG PS 0 >1 any >1 any 0 >1 0 >1 any

Risk group Low Intermediate High

Table 2. UISS prognosis score.
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In this chapter, we review different treatment modalities have been used as an adjuvant ther-
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A critical element in both the testing and effective clinical use of adjuvant therapy involves 
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(UISS) [11–19] (Tables 1 and 2). These systems usually incorporate information regarding differ-
ent variables and various prognostic signs and indictors such as tumor size, stage and character-
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ries based on the UISS nomogram: low, intermediate and high risk [18]. These three risk groups 
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are differentiated based on the probability of survival and disease recurrence and patients, in 
a clinical setting, can be stratified through an independent clinical assessment of UISS compo-
nents, such as tumor stage, grade, and other pathophysiological characteristics [18, 19]. While the 
UISS components have not been formally validated as independent recurrence risk prediction 
models, they are important prognostic indicators for various oncological outcomes and end-
points that are invariably linked with the risk of disease relapse [18, 19]. As such, an evaluation 
of tumor characteristics—particularly tumor stage—can serve as a rough guide for preliminary 
differentiation between high, intermediate and low risk categories in the clinical setting. [24–27] 
This correlation has been supported by independent studies which have reported higher recur-
rence free survival (RFS) rates for smaller, T1a-T1b stage tumors and lower RFS rates for larger, 
T3-T4 stage tumors [24–27]. Thus, patients with T1a-T2a tumors can be estimated to have lower 
recurrence risk while those with T3b-T4 tumors can be placed into the high-risk category [24–27]. 
Among these varying risk levels, currently only those who present a high risk of disease recur-
rence can potentially benefit from adjuvant therapy postsurgical resection of the tumor.

The incorporation of biotechnology and an improved understanding of genetic and molecular 
markers may potentially lead to the next major advancement in improving the predictive 
accuracy of relapse risk. Recent studies have reported the development of novel gene assays 

Characteristics Points

Tumor pT1a 0

pT1b 2

pT2 3

pT3-pT4 4

Dimension <10 cm 0

>10 cm 1

Fuhrman 1–2 0

3 1

4 3

Tumor necrosis Absent 0

Present 1

Lymph nodes pNx/pN0 0

pN1-pN2 2

Table 1. Leibovich prognosis score.

T stage 1 2 3 4

Furman grade 1–2 3–4 1–4 1 2–4 1–4

ECOG PS 0 >1 any >1 any 0 >1 0 >1 any

Risk group Low Intermediate High

Table 2. UISS prognosis score.
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and have further elucidated several new biomarkers [28–31]. Nonetheless, further investiga-
tion, testing and development is required before molecular approaches can be incorporated 
for clinical application in an efficient and economically viable manner.

3. Immunotherapy IL2,IFα

Two trials that used adjuvant IFN-α [32, 33] and one study that used adjuvant high-dose 
IL-2 (82) were negative for any benefit. The latter study was designed and powered to show 
an improvement in predicted 2-year DFS from 40% for the observation group to 70% for the 
treatment group. Despite full accrual 30% improvement in 2-year DFS could not be achieved 
which lead to early study closure.

Combination treatment with IFN-α and IL2 also failed to improve DFS in one trial [34].

The combination of cytokines with 5-fluorouracil (5-FU) also failed to improve DFS in the 
adjuvant setting [35, 36].

In one randomized adjuvant trial, triple combination therapy using IL-2, IFN-α, and5-FU was 
associated with significant toxicity which leads to 35% of the patients did not complete the 
study and also resulted in no benefit in DFS or OS [37].

4. Tumor vaccines

Autologous irradiated tumor cells mixed with bacillus Calmette-Guérin (BCG) were tested in 
two randomized trials and did not result in prolonged DFS [38–40].

Similarly, autologous, tumor-derived heat-shock protein (glycoprotein 96)-peptide complex 
(HSPPC-96; vitespen) did not result in a statistically significant improvement of DFS [41].

A trial with an autologous renal tumor cell vaccine only reported improved DFS in the vac-
cine group [42], but the number of patients lost after the randomization step, the imbalance of 
this loss, and the absence of tabulation of OS led to criticism of the results [43].

This therapy has not been implemented in routine clinical practice.

5. Hormonal therapy

The occasional response of patients with metastatic RCC to hormonal therapy with medroxy-
progestrone acetate (MPA) provided a rationale in trying it in adjuvant sitting.

In a prospective randomized trial of adjuvant MPA after radical nephrectomy, 136 patients 
received either MPA 500 g (three times a week) for 1 year or observation. With a median follow 
up of 5 years. There were no significant differences in relapses between the adjuvant group and 
the observation group (32.7 vs. 33.9%, respectively) [44].
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6. Radiotherapy

Radiotherapy has been used for symptoms palliation in metastatic RCC like hematuria and 
painful bone metastasis. Also, long-term PFS has been reported for in a subset of patients 
following radiotherapy for solitary bone metastases [31].

One prospective, randomized study in 72 patients comparing administration of radiation of 
the kidney bed, and ipsilateral and contralateral lymph nodes for stages II and III RCC versus 
observation reported relapse rates of 48% in both groups. Forty-four percent of patients in 
the radiotherapy arm had significant complications that contributed to the death of 19% of 
patients [45–47].

7. Adjuvant therapy in the era of the new targeted therapy

7.1. Targeted therapy

Systemic therapy for mRCC has particularly changed over the last decade with the introduc-
tion of targeted therapy and the evolvement of tyrosine kinase inhibitors (TKI) [7, 49–53]. 
This development has directly resulted from an improved understanding of the pathogenesis 
and molecular biology of RCC [49–54]. TKIs have provided a novel therapeutic approach for 
better managing the pathology through the inhibition of targets such as the mammalian target 
of rapamycin (mTOR) pathway and the vascular endothelial growth factor receptor (VEGFR), 
which consequently help inhibit processes that are critical for cancer progression [7, 49–53]. 
Particularly in cases of metastatic RCC, these inhibitors have been effective in increasing the 
overall survival and response rates than previously used immunotherapy and chemotherapy 
agents [7, 49–53].

Seven drugs are now approved for targeted therapy, and several others are being evaluated in 
clinical trials [50–53, 55]. At the molecular level, the mechanism of these drugs involves inter-
rupting the molecular signal transduction of various signaling pathways which then ultimately 
affects pathogenic factors like tumor vascularity, growth and progression [50–53, 55]. Sunitinib 
and Pazopanib are currently the accepted standard of care for the management of metastatic 
RCC and are the most widely used first line agent due to their robust clinical efficacy and 
established toxicity profile [50–53, 55]. The current set of therapeutic agents used in targeted 
therapy exploit the Von Hippel-Lindau (VHL) and hypoxia-inducible factor (HIF) pathway 
associated with clear cell RCC pathogenesis [56, 57].

7.2. VHL-HIF pathway

Clear Cell RCC (ccRCC) normally entails a biallelic inactivation of the VHL tumor suppressor 
gene at the 3p25-26 locus. VHL inactivation, which occurs due to factors such as mutation, 
hyper-methylation, or deletions, results in the formation of defective pVHL protein—ulti-
mately leading to the activation and upregulation of HIF-1α [56, 57]. Activated HIF protein 
serves as a transcription factor for various pro-tumorigenic target genes such as vascular 
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and have further elucidated several new biomarkers [28–31]. Nonetheless, further investiga-
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Combination treatment with IFN-α and IL2 also failed to improve DFS in one trial [34].

The combination of cytokines with 5-fluorouracil (5-FU) also failed to improve DFS in the 
adjuvant setting [35, 36].

In one randomized adjuvant trial, triple combination therapy using IL-2, IFN-α, and5-FU was 
associated with significant toxicity which leads to 35% of the patients did not complete the 
study and also resulted in no benefit in DFS or OS [37].

4. Tumor vaccines

Autologous irradiated tumor cells mixed with bacillus Calmette-Guérin (BCG) were tested in 
two randomized trials and did not result in prolonged DFS [38–40].

Similarly, autologous, tumor-derived heat-shock protein (glycoprotein 96)-peptide complex 
(HSPPC-96; vitespen) did not result in a statistically significant improvement of DFS [41].

A trial with an autologous renal tumor cell vaccine only reported improved DFS in the vac-
cine group [42], but the number of patients lost after the randomization step, the imbalance of 
this loss, and the absence of tabulation of OS led to criticism of the results [43].

This therapy has not been implemented in routine clinical practice.

5. Hormonal therapy

The occasional response of patients with metastatic RCC to hormonal therapy with medroxy-
progestrone acetate (MPA) provided a rationale in trying it in adjuvant sitting.

In a prospective randomized trial of adjuvant MPA after radical nephrectomy, 136 patients 
received either MPA 500 g (three times a week) for 1 year or observation. With a median follow 
up of 5 years. There were no significant differences in relapses between the adjuvant group and 
the observation group (32.7 vs. 33.9%, respectively) [44].
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painful bone metastasis. Also, long-term PFS has been reported for in a subset of patients 
following radiotherapy for solitary bone metastases [31].

One prospective, randomized study in 72 patients comparing administration of radiation of 
the kidney bed, and ipsilateral and contralateral lymph nodes for stages II and III RCC versus 
observation reported relapse rates of 48% in both groups. Forty-four percent of patients in 
the radiotherapy arm had significant complications that contributed to the death of 19% of 
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7. Adjuvant therapy in the era of the new targeted therapy

7.1. Targeted therapy

Systemic therapy for mRCC has particularly changed over the last decade with the introduc-
tion of targeted therapy and the evolvement of tyrosine kinase inhibitors (TKI) [7, 49–53]. 
This development has directly resulted from an improved understanding of the pathogenesis 
and molecular biology of RCC [49–54]. TKIs have provided a novel therapeutic approach for 
better managing the pathology through the inhibition of targets such as the mammalian target 
of rapamycin (mTOR) pathway and the vascular endothelial growth factor receptor (VEGFR), 
which consequently help inhibit processes that are critical for cancer progression [7, 49–53]. 
Particularly in cases of metastatic RCC, these inhibitors have been effective in increasing the 
overall survival and response rates than previously used immunotherapy and chemotherapy 
agents [7, 49–53].

Seven drugs are now approved for targeted therapy, and several others are being evaluated in 
clinical trials [50–53, 55]. At the molecular level, the mechanism of these drugs involves inter-
rupting the molecular signal transduction of various signaling pathways which then ultimately 
affects pathogenic factors like tumor vascularity, growth and progression [50–53, 55]. Sunitinib 
and Pazopanib are currently the accepted standard of care for the management of metastatic 
RCC and are the most widely used first line agent due to their robust clinical efficacy and 
established toxicity profile [50–53, 55]. The current set of therapeutic agents used in targeted 
therapy exploit the Von Hippel-Lindau (VHL) and hypoxia-inducible factor (HIF) pathway 
associated with clear cell RCC pathogenesis [56, 57].

7.2. VHL-HIF pathway

Clear Cell RCC (ccRCC) normally entails a biallelic inactivation of the VHL tumor suppressor 
gene at the 3p25-26 locus. VHL inactivation, which occurs due to factors such as mutation, 
hyper-methylation, or deletions, results in the formation of defective pVHL protein—ulti-
mately leading to the activation and upregulation of HIF-1α [56, 57]. Activated HIF protein 
serves as a transcription factor for various pro-tumorigenic target genes such as vascular 
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endothelial growth factor (VEGF), transforming growth factor-α and platelet-derived growth 
factor (PDGF) that are involved in pathogenic processes like angiogenesis, tumor cell prolif-
eration and cell survival. [56, 57] Apart from this central pathway, the mTOR pathway also 
intersects with HIF pathway upstream of the VHL gene and hence also plays a critical role in 
influencing HIF process and function. [56, 57] Thus, inhibiting different targets in this path-
way has yielded favorable results in mRCC cases [50–53, 55–57]. Given the success of targeted 
therapy agents in the metastatic setting, recent efforts have been focused into translating this 
into the adjuvant setting.

7.3. Clinical trials: targeted therapy in adjuvant setting

The contemporary endeavors to transpose targeted therapy in the adjuvant setting have been 
inspired by the increased clinical knowledge gained through the development and evaluation 
of interventions for stage IV disease [9, 10, 58, 59]. There are currently seven multicenter, 
double-blind, placebo-controlled, randomized adjuvant clinical trials, involving targeted 
therapy agents [9, 10, 58, 59]. Five of these trials involve tyrosine kinase inhibitors, while one 
involves an mTOR inhibitor and the other a monoclonal chimeric antibody [9, 10, 58–63]. So 
far, four of these trials have been completed including the, ARISER, ASSURE, S-TRAC and 
PROTECT trials while the other ones are still in progress [60–63].

7.3.1. ARISER trial

This ARISER trial, completed in 2014, evaluated the efficacy of girentuximab [60], a mono-
clonal antibody to carbonic anhydrase IX (a HIF downstream target gene), in the adjuvant 
setting for intermediate to high risk for recurrence patients. This multicenter, phase III trial 
involved 864 patients with resected clear cell tumors, who were randomized to receive either 
girentuximab or placebo, once a week, for 24 weeks. Girentuximab recipients received a 
50 mg dose during the first week followed by a weekly dose of 20 mg for the next 23 weeks. 
The median disease free survival (DFS) duration for the participants in the intervention arm 
was 71.4 months (HR: 0.97; 95% CI, 0.79–1.18) while the endpoint was never reached for 
the placebo group. As such, the study indicated no interventional advantage but it recom-
mended further investigation of adjuvant girentuximab in patients with high levels of CAIX 
in affected renal tissue.
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7.3.2. ASSURE trial

The ASSURE trial, completed in 2016, was a randomized, double-blind, placebo-controlled, 
phase 3 clinical trial in which 1943 patients from 226 study centers in North America were 
assigned to one of three intervention arms—sunitinib, sorafenib or placebo in intermediate to 
high-risk patients [61]. Sunitinib patients received 50 mg for 54 weeks on a 4 of 6 week cycle; 
sorafenib recipients received 400 mg twice per day throughout each cycle, and placebo recipi-
ents were randomly assigned either the sunitinib placebo or the sorafenib placebo. The inter-
ventions were evaluated using DFS as the primary endpoint. Trial results indicated that the 
median DFS duration was approximately 5.8 years for sunitinib [HR: 1.02; 97.5% CI: 0.85–1.23; 
P = 0.8038], 6.1 years for sorafenib (HR: 0.97; 97.5% CI: 0.80–1.17; P = 0.7184), and 6.6 years for 
placebo—hence suggesting no survival benefit from the interventions relative to the placebo. 
Instead, the results further reported detrimental effects due to the increased toxicity of the treat-
ment despite the dose reductions—suggesting no benefit of the particular TKI in the adjuvant 
setting. Of note, this trial had a higher number of TKI dose reductions (potentially suggesting 
suboptimal drug dosing) and more intermediate risk for recurrence patients than other trials.

7.3.3. S-TRAC trial

The S-TRAC study, also completed in 2016, was a prospective, randomized, double-blind, 
phase 3 clinical trial involving 615 patients from 21 countries [62]. Of the 615 patients who 
underwent randomization, 309 were assigned to the sunitinib arm and 306 to the placebo arm. 
These patients were all “high risk of recurrence.” Sunitinib recipients received 50 mg for a 
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far, four of these trials have been completed including the, ARISER, ASSURE, S-TRAC and 
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50 mg dose during the first week followed by a weekly dose of 20 mg for the next 23 weeks. 
The median disease free survival (DFS) duration for the participants in the intervention arm 
was 71.4 months (HR: 0.97; 95% CI, 0.79–1.18) while the endpoint was never reached for 
the placebo group. As such, the study indicated no interventional advantage but it recom-
mended further investigation of adjuvant girentuximab in patients with high levels of CAIX 
in affected renal tissue.
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ventions were evaluated using DFS as the primary endpoint. Trial results indicated that the 
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placebo—hence suggesting no survival benefit from the interventions relative to the placebo. 
Instead, the results further reported detrimental effects due to the increased toxicity of the treat-
ment despite the dose reductions—suggesting no benefit of the particular TKI in the adjuvant 
setting. Of note, this trial had a higher number of TKI dose reductions (potentially suggesting 
suboptimal drug dosing) and more intermediate risk for recurrence patients than other trials.

7.3.3. S-TRAC trial
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year on a 4 of 6 week cycle. The interventions were evaluated by comparing DFS, the primary 
endpoint of the study, between the two trial arms. The study results indicated that the median 
DFS duration was 6.8 years (95% CI: 5.8 to not reached) in the sunitinib group and 5.6 years 
(95% CI: 3.8–6.6) in the placebo group (HR: 0.76; 95% CI: 0.59–0.98; P = 0.03). The adverse effects 
observed in sunitinib recipients were consistent with its known toxicity profile. As such, the 
results from this trial support the potential for sunitinib as a treatment option in the adjuvant 
setting with a DFS advantage. However, overall survival endpoints have not yet been reported.

7.3.4. PROTECT trial

The PROTECT study, completed recently in 2017, was a phase 3 randomized clinical trial 
that evaluated the efficacy of adjuvant pazopanib as compared to placebo in preventing RCC 
recurrence in intermediate to high-risk patients [63]. The trial enrolled 1538 participants and 
the majority of the pazopanib recipients received a revised dosage of 600 mg, daily for a year, 
following a dose reduction from 800 mg which caused severe side effects. The interventions 
were evaluated by comparing DFS as the primary endpoint measure between the two trial 
arms. The study did not meet its primary endpoint and indicated no significant benefit of 
pazopanib-600 mg in prolonging DFS as compared to placebo (HR: 0.86; 95% CI, 0.70–1.06; 
P = 0.165). However, a subgroup analysis of pazopanib-800 mg recipients indicated a 31% 
decline in DFS (HR, 0.69; 95% CI, 0.51–0.94; P = 0.02). While the DFS results were conflicting 
between the 600 mg and 800 mg groups, the study reported similar adverse event profiles 
between both the groups.

7.3.5. Comparison of current adjuvant trial design

The differing outcomes that have been indicated in the current set of completed trials may be 
accounted for by the distinct sample groups, dose regimens, risk assessment criteria and trial 
methods [60–63]. This collectively represents a fundamental limitation that underscores all 
current adjuvant clinical trials. First, the patient inclusion criteria characteristically differ, in 
multiple ways, across all adjuvant trials [60–63]. For example, in the S-TRAC trial, the selected 
sample exclusively included patients with late-stage, loco-regional, clear-cell RCC while other 
trials such as the ASSURE, ARTISER and PROTECT trials used a less restricted criteria and 
included patients with stage 1 or stage 2 tumors and non-clear-cell histologies [60–63]. In 
addition, another major cause of heterogeneity lies in the risk assessment and stratification 
criteria as the scoring system used in the current set of adjuvant trials are not standardized, 
and hence this invariably contributes to a varied assessment of recurrence risk [60–63]. With 
respect to the conflicting sunitinib trials (S-TRAC vs. ASSURE), additional sources of variation 
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that might have led to inconsistent outcomes include varying dose regimens, specifically with 
respect to the midtrial dose reductions for sunitinib, as well as differing trial criteria for estab-
lishing disease status and assessing primary end point status [61, 62, 64].

7.4. Targeted immunomodulatory therapy

The development of therapy that targets oncogenic signaling pathways has advanced the 
treatment landscape for patients with advanced renal cell carcinoma. While nonspecific 
immunotherapy with IL-2 and IFN-α was the former mainstay in the management of meta-
static disease, there was a shift away from it with the advent of targeted therapy which yielded 
relatively better response rates [32–34, 48–54, 65–68]. However, over the last couple of years, 
cancer immunotherapy has been revisited and, as a result, targeted immunomodulatory 
therapy, involving novel immunomodulating agents, has been reincorporated in combina-
tion therapy regimes for mRCC management—hence allowing for an induced immuonologic 
effect in addition to the inhibitory effect on tumor biology and microenvironment [69, 70]. 
This has been inspired in part by disease resistance that is progressively manifesting itself 
against standard targeted therapy in the landscape of metastatic disease management [69, 70].

Given that multiple mechanisms are employed by tumors to evade and suppress the immune 
system, research toward better understanding those mechanisms of immunomodulation has 
been critical in informing the therapeutic landscape [69, 71]. Particularly, an improved under-
standing of the factors regulating the antitumor immune response has led to the development 
a novel form of cancer immunotherapy involving checkpoint inhibitors and other immune 
therapies such as T-cell agonists, adoptive T-cell therapies and novel vaccines which are being 
evaluated across different trials for metastatic RCC [69, 71].

7.5. Immune checkpoint inhibitors

Immune checkpoints serve a critical protective function of preventing immune response 
against host cells through a series of complex interactions [71–73]. However, investigation 
into the pathogenic mechanisms of RCC revealed that cancer cells can induce similar interac-
tions with host checkpoint receptors and can hence suppress the human immune response 
[71–73]. Immune checkpoint inhibitors counter these molecular mechanisms through which 
tumor cells evade immune recognition [71–73].

Programmed cell death protein 1 (PD-1) and cytotoxic T-lymphocyte-associated antigen 4 
(CTLA-4) are currently the most well understood inhibitory checkpoint receptors [71–73]. 
The PD-1/PD-L1 axis involves an inhibitory interaction between a T-cell inhibitory ligand 
PD-L1, expressed on tumor cell surface, and a PD-1 receptor on the lymphocyte [71–73]. 
Hence, mimicking this interaction ultimately allows tumor cells to evade the adaptive 
immune response through suppression of T-cell function. The CTLA-4 pathway is similarly 
exploited by tumor cells [71–73]. During an adaptive immune response, immune activation 
occurs through an interaction between the T-cell receptor (TCR) and the antigen-presenting 
cell (APC) along with the co-stimulation of CD28 on the T cell [71–73]. This activation is 
negatively regulated by an inhibitory interaction between CTLA-4 and its ligands—CD80 or 
CD86 [71–73]. Thus, the targeted inhibition of these checkpoint receptors through targeted 
antibodies, in both the pathways mentioned above, could allow for T-cell activation and 
effective immune function [71–73].
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year on a 4 of 6 week cycle. The interventions were evaluated by comparing DFS, the primary 
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observed in sunitinib recipients were consistent with its known toxicity profile. As such, the 
results from this trial support the potential for sunitinib as a treatment option in the adjuvant 
setting with a DFS advantage. However, overall survival endpoints have not yet been reported.

7.3.4. PROTECT trial
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that evaluated the efficacy of adjuvant pazopanib as compared to placebo in preventing RCC 
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were evaluated by comparing DFS as the primary endpoint measure between the two trial 
arms. The study did not meet its primary endpoint and indicated no significant benefit of 
pazopanib-600 mg in prolonging DFS as compared to placebo (HR: 0.86; 95% CI, 0.70–1.06; 
P = 0.165). However, a subgroup analysis of pazopanib-800 mg recipients indicated a 31% 
decline in DFS (HR, 0.69; 95% CI, 0.51–0.94; P = 0.02). While the DFS results were conflicting 
between the 600 mg and 800 mg groups, the study reported similar adverse event profiles 
between both the groups.

7.3.5. Comparison of current adjuvant trial design

The differing outcomes that have been indicated in the current set of completed trials may be 
accounted for by the distinct sample groups, dose regimens, risk assessment criteria and trial 
methods [60–63]. This collectively represents a fundamental limitation that underscores all 
current adjuvant clinical trials. First, the patient inclusion criteria characteristically differ, in 
multiple ways, across all adjuvant trials [60–63]. For example, in the S-TRAC trial, the selected 
sample exclusively included patients with late-stage, loco-regional, clear-cell RCC while other 
trials such as the ASSURE, ARTISER and PROTECT trials used a less restricted criteria and 
included patients with stage 1 or stage 2 tumors and non-clear-cell histologies [60–63]. In 
addition, another major cause of heterogeneity lies in the risk assessment and stratification 
criteria as the scoring system used in the current set of adjuvant trials are not standardized, 
and hence this invariably contributes to a varied assessment of recurrence risk [60–63]. With 
respect to the conflicting sunitinib trials (S-TRAC vs. ASSURE), additional sources of variation 
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that might have led to inconsistent outcomes include varying dose regimens, specifically with 
respect to the midtrial dose reductions for sunitinib, as well as differing trial criteria for estab-
lishing disease status and assessing primary end point status [61, 62, 64].

7.4. Targeted immunomodulatory therapy
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The first checkpoint inhibitor which demonstrated a survival benefit in patients with metastatic 
RCC was nivolumab—an anti-PD1 monoclonal antibody [74]. The inhibitor, which received 
FDA approval in 2015 based on the results from a trial evaluating nivolumab versus everoli-
mus, is effective in yielding positive response rates when used for treatment of advanced RCC 
in patients who have undergone prior anti-angiogenic therapy [74]. Apart from nivolumab, 
multiple other checkpoint inhibitors are being currently evaluated in different trials against 
advanced RCC [71–73].

7.6. Immunomodulatory therapy in the adjuvant setting

Given their recent development, many immune checkpoint inhibitors are still being evaluated 
for their efficacy and toxicity against metastatic RCC, and hence investigation of these inhibi-
tors in the adjuvant setting has been limited. Currently, there are a few ongoing clinical trials 
that are evaluating different checkpoint inhibitors in both the adjuvant setting as well as the 
neo-adjuvant (presurgery) setting (Table 3) [75–78].

The IMmotion, KEYNOTE-564, and CheckMate 914 are phase III trials evaluating the efficacy 
and safety of adjuvant atezolizumab, pembrolizumab, and nivolumab/ipilimumab (combi-
national regimen) respectively in prolonging the DFS of RCC patients who are at high risk 
of disease recurrence post nephrectomy [75, 77, 78]. In addition to the adjuvant trials, an 
ongoing study in the neo-adjuvant setting includes the PROSPER trial which is evaluating the 
efficacy of pre-nephrectomy nivolumab [75]. These trials, which have either started already 
or are expected to begin later this year, are currently in their recruitment or pre-recruitment 
phases and are anticipated to be completed by 2022–2024. [75, 77, 78] Apart from these clinical 

Adjuvant clinical trials in RCC using immune therapies

Authors Intervention Patient population Design No. of 
patients

Outcome

Pizzocarro et al. 
[32]

IFN-α2b vs. 
placebo

Robson stages II 
and III (T3aN0M0 
and T3bN0M0 or 
T2/3N1-3M0)

Multicenter, 
randomized, 
controlled trial

247 5-year OS: 0.665 
(control) vs. 0.660 
(treatment) (HR 
1.040; 95% CI, 
0.671–1.613, P ¼ 
_0.861)

5-year DFS: 0.671 
(control) vs. 0.567 
(treatment) (HR 
1.412; 95% CI, 
0.927–2.149, P ¼ 
_0.107)

Passalacqua 
et al. [34]

IL-2 and IFN-α _v 
observation

pT1, T2, T3 a-b-c; 
pN0-pN3,M0M

Multicenter, 
randomized, 
controlled trial

310 5-year DFS: 0.73 
(control) vs. 0.73 
(treatment)

10-year DFS: 0.60 
(control) vs. 0.73 
(treatment) (HR 
0.84; 95% CI, 
0.54–1.33, P ¼ _0.47)
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Adjuvant clinical trials in RCC using immune therapies

Authors Intervention Patient population Design No. of 
patients

Outcome

Clark et al. [48] IL-2 vs. observation T3b-4 or N1-3 (LA) 
or M1

Multicenter, 
randomized, 
controlled trial

69 total; 
44 LA, 
25M1 
disease

2-year DFS: 48% 
(control in LA 
patients) vs. 53% 
(treatment in LA 
patients) (P ¼ _0.73)

2-year OS: 77% 
(control in LA 
patients) vs. 86%

Messing et al. 
[33]

IFN-α-NL vs. 
observation

pT3–4a and/or 
node-positive

Multicenter, 
randomized, 
controlled trial

283 At 10.4 years median 
follow-up: Median 
survival: 7.4 years 
(control) vs. 5.1 years 
(treatment) (P ¼ 
_0.09). DFS: 3.0 years 
(control) vs. 2.2 years 
(treatment) (P ¼ 
_0.33)

Atzpodien et al. 
[35]

IL-2 and IFN-α2a 
and intravenous 5 
vs. fluorouracil

pT3b/c pN0 or 
pT4pN0), pN, complete 
resection of tumor 
relapse or solitary 
metastasis (R0)

Multicenter, 
randomized, 
controlled trial

203 At median follow-up 
of 4.3 years:

2-year OS: 91% 
(control) vs. 81% 
(treatment)

5-year OS: 76% 
(control) vs. 58% 
(treatment)

8-year OS: 66% 
(control) vs. 58% 
(treatment) (P ¼ 
_0.0278)

2-year DFS: 62% 
(control) vs. 54% 
(treatment)

5-year DFS: 49% 
(control) vs. 42% 
(treatment)

8-year DFS: 49% 
(control) vs. 39% 
(treatment) (P ¼ 
_0.2398)

Aitchison et al. 
[36]

IL-2 and IFN-α2a 
and intravenous 
5-fluorouracil

T3b-c,T4 or any pT and 
pN1 or pN2 or positive 
microscopic margins or 
microscopic vascular 
invasion

Multicenter, 
randomized, 
controlled trial

309 3-year DFS: 50% 
(control) vs. 60% 
(treatment) (HR 
0.87; 95% CI, 
0.63–1.20)

5-year OS: 60% 
(control) vs. 68% 
(treatment) (HR 
0.91; 95% CI, 
0.60–1.38)
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studies, there are several checkpoint inhibitors that are in development as well as others that 
are currently being evaluated in trials for mRCC and would subsequently be assessed in the 
adjuvant setting [71–73] (Tables 4–6).

7.7. Change of practice

The European Association of Urology Renal Cell Cancer Guidelines Panel, which includes 
patient representatives and clinicians, considered a number of different scenarios to determine 
what would be required from S-TRAC to change practice. The decision on practice change 

Adjuvant clinical trials in RCC using immune therapies

Authors Intervention Patient population Design No. of 
patients

Outcome

Galligioni et al. 
[39]

Autologous 
irradiated tumor 
cells and BCG vs. 
observation

Stages I, II, and III Prospective, 
randomized, 
controlled trial

120 At 61 months 
median follow-up:

5-year OS: 78% 
(control) vs. 69% 
(treatment)

5-year DFS: 72% 
(control) vs. 63% 
(treatment)

Adler et al. [40] Autologous 
irradiated tumor 
cells & BCG & 
hormone vs. 
hormone

All stages Prospective, 
randomized, 
controlled trial

43 Trend for 
prolongation of DFS 
for stage I, II, and III 
(P o.1)

Wood et al. [41] Autologous, 
tumor-derived 
heat-shock protein 
(glycoprotein 
96)-peptide 
complex (HSPPC-
96; vitespen) vs. 
observation

cT1b–T4 N0 M0, 
or cTanyN1-
2M0Multicenter

Multicenter, 
randomized, 
controlled trial

819 At 1.9 years 
median follow-up: 
recurrence: 39.8% 
(control) vs. 37.7% 
(treatment) (HR 
0.923; 95% CI, 
0.729–1.169, P ¼ 
_0.506) OS not 
mature

Jocham et al. 
[42]

Autologous 
renal tumor cells 
(Reniale)

pT2–3b pN0–3 Multicenter, 
randomized, 
controlled trial

558 At 5-year follow-up: 
DFS: 67.8% 
(control) vs. 77.4% 
(treatment) (P 
¼ _0.0204). At 
70-month follow-up: 
DFS: 59.3% (control) 
vs. 72% (treatment). 
HR for tumor 
progression: 1.58 
(95% CI 1.05–2.37) 
and 1.59 (1.07–2.36) 
(P ¼ _0.0204)

IFN, interferon; IL, interleukin; NL, neutral lymphoblastoid; LA, locally advanced; BCG, bacillus Calmette-Guérin; 
CI, confidence interval; LA, locally advanced; HR, hazard ratio; M, metastatic; OS, overall survival; DFS, disease-free 
survival.

Table 3. Adjuvant clinical trials in RCC using immune therapies.
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was taken in the context of the data from ASSURE. Results showed that only 1 out of 15 (6%) 
of the panel would change their standard of care when considering the DFS and OS closest 
to S-TRAC (DFS: HR 0.75, p < 0.05; OS: HR 1.0, p > 0.05). Standard practice would only be 
significantly influenced by a significant survival benefit. In addition, kidney cancer patients 
from the International Kidney Cancer Coalition (IKCC) participated in a questionnaire about 

Trial name. Trial ID Intervention Sample 
size

Inclusion criteria 
(histology; stage/
grade)

Primary 
endpoint 
measure

Completion 
date

ARISER NCT00087022 Girentuximab 864 ccRCC; T1b,N0, 
NX,MO, 
T2,N0, NX,MO 
(grade ≥ 3) (risk: 
intermediate-
High)

DFS,OS 2014

ASSURE NCT00326898 Sorafenib or 
Sunitinib

1943 Any; pT1bN0M0 
(grades 3–4), pT2-
4N1-3M0 (risk: 
intermediate-high)

DFS 2016

S-TRAC NCT00375674 Sunitinib 615 ccRCC; pT2N0M0 
(grades 3–4) or 
pT3-4N0M0 or 
pTxN1M0 (risk: 
High)

DFS 2016

PROTECT NCT01235962 Pazopanib 1500 ccRCC; pT2N0M0 
(grades 3–4) or 
pT3-4N0M0 or 
pTxN1M0 (risk: 
intermediate-high)

DFS 2017

Table 4. RCC adjuvant clinical trials that have been completed.

Trial name. Trial ID Intervention Sample 
size

Inclusion criteria 
(histology; stage/
grade)

Primary 
endpoint 
measure

Estimated 
completion 
date

SORCE NCT00492258 Sorafenib 1420 Any; pT1a N0M0 
(grade 4), pT1b 
N0M0 (grades 
3–4), pT2-4N0M0, 
pT1b-4N1M (risk: 
intermediate-high)

DFS 2019

ATLAS NCT01599754 Axitinib 592 ccRCC; pT2-
4N0M0 or 
pTxN1M0 (risk: 
high)

DFS 2019

EVEREST NCT01120249 Everolimus 1218 Any; pT1bN0M0 
(grades 
3–4) or pT2-
4N1-3M0 (risk: 
intermediate-high)

DFS 2021

Table 5. Current set of adjuvant clinical trials that are still in progress.
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studies, there are several checkpoint inhibitors that are in development as well as others that 
are currently being evaluated in trials for mRCC and would subsequently be assessed in the 
adjuvant setting [71–73] (Tables 4–6).
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the implications for STRAC. The results lacked clarity. Twenty-two patient representatives 
from the IKCC network were asked what degree of PFS advantage would be needed to justify 
taking sunitinib for 1 year. Approximately one-third of patients favored not taking sunitinib 
when faced with the S-TRAC results [79].

Recently, on November 2017, the FDA approved the use sunitinib for the adjuvant treatment 
of adult patients at high risk of recurrent renal cell carcinoma following nephrectomy. The 
approval was based on (S-TRAC) trail.

8. Conclusions and future directions

Targeted therapy has become the current mainstay in the management of metastatic RCC 
and its success with advanced stage disease has been the driving force behind the increas-
ing number of targeted therapy trials in the adjuvant setting. The emergence of immune 
checkpoint inhibitors in the last couple of years has further led to important advances in 
our understanding and management of mRCC. However, many ongoing trials are yet to be 
completed in both cases and there is ample potential for further investigation—especially 
with respect to combinational therapy regimes. This includes the combination of TKIs with 
immune therapies (e.g., NCT01513187: Pazopanib with Interferon Alfa 2-A), combination 
of TKIs with chemotherapeutics (e.g., NCT00556049: Sunitinib with Gemcitabine), and the 
combination of anti-VEGF antibodies and mTOR inhibitors (e.g., NCT01399918: bevacizumab 
and everolimus). All of these treatments may be of interest for future adjuvant trials in RCC if 
they are found to be effective in stage IV disease. However, they may have more side effects, 
making them less suitable in particular for adjuvant treatment. Nonetheless, the current infor-
mation, which has resulted from all the progress in the field, remains incongruent. While the 
current set of completed adjuvant clinical trials have provided negative or conflicting results 
(ARISER, PROTECT, S-TRAC vs. ASSURE), there are additional large-scale trials that are still 
in progress. The existing trial design has several limitations, the key one being the overall 
lack of standardization seen across various assessment criteria. Future directions include 

Trial name Trial ID Intervention Estimated 
enrollment

Primary 
endpoint 
measure

Start date Completion 
date

PROSPER NCT03055013 Nivolumab 
(pre-Nx)

766 DFS February 
2, 2017

2022

KEYNOTE-564 NCT03142334 Pembrolizumab 950 DFS June 9, 
2017

2022

CheckMate 914 NCT03138512 Nivolumab, 
ipilimumab

800 DFS July 3, 
2017

2023

IMmotion010 NCT03024996 Atezolizumab 664 DFS January 3, 
2017

2024

Table 6. Ongoing adjuvant and neo-adjuvant clinical trials.
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incorporating a genetic recurrence score to evaluate risk of relapse in patients, developing an 
adequate and an objectively standardized adjuvant trial design, identifying novel biomarkers 
and evaluating novel drug targets.

That based on results from current trials, the “high risk for recurrence” RCC patient population 
(T3-T4, grade 3-4) may benefit from adjuvant sunitinib providing DFS advantage but pending 
OS results. Patients, in this category, interested in adjuvant therapy would benefit from a dis-
cussion with an oncologist regarding the potential benefits and risks of adjuvant treatment post 
kidney cancer surgery. Overall, the landscape of adjuvant treatment in nonmetastatic high-risk 
RCC is expected to expand and to further develop in the coming years.

Author details

Fadil Hassan1, Shahid Lambe1, Kiran Sharma1 and Anil Kapoor2*

*Address all correspondence to: akapoor@mcmaster.ca

1 McMaster University, Hamilton, ON, Canada

2 Division of Urology, McMaster University, Hamilton, ON, Canada

References

[1] Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. GLOBOCAN 2008 v1.2, 
Cancer Incidence and Mortality Worldwide. Lyon, France: International Agency for 
Research on Cancer; 2010

[2] Canadian Cancer Society’s Advisory Committee on Cancer Statistics. Canadian Cancer 
Statistics 2015. Toronto, ON: Canadian Cancer Society; 2015

[3] Renal Cell Carcinoma. Cleveland Clinic. 2013. Available from: http://www.cleveland-
clinicmeded.com/medicalpubs/diseasemanagement/nephrology/renal-cell-carcinoma/

[4] Kidney Cancer Association. About Kidney Cancer. October, 2016. Available from: http://
www.kidneycancer.org/knowledge/learn/about-kidney-cancer/

[5] National Cancer Institute: SEER Stat Fact Sheets: Kidney and Renal Pelvis. Key Fact 
Available from: http://seer.cancer.gov/statfacts/html/kidrp.html (link is external)

[6] Kidney Cancer—Mayo Clinic [Internet]. Mayoclinic.org. Available from: http://www.
mayoclinic.org/diseases-conditions/kidney-cancer/basics/definition/con-20024753

[7] Abe H, Kamai T. Recent advances in the treatment of metastatic renal cell carcinoma. 
International Journal of Urology. Oct 2013;20:944-955

[8] Janzen NK, Kim HL, Figlin RA, Belldegrun AS. Surveillance after radical or partial 
nephrectomy for localized renal cell carcinoma and management of recurrent disease. 
The Urologic Clinics of North America. 2003;30:843-852

Current Role of Adjuvant Therapy in High Risk for Recurrence Resected Kidney Cancer
http://dx.doi.org/10.5772/intechopen.78684

187
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from the IKCC network were asked what degree of PFS advantage would be needed to justify 
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lack of standardization seen across various assessment criteria. Future directions include 
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Abstract

The hallmark of renal cell carcinoma is its biological characteristic of invading the renal 
vein and/or inferior vena cava (IVC), which occurs in 4–10% of patients. Radical nephrec-
tomy (RN) with tumor thrombectomy is the standard approach for treating such chal-
lenging cases. Except tumor thrombus height, several factors can determine the surgical 
strategy, including the effect of targeted molecular therapy (TMT), invasion of the IVC 
wall, venous occlusion, establishment of collateral circulation, IVC thromboembolism, 
and primary tumor location. The surgical strategy for patients with retrohepatic vena 
cava tumor thrombi depends on the upper extent of the tumor thrombus. In addition, 
the first porta hepatis and hepatic veins are important anatomical boundaries. Based on 
previous studies, the effect of pre-surgical TMT is limited. The safety of IVC venography, 
an imaging modality that can observe congestion of the tumor thrombus and show the 
collateral circulation, has considerably improved. IVC interruption plays an important 
role in tumor thrombectomy for patients with invasion of the venous walls, complete 
occlusion of the vena cava, and the presence of distal thrombus. A series of retrospective 
and prospective studies are needed to be conducted, which will provide our clinical work 
with more powerful reference and basis.

Keywords: renal cell carcinoma, tumor thrombus, targeted molecular therapy, inferior 
vena cava venography, vascular resection, surgical strategy

1. Introduction

The Chinese Cancer Registry Annual Report of 2015 indicates that renal cell carcinoma (RCC) 
represents approximately 2–3% of new cases of malignant tumor in China annually and the 

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Chapter 11

Surgical Strategy for the Management of Renal Cell
Carcinoma with Inferior Vena Cava Tumor Thrombus

Cheng Peng, Liangyou Gu, Luojia Yang,
Baojun Wang, Qingbo Huang, Dan Shen,
Songliang Du, Xu Zhang and Xin Ma

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.73294

Provisional chapter

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons  
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited. 

DOI: 10.5772/intechopen.73294

Surgical Strategy for the Management of Renal Cell 
Carcinoma with Inferior Vena Cava Tumor Thrombus

Cheng Peng, Liangyou Gu, Luojia Yang, Baojun Wang, 
Qingbo Huang, Dan Shen, Songliang Du, Xu Zhang and 
Xin Ma

Additional information is available at the end of the chapter

Abstract

The hallmark of renal cell carcinoma is its biological characteristic of invading the renal 
vein and/or inferior vena cava (IVC), which occurs in 4–10% of patients. Radical nephrec-
tomy (RN) with tumor thrombectomy is the standard approach for treating such chal-
lenging cases. Except tumor thrombus height, several factors can determine the surgical 
strategy, including the effect of targeted molecular therapy (TMT), invasion of the IVC 
wall, venous occlusion, establishment of collateral circulation, IVC thromboembolism, 
and primary tumor location. The surgical strategy for patients with retrohepatic vena 
cava tumor thrombi depends on the upper extent of the tumor thrombus. In addition, 
the first porta hepatis and hepatic veins are important anatomical boundaries. Based on 
previous studies, the effect of pre-surgical TMT is limited. The safety of IVC venography, 
an imaging modality that can observe congestion of the tumor thrombus and show the 
collateral circulation, has considerably improved. IVC interruption plays an important 
role in tumor thrombectomy for patients with invasion of the venous walls, complete 
occlusion of the vena cava, and the presence of distal thrombus. A series of retrospective 
and prospective studies are needed to be conducted, which will provide our clinical work 
with more powerful reference and basis.

Keywords: renal cell carcinoma, tumor thrombus, targeted molecular therapy, inferior 
vena cava venography, vascular resection, surgical strategy

1. Introduction

The Chinese Cancer Registry Annual Report of 2015 indicates that renal cell carcinoma (RCC) 
represents approximately 2–3% of new cases of malignant tumor in China annually and the 

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



trend in the morbidity of RCC has been increasing [1]. The hallmark of RCC is its biologi-
cal characteristic of invading the renal vein and/or inferior vena cava (IVC), which occurs in 
4–10% of patients [2]. Past clinical decision making mostly adopts conservative treatment, in 
terms of high morbidity and mortality rates during this kind of procedures. Radical nephrec-
tomy (RN) with tumor thrombectomy is the standard approach for treating such challenging 
cases [3]. These patients were able to obtain, as literature reported, better long-term survival, 
and the tumor-specific survival rate is in up to 50% [4–7].

With the development of laparoscopy and robotic technology and the accumulation of 
practical experience in surgery, we noted that the height of IVC thrombus could not suf-
ficiently guide the choice of surgical strategy, considering that only the thrombus height 
was assessed. Several factors, such as the effect of neoadjuvant targeted molecular therapy 
(TMT), invasion of the IVC wall, venous occlusion, establishment of collateral circulation, 
IVC thromboembolism, and primary tumor location, can determine the surgical strategy. 
The present comprehensive review describes how those factors influence surgical strategy 
and patient outcomes.

2. Technological innovations and classifications

RCC tends to invade the renal venous system, forming a thrombus that invades the IVC and 
even involving the right atrium [2]. RN with tumor thrombectomy is the standard approach 
for treating such challenging cases. The grading system based on tumor thrombus height 
was created to determine surgical strategies. As early as 1987, the Mayo Clinic had adopted 
the “NEVES grading.” Level I is defined as a tumor thrombus that is <2 cm apart from the 
orificium of the renal vein. Level II is defined as a tumor thrombus extending to the IVC 
>2 cm above the renal vein but below the hepatic veins. Level III is defined as a tumor throm-
bus that extends above the hepatic veins but below the diaphragm. Level IV is defined as a 
tumor thrombus located above the diaphragm. Surgical strategies are varied in correspond-
ing levels. Traction of the liver is required in levels I to II. Turning-up the liver, blocking-up 
vessels located below the diaphragm, and clamping the portal vein are required in levels 
II to III. The establishment of an extracorporeal circulation is necessary in levels III and IV 
[8]. In 2002, the University of Miami divided level III tumor thrombus into four categories 
ulteriorly, which corresponded to diverse surgical strategies [9]. However, the most classic 
guideline is the “5-level classification” of a tumor thrombus, which was proposed by the 
Mayo Clinic in 2004 [10]. Idiographic grading standards and surgical strategies are shown 
in Table 1.

Nevertheless, these grading systems are completely based on the experience of open surgery. 
Since Skinner first reported the open surgery of IVC tumor thrombectomy in 1972 [11], the 
technique of IVC tumor thrombectomy has been improving continuously. Some scholars had 
attempted to accomplish these surgeries with laparoscope in 2002 [12, 13]. In 2011, Abaza 
first reported on robot-assisted IVC tumor thrombus extraction [14]. In recent years, several 
medical centers have investigated the safety and feasibility of robot-assisted laparoscopic 
IVC thrombectomy (RAL-IVCTE) [15–18]. Based on the anatomic characteristics of RCC, we 
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reported the particular steps of robot-assisted surgery and concluded that RAL-IVCTE is 
safe, and different sides require different techniques [18]. Gu and colleagues performed a 
retrospective comparison between open and robotic surgeries in IVC thrombus. The study 
indicated that level I–II IVC tumor thrombectomy performed with robot-assisted surgery 
resulted in better perioperative periodical outcomes and analogous oncological outcomes 
compared with open surgery, marking that such surgery has entered the era of mini-trau-
matic surgery [19].

3. Surgical procedure

3.1. Anesthesia and patient position

After general anesthesia induction and Foley catheter placement, the patients were positioned 
in a left lateral decubitus position with a 60–70° bump (Figure 1A and B). For right RCC, 
R-IVCTE and RN can be both completed with this position. For left RCC, R-IVCTE can be 
completed with this position. After R-IVCTE, the placement of patients was converted to a 
right lateral decubitus position with a 60–70° bump, and left RN was performed.

3.2. Right RN and IVC thrombectomy

The hepatocolic, hepatorenal, and chain ligaments were incised. The liver required to be up-
retracted. The anterior layer of the perirenal fascia was opened, the duodenum was dissected 
and retracted inside, and the IVC was exposed. Full dissection of the IVC, left renal vein, and 
part of the lumbar vein were required at the location of the tumor thrombus (Figure 1C). For 
level II IVC thrombus, the hepatic short vein, and even right central vein of the adrenal gland, 
was also clipped and divided (Figure 1D). Sequential clamping of the caudal IVC, left renal 
vein, and cephalic IVC were performed using vessel loops (Figure 1E). After the vessels were 
clamped, the IVC wall was cut, and the thrombus was removed (Figure 1F). After the IVC 

Tumor 
thrombus level

Definition Surgical strategy

0 Tumor thrombus is limited to the renal vein Radical nephrectomy of renal cell carcinoma

I Tumor thrombus extend into IVC with <2 cm 
above the renal vein

Tumor thrombus could be extruded to renal vein 
and then radical nephrectomy

II Tumor thrombus extends in to IVC >2 cm 
above the renal vein but below the hepatic 
veins

The traction of liver is required; blocking-up the 
section of IVC underneath hepatic vein

III Tumor thrombus which extends above the 
hepatic veins but below diaphragm

The mobilization of the liver; vena-venous bypass 
is required

IV Tumor thrombus is above diaphragm Intraoperative extracorporeal circulation is requisite

IVC = inferior vena cava.

Table 1. The grading standards and surgical strategies tumor thrombus.
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hepatic veins but below diaphragm

The mobilization of the liver; vena-venous bypass 
is required

IV Tumor thrombus is above diaphragm Intraoperative extracorporeal circulation is requisite

IVC = inferior vena cava.

Table 1. The grading standards and surgical strategies tumor thrombus.
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lumen was irrigated with heparinized saline, 5-0 polypropylene suture was used to close the 
IVC (Figure 1G). The tourniquets of the caudal IVC, left renal vein, and cephalic IVC were 
sequentially loosened. In the same position, right RN was completed.

Figure 1. Surgical procedure for robot-assisted laparoscopic inferior vena cava thrombectomy. Patient position and port 
placement is shown, with three assistant ports used. (A and B). The inferior vena cava and left renal vein was exposed 
(C). The hepatic short vein was clipped and divided (D). Sequential clamping caudal IVC, left renal vein, and cephalic 
IVC were performed by vessel loops (E). The thrombus was removed (F). The IVC was closed with 5-0 polypropylene 
suture (G). Ligation and division of the left renal vein for the left RCC (H). Intraoperative IVC interruption in selected 
cases (I). IVC = inferior vena cava; RCC = renal cell carcinoma.
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3.3. Left RN and IVC thrombectomy

The patient position and port placement were the same as those for the right RCC. However, 
we suggest that left renal artery embolization must be performed 1–2 h preoperatively. The 
steps were similar in dissecting the IVC. Subsequently, we ligated and divided the left renal 
vein, which included the thrombus, with Endo-GIA (Figure 1H). The clamping sequence 
was the caudal IVC first, followed by the right renal artery, right renal vein, and cephalic 
IVC. After thrombus removal, the placement of the patients was converted to a right lateral 
decubitus position, with a 60–70°bump, and left RN was performed.

3.4. Surgical technique for retro- or superohepatic IVC thrombus

Recently, the latest research completed by our team investigated the surgical method of 
robot-assisted retro- or superohepatic vena caval tumor thrombectomy and its influence 
factor. We found that the surgical strategy for patients with retrohepatic vena caval tumor 
thrombi depends on the upper extent of the tumor thrombus [20]. In addition, the first porta 
hepatis and hepatic veins are important anatomical boundaries. The surgical technique was 
described as follows. If the retrohepatic thrombus was located inferior to the first porta hepa-
tis (Figure 2A), some short hepatic veins should be ligated, but the liver should not be mobi-
lized. If the retrohepatic thrombus was located between the first porta hepatis and hepatic 
veins (Figure 2B), mobilization of the right lobe of the liver is an important step. For retro-
hepatic thrombus located closer or above the second porta hepatis (liver vein) but below the 
infra-diaphragm (Figure 2C), mobilization both the right and left lobes of the liver can facili-
tate high proximal control of the superohepatic IVC. In addition, the first porta hepatis should 
be clamped. For superohepatic (level IV) thrombus, thoracoscope-assisted open atriotomy 
was performed to cut the atrial part of the thrombus, and vena caval tumor thrombectomy 
was subsequently performed by clamping the superodiaphragm IVC after cardiopulmonary 
bypass was established (Table 2).

Figure 2. The first porta hepatis and hepatic veins are important anatomical boundaries on representative images of 
radiography. The retrohepatic thrombus inferior to the first porta hepatis (A). The retrohepatic thrombus inferior to the 
first porta hepatis (B). The retrohepatic thrombus closer or above the second porta hepatis (liver vein) but blew infra-
diaphragm (C). FPH = first porta hepatis; SPH = second porta hepatis; IVC = inferior vena cava tumor.
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we suggest that left renal artery embolization must be performed 1–2 h preoperatively. The 
steps were similar in dissecting the IVC. Subsequently, we ligated and divided the left renal 
vein, which included the thrombus, with Endo-GIA (Figure 1H). The clamping sequence 
was the caudal IVC first, followed by the right renal artery, right renal vein, and cephalic 
IVC. After thrombus removal, the placement of the patients was converted to a right lateral 
decubitus position, with a 60–70°bump, and left RN was performed.

3.4. Surgical technique for retro- or superohepatic IVC thrombus

Recently, the latest research completed by our team investigated the surgical method of 
robot-assisted retro- or superohepatic vena caval tumor thrombectomy and its influence 
factor. We found that the surgical strategy for patients with retrohepatic vena caval tumor 
thrombi depends on the upper extent of the tumor thrombus [20]. In addition, the first porta 
hepatis and hepatic veins are important anatomical boundaries. The surgical technique was 
described as follows. If the retrohepatic thrombus was located inferior to the first porta hepa-
tis (Figure 2A), some short hepatic veins should be ligated, but the liver should not be mobi-
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veins (Figure 2B), mobilization of the right lobe of the liver is an important step. For retro-
hepatic thrombus located closer or above the second porta hepatis (liver vein) but below the 
infra-diaphragm (Figure 2C), mobilization both the right and left lobes of the liver can facili-
tate high proximal control of the superohepatic IVC. In addition, the first porta hepatis should 
be clamped. For superohepatic (level IV) thrombus, thoracoscope-assisted open atriotomy 
was performed to cut the atrial part of the thrombus, and vena caval tumor thrombectomy 
was subsequently performed by clamping the superodiaphragm IVC after cardiopulmonary 
bypass was established (Table 2).

Figure 2. The first porta hepatis and hepatic veins are important anatomical boundaries on representative images of 
radiography. The retrohepatic thrombus inferior to the first porta hepatis (A). The retrohepatic thrombus inferior to the 
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4. Preoperative targeted therapy

Although mini-traumatic surgery has been applied in patients with RCC and tumor throm-
bus, level III and IV tumor thrombus might have lethal complications, including hemorrhage, 
thrombotic shedding, etc. The operative mortality and overall morbidity rates of postopera-
tive complication of patients with tumor thrombus patients have been reported up to 5–10% 
and 38%, respectively [21]. Moreover, as tumor thrombus level advanced, the morbidity of 
perioperative periodical complications is higher accordingly. With regard to patients with 
level III and IV tumor thrombus, surgical strategies usually involve thoracotomy, dealing 
with retro- or superohepatic IVC, and establishing extracorporeal circulation, which can be 
achieved with the assistance of hepatobiliary and cardiovascular surgeons.

With the targeted molecular therapy (TMT) of rising, TMT has been widely acknowledged 
as the most effective treatment for advanced RCC, particularly for patients with metastatic 
RCC. In recent years, targeted drugs have been reported to be applied in preoperative adjunc-
tive therapy for tumor thrombus because of its high success rate in the treatment of advanced 
RCC [22, 23]. The purpose of administering target drugs was to lessen the height of tumor 
thrombus or shrink the primary lesions or metastases, which may enhance the safety and 
feasibility of surgical intervention. The results of some retrospective observations with a 
small sample present diversities [24–26]. After preoperative TMT, 44–76% of the patients’ 
IVC tumor thrombus had shrinkage in different degrees, with tumor thrombus degradation 
averaging approximately 20%. Cost and colleagues reported a retrospective outcome from a 
sample of 25 patients, wherein three patients (12%) had a reduction in the thrombus degrada-
tion, and one patient (4%) had an increase [25]. As a result of first-class evidence deficiency, 
this therapeutic regimen has not been recommended by the guidelines. Thus, further prospec-
tive investigations with a larger number of patients are needed to overcome the limitations.

Location of IVC thrombus Surgical strategy

Retrohepatic but inferior to the FPH 1. Ligating some SHV

2. Retracting but not liver mobilization

Retrohepatic and between the FPH and hepatic veins 1. Ligating more SHV

2. Mobilizing the right lobe of the liver.

3. Not clamping FPH

Retrohepatic and closer (level II) or above (level III)  
the second porta hepatis (liver vein) yet 
infra-diaphragm

1. Mobilizing both the right and left lobes of the liver

2. High proximal control of superohepatic IVC

3. Clamping of the FPH Simultaneously

Superohepatic (level IV) 1. Thoracoscopic atriotomy for cutting atrial part of the 
thrombus

2. Establishing cardiopulmonary bypass

3. Performing IVC tumor thrombectomy after Clamping the 
superodiaphragm IVC

IVC = inferior vena cava; SHV = short hepatic vein; FPH = first porta hepatis.

Table 2. Changes of techniques for robot-assisted retro- or supero-hepatic vena caval tumor thrombectomy in our 
method.
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5. Postoperative targeted therapy in patients without metastasis

For patients with non-metastatic RCC and tumor thrombus, the recurrence rate of the tumor 
is approximately 50% at 3 years preoperatively, despite performing RN [27]. Thus, for these 
patients, only operative treatment may not be sufficient. Adjuvant IL-2/IFN applied in prophase 
postoperatively, chemotherapy, and hormone therapy are all negative for high-recurrence risk 
RCC [28]. Small molecules targeting the vascular endothelial growth factor pathway prolong the 
progression-free survival of patients with advanced RCC [29, 30]. Based on these, the postopera-
tive application of antiangiogenic medicine for patients with high-relapse risk RCC will play a 
positive role. Three randomized controlled trials, currently, have reported the outcomes of adopt-
ing targeted therapy for high-recurrence risk RCC. Although a study found that sunitinib treat-
ment 1-year postoperatively prolonged relapse-free survival for 1–2 years. Two other studies did 
not find a survival benefit [31–33]. Therefore, the European Association of Urological Surgeons 
does not recommend targeted drugs for postoperative RCC with high risk of relapse [34].

For patients with non-metastatic RCC and tumor thrombus, a cohort study designed by the 
Chinese PLA General Hospital analyzed the efficacy and safety of the postoperative adminis-
tration of sorafenib or sunitinib. The results showed that no survival benefit was observed for 
patients with tumor thrombus or IVC tumor thrombus who were administered postoperative 
adjuvant sorafenib or sunitinib [19].

6. Strategies and indications of IVC venography

Sufficient preoperative imaging data is requisite for successful thrombectomy. However, sev-
eral problems in the imaging diagnosis of IVC tumor thrombus still exist: Type-B ultrasound 
has difficulty in accurately diagnosing abnormal changes owing to numerous interferences. 
Magnetic resonance imaging (MRI) and computed tomography cannot effectively reflect the 
collateral circulation, and cannot define the degree of occlusion [35]. Therefore, more effective 
means are required to supplement these three routine examinations. IVC venography can 
observe the thrombus occlusion through the lateral position, which enables to maximize a 
rich data of tumor thrombus preoperatively and to make a more accurate surgical plan.

IVC venography has been widely used in the diagnosis of Budd-Chiari syndrome and other 
diseases [36]. There are still more applications in renal cancer with IVC tumor thrombus yet. 
Some studies reported that <15% of cases of patients with cancer thrombus would use IVC 
venography, and some researchers previously thought that the inspection might have false-
positive or false-negative results. Meanwhile, there is a risk of emboli-induced pulmonary 
embolism or tumor embolus exfoliate diffusion. Therefore, performing IVC venography rou-
tinely is not recommended [37, 38].

However, with the improvement of radiographic technique in recent years, the safety of IVC 
venography has been observably improved, and this method may define the formation of 
collateral circulation of the vena cava and help develop a thrombectomy strategy, which has 
unique diagnostic advantages. Hence, conducting a new study for IVC venography is neces-
sary. Based on our experience, we speculate that the following patients may be a candidate 
for IVC venography: (1) RCC with IVC tumor thrombus; (2) clearance of the tumor thrombus 
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and 38%, respectively [21]. Moreover, as tumor thrombus level advanced, the morbidity of 
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as the most effective treatment for advanced RCC, particularly for patients with metastatic 
RCC. In recent years, targeted drugs have been reported to be applied in preoperative adjunc-
tive therapy for tumor thrombus because of its high success rate in the treatment of advanced 
RCC [22, 23]. The purpose of administering target drugs was to lessen the height of tumor 
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IVC tumor thrombus had shrinkage in different degrees, with tumor thrombus degradation 
averaging approximately 20%. Cost and colleagues reported a retrospective outcome from a 
sample of 25 patients, wherein three patients (12%) had a reduction in the thrombus degrada-
tion, and one patient (4%) had an increase [25]. As a result of first-class evidence deficiency, 
this therapeutic regimen has not been recommended by the guidelines. Thus, further prospec-
tive investigations with a larger number of patients are needed to overcome the limitations.
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Retrohepatic and between the FPH and hepatic veins 1. Ligating more SHV

2. Mobilizing the right lobe of the liver.
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plane; (3) definition of the degree of occlusion; (4) existence of collateral circulation, which 
may affect intraoperative vascular resection; (5) detection of the variation of the communi-
cating branches of vena cava, such as the variation communicating between IVC and vena 
azygos, which might interfere with the surgery.

7. Indications and strategies of intraoperative IVC interruption

With regard to dealing with the IVC intraoperatively is one of the difficulties of IVC throm-
bectomy. There necessity of reconstruction after IVC resection is still controversial.

Indications for vena caval interruption include invasion of the venous walls, severe adhesion of 
the tumor to the vascular endothelium, complete occlusion of the vena cava, and the presence of 
distal thrombus [21, 39, 40]. In addition, the texture of the cancer thrombus is one of the influenc-
ing factors. With regard to preoperative imaging, the IVC in line with the indications of interrup-
tion and accompanied by sufficient collateral circulation, meanwhile, without serious cardiac, 
hepatic, and renal insufficiencies can be completely cut off. IVC venography and intraoperative 
ultrasound can help determine the disjointed lumina, which enables protection of the estab-
lished collateral circulation trunk. IVC interruptions include complete and partial vena caval 
resections with reconstruction. Based on our experience, for right tumors, the height of the tumor 
thrombus, which is below the secondary hepatic portal, linear cutters are used to successively 
cut off the proximal, distal, and left renal veins of the tumor thrombus (Figure 1I). With regard 
to right tumor thrombus above the secondary hepatic portal, or left tumor thrombus above the 
level of the right renal vein and combined with distal thrombus, the vena cava can be resected 
partially. Methods for right thrombectomy include cutting off the lumina of the IVC below the 
secondary hepatic portal and reconstructing the lumina of the IVC above the secondary hepatic 
portal. The left thrombectomy procedure is resecting the lumina of the IVC below the level of 
the right renal vein and reconstructing the lumina of the IVC above the level of the renal vein.

Meanwhile, IVC interruption is safe and feasible during vena caval thrombectomy [39, 40], 
and the establishment of collateral circulation can avoid severe hemodynamic disorders. 
Different strategies of interruption ought to be generated preoperatively based on the height 
of tumor thrombus, tumor side, degree of vena caval obstruction and invasion, and establish-
ment of collateral circulation.

8. IVC tumor thrombus with thrombosis and treatment 
recommendations

Vena cava tumor thrombus with thrombosis is common. The prevalence of thrombosis gath-
ered by the Urological Department of Chinese PLA General Hospital is 19.2%. Thrombosis, at 
the same time, is not found within the renal venous tumor thrombus; all thrombosis occurred 
in the vena cava tumor thrombus. Among them, vena caval thrombi were all located on the 
right, the thrombus was located in the distal end of the tumor thrombus, and the distal throm-
bus could reach the bifurcation of the iliac vessel. Preoperative MRI can help determine the 
location and length of the thrombus.
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Preoperative anticoagulation therapy is recommended for patients with thrombosis, and 
medication should be administered from the diagnosis of tumor thrombus and thrombus. 
Low-molecular heparin is recommended for anticoagulation therapy, withdrawing drugs 
24 h preoperatively, maintaining the international normalized ratio of 2–3, and anticoagula-
tion therapy is continued for 48 h postoperatively and maintained for 6 months, except for the 
following: patients with tumor or tumor thrombus who did not undergo complete resection; 
those with metastasis; needs for systemic treatment; and patients with pulmonary embo-
lism. Pre- and postoperative placement of the vena cava stent is not recommended only if the 
patient has pulmonary embolism and contraindications of anticoagulation therapy [41, 42]. 
Preoperative imaging examinations are required for patients with extensive thrombosis at 
the distal end of the tumor thrombus [43]. IVC interruption is recommended, which prevents 
embolization caused by thrombus shedding, for patients who meet the indications and pos-
sess sufficient collateral circulation.

9. Other developments and issues

Besides the previously mentioned issues, some problems need to be solved in the field of RCC 
with tumor thrombus. First, whether the tumor thrombus is invading the venous walls is an 
important issue in diagnosis and treatment process to decide on the preoperative surgical 
strategies. Furthermore, it may also relate to postoperative survival. However, because the 
diagnostic criteria of imaging and pathology are currently insufficient, further studies should 
be conducted.

Second, the survival of patients with RCC and venous thrombus postoperatively was signifi-
cantly worse than those with localized RCC, particularly in patients with preoperative distant 
metastases. For IVC tumor thrombus, particularly patients with level III–IV tumor thrombus, 
the perioperative risk and mortality are higher. At the same time, although some patients com-
pleted the radical resection of tumor, survival after surgery is still less than 6 months. Therefore, 
for patients with high surgical risk or short life expectancy, the necessity for surgery deserves 
further discussions. The prognosis of patients with RCC and venous tumor thrombus, at pres-
ent, lacks the preoperative predicting models particularly related to imaging features. The study 
of preoperative imaging characteristics of tumor thrombus and biological behavior of the tumor 
and the prognosis of patients may provide some guidance for preoperative choice of treatment.

Augmented reality (AR) is a real-time technology to calculate the location and angle of the 
camera images and add corresponding images. The goal of this technology is to set the vir-
tual world in the real world and interact with it on screen [44]. Based on individual anatomy, 
the AR and computer system have been used in partial nephrectomy as a new technology in 
vivo and in vitro [45–47]. To overcome the problem of soft tissue and organ shift, Teber and 
colleagues reported a new navigation approach added to endoscope that was used in laparo-
scopic partial nephrectomy [47]. The study showed that the new AR tracking system proved 
to be effective, with a reasonable margin of error and a time to match each other. In addition, 
combining pre- or intraoperative imaging features with real-time endoscopy will simplify 
and increase the accuracy of laparoscopic surgery [47]. Thus, AR combined with three- 
dimensional vision has a great application value in robotic surgery in the future.
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8. IVC tumor thrombus with thrombosis and treatment 
recommendations
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location and length of the thrombus.
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further discussions. The prognosis of patients with RCC and venous tumor thrombus, at pres-
ent, lacks the preoperative predicting models particularly related to imaging features. The study 
of preoperative imaging characteristics of tumor thrombus and biological behavior of the tumor 
and the prognosis of patients may provide some guidance for preoperative choice of treatment.

Augmented reality (AR) is a real-time technology to calculate the location and angle of the 
camera images and add corresponding images. The goal of this technology is to set the vir-
tual world in the real world and interact with it on screen [44]. Based on individual anatomy, 
the AR and computer system have been used in partial nephrectomy as a new technology in 
vivo and in vitro [45–47]. To overcome the problem of soft tissue and organ shift, Teber and 
colleagues reported a new navigation approach added to endoscope that was used in laparo-
scopic partial nephrectomy [47]. The study showed that the new AR tracking system proved 
to be effective, with a reasonable margin of error and a time to match each other. In addition, 
combining pre- or intraoperative imaging features with real-time endoscopy will simplify 
and increase the accuracy of laparoscopic surgery [47]. Thus, AR combined with three- 
dimensional vision has a great application value in robotic surgery in the future.
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Finally, although RCC invades the venous system to form tumor thrombus, the tissue com-
ponents between the primary tumor of the kidney and the tumor thrombus has a large differ-
ence. Meanwhile, heterogeneity exists in primary RCC and tumor thrombus, which may be 
the reason why primary tumor and tumor thrombus response to preoperative targeted ther-
apy was asynchronous, and drugs among different patients respond differently. Therefore, 
the research of heterogeneity between primary RCC and venous tumor thrombus may find a 
more effective therapeutic target and drug for the reduction of tumor thrombus level, which 
can provide the basis for selecting appropriate patients for neoadjuvant targeted therapy 
preoperatively.

10. Future perspectives

Open IVCTE is still a standard surgery for RCC with IVC thrombus. With the development 
of laparoscopy and robotic technology in recent years, the safety and feasibility of robot-
assisted laparoscopic IVC thrombectomy have been investigated at several centers. Those 
successful experiences mark that such surgery tends to enter the era of mini-traumatic 
surgery. Considering the complexity of the patient and the high complication rates, multi-
disciplinary cooperation and detailed preoperative assessment will play an important role 
in surgical decisions in future. Some new or mature techniques will also provide a basis for 
the surgical strategies, including artificial blood vessel, augmented reality, transesopha-
geal echocardiography, IVC venography, and so on. From a safety perspective, IVCTE is 
still a challenging technology. Only a hospital with skilled laparoscopic and mature surgi-
cal team is recommended. Preoperative TMT is expected to shrink the IVC thrombus and 
reduce the complexity of the surgery. However, prospective investigations are required in 
the future.

11. Conclusions

RCC tends to invade the venous system and form venous tumor thrombus in 4–10% of 
patients. Surgical treatment is the standard therapy for these patients; however, postopera-
tive complications include hemorrhage, thrombotic shedding, and other risks. Because of 
the huge population and relatively backward treatment concepts, the proportion and num-
ber of patients with advanced RCC in China are significantly higher than those in devel-
oped countries, such as Europe and the United States. With regard to patients with RCC 
and tumor thrombus, the strategies for diagnosis and treatment are mostly based on open 
surgery. Several clinic-related strategies are no longer suitable for current laparoscopic and 
robot-assisted mini-traumatic surgeries owing to the development of surgical techniques and 
improvement of auxiliary equipment. With regard to the tumor thrombus, a series of retro-
spective and prospective studies are needed to be conducted, which would enable to solve 
some difficulties and issues in the course of diagnosis and treatment, to improve the clinical 
strategies of diagnosis and treatment of patients with RCC and tumor thrombus ulteriorly, 
and to provide our clinical work with more powerful reference and basis.
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Abstract

The widespread use of imaging has led to an unprecedented increase in the diagnosis of 
small renal masses. Incidence rate has increased worldwide and most notable in older 
population (more than 75 years). There has been an evident revolution in the manage-
ment of patients with small renal masses. Treatment strategies include active surveil-
lance, partial nephrectomy, radical nephrectomy and focal ablative therapies. Nephron 
sparing surgery for small renal tumours offers comparable cancer-specific survival and 
better overall survival when compared to radical nephrectomy. Nevertheless, complica-
tions related to extirpative surgery must be taken into consideration. Thermal ablative 
therapies were developed in an attempt to provide a reproducible treatment option with 
low risk of complications. Energy based renal ablation therapy offers treatment flexibil-
ity, technically less challenging procedure with acceptable oncological outcomes.

Keywords: small renal tumours, kidney cancer, cryoablation, radiofrequency ablation, 
microwave ablation

1. Introduction

A number of population based studies reported an increase in the incidence of diagnosed 
small renal masses ≤4 cm [1–2]. Nephron sparing treatment remains the recommended treat-
ment for cT1a renal masses, especially in young healthy patients. Partial nephrectomy carries 
the same oncological outcomes to radical nephrectomy in treating patients with cT1a renal 
masses [3–6].

Over the last 2 decades, thermal ablation has emerged as alternative treatment option for the 
management of patients with renal masses <3 cm in size. Focal ablative treatment is associated 
with fewer complications and less morbidity. It offers a viable treatment alternative especially 
in patients whom might not be medically suitable for extirpative surgery.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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The widespread use of imaging has led to an unprecedented increase in the diagnosis of 
small renal masses. Incidence rate has increased worldwide and most notable in older 
population (more than 75 years). There has been an evident revolution in the manage-
ment of patients with small renal masses. Treatment strategies include active surveil-
lance, partial nephrectomy, radical nephrectomy and focal ablative therapies. Nephron 
sparing surgery for small renal tumours offers comparable cancer-specific survival and 
better overall survival when compared to radical nephrectomy. Nevertheless, complica-
tions related to extirpative surgery must be taken into consideration. Thermal ablative 
therapies were developed in an attempt to provide a reproducible treatment option with 
low risk of complications. Energy based renal ablation therapy offers treatment flexibil-
ity, technically less challenging procedure with acceptable oncological outcomes.

Keywords: small renal tumours, kidney cancer, cryoablation, radiofrequency ablation, 
microwave ablation

1. Introduction

A number of population based studies reported an increase in the incidence of diagnosed 
small renal masses ≤4 cm [1–2]. Nephron sparing treatment remains the recommended treat-
ment for cT1a renal masses, especially in young healthy patients. Partial nephrectomy carries 
the same oncological outcomes to radical nephrectomy in treating patients with cT1a renal 
masses [3–6].

Over the last 2 decades, thermal ablation has emerged as alternative treatment option for the 
management of patients with renal masses <3 cm in size. Focal ablative treatment is associated 
with fewer complications and less morbidity. It offers a viable treatment alternative especially 
in patients whom might not be medically suitable for extirpative surgery.
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Focal ablative treatment offers flexibility with treatment’s approach. Tumours could be treated 
laparoscopically, percutaneously or less often open approach. The American Urological 
Association recommends percutaneous access over surgical approach whenever is feasible [8].

Focal ablative therapy is well tolerated and technically less challenging. Hilar dissection and 
clamping is not a prerequisite in focal ablative therapy. Renal parenchymal loss is minimal 
following ablative therapy.

2. Cryoablation

2.1. Mode of action

The therapeutic principle of cryotherapy treatment is selective destruction of tumour cells 
with minimal injury to the surrounding tissue. Argon and helium are the most commonly 
used freezing agents. New cryotherapy systems use the Joule-Thomson principle to generate 
lethal temperature down to −187.5°C. Very low temperature causes direct cellular damage 
during freezing phase and indirect reperfusion injury during the thawing phase.

Cellular changes secondary to cryotherapy treatment could be summarised in four main 
stages:

• Formation of extracellular ice crystals leading to hyperosmolar extracellular environment 
and cells shrinkage

• Formation if intracellular ice crystals causing cells damage

• Metabolic activity stops at −40°C

• Thrombosis and micro capillary damage leading to necrosis

To achieve the described cellular changes, it is essential to achieve the following aspects of the 
cryotherapy treatment [7].

2.1.1. Target treatment temperature

It is understood that irreversible tissue damage is achieved when cells are exposed to tempera-
ture between −20 and −50°C. Different structures of the kidney react differently to freezing 
temperatures. This behaviour is largely related to collagen and elastin content. Renal collecting 
system and renal vasculature tolerate cryoablation without real long term injuries. However, 
renal parenchyma is usually destroyed at −19.4°C. It is recommended to achieve temperature 
of −40°C or below to ensure killing tumour cells. Thermosensors are usually placed at the 
edge of the tumour to ensure adequate treatment temperature for the area of interest.

2.1.2. Double freeze-thaw cycle

The standard of care during renal tumour cryoablation is double freeze-thaw cycle. This 
concept has been established after an experiment on 16 female dogs. More adequate area of 
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treatment and liquefaction was achieved following two freeze-thaw cycles compared to dogs 
who had only one treatment cycle.

2.1.3. Satisfactory ablation area

It is recommended to perform cryoablation treatment for renal tumours under real-time 
imaging. The operator should aim for treatment area of 10 mm beyond the margin of tumour 
to ensure adequate treatment temperatures.

2.1.4. Duration of treatment

The duration of treatment should be balanced against risk of suboptimal treatment with short 
cycles or risk of tissue fracture and bleeding with long treatment. The optimal duration of 
freezing cycles is not well described in the literature. Two active cycles with initial freeze cycle 
of 8–10 min and a second freeze cycle of 6–8 min is considered the optimal.

2.2. Guidelines

The European Association of Urology guidelines state that, due to lack of high quality data, no 
recommendation can be made on cryoablation and radiofrequency ablation [9]. The American 
Urological Association (AUA) recently released its guidelines for management of patients 
diagnosed with small renal masses [8]. Focal ablative therapy should be offered as an option 
rather than standard treatment in high risk patients [8, 9].

Cryotherapy treatment offers a viable alternative to surgery especially in following clinical 
circumstances:

• Patients with multiple comorbidities

• Elderly patients

• Patients with multiple/bilateral renal tumours

• Patients with impaired renal function

Cryotherapy is usually recommended for small renal tumours (<3 cm in size). Cystic renal 
masses and hilar masses represent relative contraindications for cryotherapy treatment. 
Untreated coagulopathy is an absolute contraindication for cryotherapy treatment.

2.3. Modality of treatment

Cryotherapy treatment can be delivered percutaneously, laparoscopically or less often with 
open surgical approach.

Laparoscopic mobilisation of the kidney and accurate dissection of the tumour might provide 
an excellent exposure of the tumour. It allows treating anteriorly located tumours safely, thus 
avoiding injury to surrounding structures. Laparoscopic approach allows real time monitor-
ing of ice-ball formation in cryotherapy treatment and confirmation of probes positioning.
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Location of the tumour and surgical expertise would normally mandate the approach of laparo-
scopic cryoablation (transperitoneal or retroperitoneal). Standard three ports technique is used. 
Gerota fascia is incised. The kidney is mobilised and tumour is identified. The overlaying and 
surrounding fat might be excised to allow accurate assessment during the treatment. Histological 
confirmation with 18-gauge biopsy needle is advocated if no prior biopsies have been taken.

Cryoprobes are inserted percutaneously under direct vision. Laparoscopic ultrasonography 
is used to confirm the location of the probes and the margins of the tumour. Treatment is 
delivered with double freeze-thaw cycle. Cryoprobes are removed. Low pressure check is 
performed to check for any post-interventional bleeding.

Percutaneous cryotherapy can be performed as an outpatient procedure under conscious 
sedation or general anaesthesia. It might offer an advantage to laparoscopic approach espe-
cially patients requiring multiple procedures as in Von Hippel-Lindau (VHL) disease. The 
American Urological Association (AUA) recommends a renal biopsy prior to ablation to pro-
vide pathological diagnosis and minimise over treatment of benign conditions [8].

Following anaesthetic induction patient is positioned in the prone or flank position. Lesion 
is characterised following the administration of intravenous contrast depending on imaging 
technique (iodinated or gadolinium contrast). Tumour is localised with finder needle (20-
gauge). A representative biopsy is taken with 18-gauge Try-Cut core biopsy needle under 
CT/MRI guidance. Positioning of cryoprobes and prongs are confirmed with repeat imaging. 
Cryotherapy treatment is carried out achieving the standard of care principles. Once treat-
ment is completed; cryoprobes are removed. Post treatment imaging is performed to check 
treatment adequacy and evaluate for potential bleeding.

2.4. Follow-up and oncological outcomes

The absence of histological evidence for treatment success remains an inherent criticism for 
focal ablative therapy. The interpretation of a routine biopsy following cryotherapy treat-
ment is highly controversial. Therefore, the determination of treatment success is solely reli-
ant on radiological evaluation. Radiological evaluation of treatment success is interpreted 
by complete loss of contrast enactment of follow-up CT or MRI scan. Treated renal lesion 
is expected to shrink by >50% in size within the first year following cryotherapy treatment. 
Most of urological institutions recommend first CT scan or MRI scan with 3–6 months post 
cryotherapy treatment. Currently, there is no consensus on surveillance after RCC treatment. 
A six monthly CT scan is usually recommended within the first year of follow-up. Annual 
CT scan is recommended thereafter if favourable response to treatment has been established.

Selective post cryotherapy treatment biopsy should be sought in the following situations:

• If a lesion demonstrates persistent contrast enhancement following treatment (Incomplete 
treatment).

• If a lesion demonstrates enlargement following cryotherapy treatment and or new contrast 
enhancement (Local tumour recurrence or progression).
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2.5. Treatment outcomes

Currently, there are no RCTs comparing treatment outcomes of PN with focal ablative thera-
pies for small renal masses. The CONSERVE trial was a feasibility multicentre RCT attempted 
to compare PN with CA and RFA. The study was however unable to recruit the desired num-
ber of patients [10].

Rai and colleagues [11] performed recent meta-analysis in which they compared outcomes 
of partial nephrectomy and cryoablation. This study highlighted significantly lower recur-
rences rates following RAPN. The overall recurrence rates in the CA cohort were 11.5% 
compared with 0% in the RAPN cohort. Similar results were concluded from met analysis 
of 13 studies comparing laparoscopic and RAPN with LCA; 9.4 vs. 0.4% respectively [12]. 
The analysis suggested LCA might be associated with improved peri-operative outcomes. 
These meta-analyses found that impact on oncological survival and mortality outcomes was 
profound. These results should be carefully evaluated, as it might reflect the short onco-
logical follow-up [11, 12]. A retrospective review of more than 800 patients reviewed the 
intermediate oncological outcomes of LCA. The 5 and 10 year disease survival was reported 
at 90.4 and 80.0% respectively; however the 5- and 10-year overall survival in the study was 
83.2 and 64.4% [13].

2.6. Complications

Cryotherapy is relatively safe procedure with low risk profile. Percutaneous and laparo-
scopic cryotherapy have similar overall complication rates [14, 15]. As one might expect, the 
length of in hospital stay following percutaneous cryoablation is shorter when compared to 
laparoscopic cryoablation [15, 16]. A recent systematic review reported the overall rates of 
complications following cryoablation therapy range from 7.8 to 20%. Zargar and colleagues 
[17] found that complications rate for percutaneous cryoablation are lower than laparoscopic 
cryoablation (2.8–12.9% vs. 15–20% respectively). The incidence of major urological complica-
tions following cryotherapy is 4.9% (3.3–7.4%).

Post-operative haemorrhage is the common reported complication. Other reported compli-
cations are ureteric injury and obstruction, peri-renal abscess and haematuria. Other minor 
non-urological complications include pain and paraesthesia at the probe site, urinary tract 
infections and self-limited haematuria. Reintervention following cryoablation therapy is 
reported at 2.6%.

3. High temperature ablative techniques

Cancer cells are very sensitive to both very high and low temperature. Radiofrequency and 
microwave energies use the concept of high temperature (above 55°C). Thermal ablation 
causes denaturation of cellular proteins and vascular necrosis of tumour cells resulting in 
instantaneous cellular death.
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3.1. Radiofrequency ablation

3.1.1. Mode of action

Electric current passes through radiofrequency ablation (RFA) probe/electrode into tumour 
creating closed loop circuit with a generator and grounding pads. The current triggers disrup-
tion of intracellular ions and friction between molecules producing heat. The electromagnetic 
field generates high temperature typically above 55°C. The generated heat results in cytotoxic 
effect and instantaneous cell death occurring with temperature reaching 60°C [18].

3.1.2. Technique

Small renal masses (≤3 cm) can be treated with single cycle of RFA. However, larger tumours 
(up to 5 cm) might be suitable for treatment using overlapping cycles technique. RFA achieves 
excellent results in treating exophytic and endophytic tumours.

RFA is carried out under general anaesthetic or conscious sedation. Different types of RFA 
electrodes could be used including; single tip, multi-tined expandable electrodes, or a cluster 
tip electrode. RFA electrodes are inserted into the tumour under CT/MRI or ultrasound guid-
ance. Hydro-dissection can be used if the tumour is adjacent to bowel segment.

Once electrodes are positioned; a 12 min cycle is delivered. Some RFA systems use internal 
cooled electrodes to avoid adjacent tissue carbonization. This method might have an impact 
on heat distribution to distant area of the tumour and subsequently might affect the efficacy 
of treatment [19, 20].

3.2. Microwave ablation

3.2.1. Mode of action

Microwave ablation uses the same concept of thermal ablation as RFA technique. Thermal 
ablation results in coagulative necrosis of tumour cells. Microwave ablation uses different 
energy source. It produces an electromagnetic spectrum with frequency of 900–2450 MHz. 
The oscillating microwave field causes polarisation of molecules resulting in increased kinetic 
energy producing heat.

Microwave ablation has several advantages over radiofrequency ablation. It is possible to 
treat larger tumours without the need of overlapping treatments. Microwave ablation does 
not cause charring effect. Skin pads are not required during microwave ablation treatment; 
therefore the risk of skin burns is minimal.

3.2.2. Technique

Two microwave antennae are inserted under CT or ultrasound guidance. A fibre-optic thermal 
sensor inserted at the periphery of the tumour to provide continuous temperature monitoring. It is 
recommended to delivers 3 cycles achieving temperature of 60°C. Each cycle lasts for 20 min [21].
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3.3. Possible side effects of high thermal ablative techniques

• Heat sink effect: kidney is well perfused organ. this may result in unequal distribution of 
the heat particularly close to the larger vessels.

• Thermal injury to neighbouring structures such as bowels, ureter, genitofemoral nerve and 
psoas major muscle.

• Post-ablation syndrome: the syndrome is usually self-limiting. Patients might suffer 
symptoms of low-grade fever (37.5–38.5°C), delayed pain, nausea, vomiting, malaise, and 
myalgia.

• Haematuria and peri-nephric haematoma are usually self-limiting.

• Hyper adrenal crisis is very rare. This might be secondary to adrenal thermal injury.

• Skin burns (mainly with radio-frequency ablation).

• Calyceocutaneous fistulae.

• Infection and abscess formation.

• Acute tubular necrosis and decreases overall renal function [22].

3.4. Oncological efficacy

Few studies have evaluated the short and intermediate oncological outcomes. The technical 
success rate has been reported to be 95.5–98.5%. The average need for repeat treatment is 
thought to be around 3%. Small renal tumours (<3 cm) and exophytic location were indepen-
dent factors for successful treatment. The overall 5 year survival rate was reported between 
65–85% and cancer specific survival rate of 88–97.9% [23–25].

3.5. Monitoring and follow up

Most urological institutions recommend contrast enhanced CT scan at 3 months to evaluate 
treatment success. Follow-up CT scan is suggested every 6 months for the first 2 years. Annual 
CT scan is suggested thereafter for a period up to 7 years.

4. Investigational and experimental treatments

4.1. Laser interstitial thermal therapy (LITT)

This treatment modality is currently being evaluated for treatment of solid tumours including 
brain, pancreatic, breast, thyroid and prostate cancer. LITT utilizes image guided low voltage 
laser probes to deliver heat and destroy target tissue. Optical fibres are inserted directly to the 
target tissue. Laser light delivers heat that is converted to heat. The emitted light energy from 
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laser fibres is absorbed and converted to heat. This would result in thermal destruction of 
the cancer cells [26]. Neodymium: yttrium-aluminium-garnet (Nd:YAG) laser has been used 
to treat small renal tumours. All reports are based on small number of treated patients with 
short follow up [27, 28]. LITT remains an experimental treatment.

4.2. Extracorporeal high-intensity focused ultrasonography (HIFU)

The therapeutic use of the ultrasound to treat cancer was established in the 1970s. The mecha-
nism of HIFU involves mechanical and thermal effects. Some of the acoustic wave is con-
verted to heat once absorbed by the tissue. The thermal phenomenon causes cell death by 
coagulation necrosis once tissue temperature exceeded the 65°C. The mechanical effect causes 
micro-streaming, cavitation and radiation force [29].

HIFU offers completely trackless non-invasive ablative technology. Treatment session can 
be lengthy. Several studies reported incomplete treatment when renal tumours were excised 
following HIFU treatment. Skin burns were reported up to 10% of the patients. Respiratory 
movement and acoustic interference could impede on delivering treatment accurately. Other 
limitations to HIFU treatment include limited focal zone depth and inability to monitor 
treatment progression in real life [30–32]. Recent studies investigated the role of magnetic 
resonance-guided high intensity focused ultrasound. The results are promising, however it 
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Abstract

Robot purchase, implementation, and sustainability require a number of key challenges to 
overcome. We provide our experience of managing a potentially daunting task, summa-
rizing the key steps to help deliver such an exciting project. We will take you through team 
approach options for purchase and safe implementation in the current financial climate.

Keywords: robotics, financial planning, sustainability, patient safety, implementation, 
training

1. Introduction

Minimally invasive surgery has well-established advantages: shorter length of hospital stay, 
markedly reduced postoperative pain, fast return to preoperative state of activity, lowered 
postoperative ileus, and a preservation of immune function [1]. Importantly, laparoscopic 
urology has been superseded by the robot-assisted laparoscopic surgery [2]. The main rea-
sons for this significant change from pure laparoscopic urology to robot-assisted laparoscopy 
are mainly surgeon factors such as shorter learning curve and less surgeon fatigue [2]. In our 
opinion, the patient factors as described above are similar.

Importantly, robotic assistance allows all surgeons (open and minimally invasive) to perform 
advanced laparoscopic surgery. Dual video cameras provide an adjustable magnification 
within the surgical field, which is 3D. Robotic instruments allow 6 degrees of freedom of 
movement, which is similar to the human hand. Laparoscopic  instruments allow 4 degrees of 
freedom of movement. The robot removes surgeon tremor, by motion scaling, which allows 
incredible dexterity and precision during the surgery.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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Allowing robotic technologies into the operating room can provide significant advantages. 
For example, the robot can provide a precise translation of the surgeon hand movements, 
through the robotic instruments during the actual surgery. Importantly, the robot facilitates 
surgeons without advanced laparoscopic skills to perform complex surgeries with short/lim-
ited training. In addition, the robotic technology has increased the types of surgeries under-
taken. The endo-wristed tools with motion scaling (avoids tremor) and 3D zoomed operative 
fields promote the ability of the surgeon to undertake microdissection and intra-abdominal 
suturing with great accuracy [3].

The rapid rise of robotic technologies has allowed more complex reconstructive surgeries to 
be performed even in children [4]. Instruments such as 3–5 mm trocars have aided robotic sur-
gery in children. Importantly, single-port and multi-arm (non-central) platforms are becom-
ing commercially accessible.

As this advancement continues, the financial and clinical issues surrounding the employment 
of a robotic system within any hospital require planning. This planning starts from identify-
ing the finances (business planning) through to purchase, and identifying key members of 
the team who will provide training to the team as a whole and oversee clinical and financial 
governance of the system.

2. Clinical to hospital administration collaboration

Surgical outcomes are determined by high levels of competence of the team and optimal 
team working. Therefore, surgeons rely on the team. Robotic surgery is no exception, par-
ticularly as the surgeon works at a console and therefore relies on the team which includes 
the bedside assistant who performs important tasks at the patient bedside. Educating the 
robotic (or other) operating room team of nurses, anesthesia staff, and bedside assistant is 
crucial for patient outcome success. It is crucial that the team and team leader communicate 
with other staff and mentors to provide the support and guidance needed during the train-
ing stage.

Administrators and surgeons must work together to define the needs of the hospital, when 
developing a robotic programme. A surgeon with administrator can develop a programme 
which is often more patient-centric and deployable. Interestingly, robotic use can improve 
patient referrals, which is often the reason the administrators are supportive. The best situa-
tion is for the surgical teams and administrators to co-plan and co-deliver robotics within a 
hospital or strategic health partnership.

In a teaching hospital, teams generally work cohesively, allowing intellectual debate, par-
ticularly around new technologies such as robotics. They usually find funding through 
academic pathways or sizeable donors. This is important for training the next generation 
of surgeons, and improving our understanding of where robotic surgery can take us. As 
robotics develop in this way through research and resident training, these programmes 
can be delivered into more peripheral centres. Once this occurs, a close “hub-and-spoke” 
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relationship between the teaching centre and the peripheral hospital is important if the 
latter wishes to improve robotic programmes and assist with the financial planning of such 
programmes.

Business plan and timeline development require robust data collection, concerning busi-
ness planning. A reduction in length of stay with faster recovery has cost benefits as well 
as an increase in patient volume from increased referrals. Part of this calculation will 
of course be the recurring costs (disposables, instruments, maintenance) of robotics in 
addition to the capital outlay. As with any negotiation, one should show non-clinical 
administrators that robotics will benefit patient care and improve hospital income, plus 
reputation.

3. Financial implications

Currently, the average cost of the da Vinci robotic system is $1.4–1.9 million, and the annual 
maintenance is approximately $240,000. Link et al. [5] suggest an increase in robotic surgery 
volume which can counter for the depreciation and maintenance costs. They showed that 
robotic pyeloplasty (RLP) is more expensive than laparoscopic pyeloplasty, if performed by 
a surgeon competent in intracorporeal suturing. The study also concluded that the combined 
longer operative time and substantial expense for robot depreciation and consumables made 
RLP a much more expensive procedure (2.7 times more than laparoscopic pyeloplasty). 
Importantly, increasing the number of robotic procedures can neutralize the cost imbalance, 
such as performing 10 robotic prostate surgeries per week (cost neutral compared to open 
prostate surgery) [6].

These debates are important to be aware of, but the main issues are the steep learning curve for 
the average surgeon using pure laparoscopy and thus greater risk to the patient. The robotic 
platform offers a truncated learning curve, and therefore the financial burden becomes more 
acceptable. A further point is that, as the robotic surgeons gain more experience, the robotic 

Figure 1. Robotic Urology Surgery Training Centre Accreditation (European) and Royal College of Surgeons of England.
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relationship between the teaching centre and the peripheral hospital is important if the 
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Figure 1. Robotic Urology Surgery Training Centre Accreditation (European) and Royal College of Surgeons of England.
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operative times diminish considerably and in many institutions may be quicker than the 
equivalent operation performed laparoscopically. The economic arguments are not therefore 
constant or static but an ever-changing field.

Importantly, once the hospital has agreed that a budget is available and a sensible financial 
plan is in place, the early adopters of the robotic technology need to be identified and offered 
a curriculum-based training programme [7] (Figure 1).

4. Robotic surgeon training

Robot-assisted surgery is rapidly gaining popularity among urologists and is becoming 
subspecialised. Generally the three main categories that need fellowship or hands-on train-
ing are prostatectomy, partial nephrectomy, and radical cystectomy. It is not acceptable to 
begin robotic surgery without the appropriate training [7]. Currently, robot-assisted radi-
cal prostatectomy is the most commonly performed robotic procedure worldwide. There 
is mounting evidence that the robot assistance provides significant benefits to the patient 
and surgeon, especially shortening operating time and surgeon fatigue [2]. There has been a 
major shift of treatment of prostate cancer by surgery in wealthier countries from open to a 
laparoscopic approach, and now robotic. A modern comparison is with radical nephrectomy 
in the 1990s.

The learning curve to deliver laparoscopic radical prostatectomy (LRP) is estimated at 40–60 
cases with skilled surgeons and 80–100 cases, with inexperienced surgeons. The robot short-
ens the prostatectomy learning curve for all surgeons, particularly experienced open prosta-
tectomists. Interestingly, a surgeon skilled in open surgery was able to transfer his open skills 
to robotic surgery in 8–12 cases [8]. However, currently we recommend fellowship training 
such as the ERUS-approved programmes (Figure 1).

A fellowship-trained laparoscopic surgeon has a similar, short learning curve for robotic 
prostatectomy compared to an experienced open surgeon. The data showed a safe and repro-
ducible surgery, interestingly even during the learning curve. Importantly, the outcomes 
were the same for early robotic surgery and a large cohort of open prostate surgery [8]. There 
was an emphasis on having a good mentor, experienced in robotics being present during the 
initiation of the programme.

5. Animal model and training

Animal model training in robotics, prior to human application, is effective. Most of all robotic 
surgeries were initially tested in an animal model. Sung et al. [9] in 1995 performed a porcine 
robotic pyeloplasty. As the learning curve associated with surgical robotic use is unknown, 
a safe and modular training programme in an animal model would result in measurable 
improvement in robotic surgical skills.
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Robotic (ZEUS; Computer Motion) and laparoscopic instrument learning curves were compared 
within inanimate models and showed a greater learning curve with robotics [10]. Another ani-
mal study showed that multiple surgical disciplines in a “near hospital operating room” envi-
ronment with same-member healthcare teams improved their average set-up times by 30%, each 
time they prepared the robot [11]. In addition, the console operators improved their operation 
times by over 20% each time they practiced. They showed that in-house training saved them sig-
nificant monies (approximately $52,895) and improved operative and set-up times by 40–50%.

6. Training the robotic surgical team

Curiosity and commitment to robotics are helpful when motivating a team. However, it helps 
to have the support and enthusiasm of your hospital, including the management through 
your clinical colleagues and team leaders (Figure 2).

The primary group to get on board are the surgeons committed to robotics. Importantly, 
robotic surgery programmes develop purposefully and often slowly. Each step requires audit 
cycles, critically analysing the robotic team performance and not simply the surgeon. Team 
leaders in the operating room should be empowered to feedback performance values at each 
step of the process for safe and effective outcomes. Once the team engages in this process, it 
is the most rewarding experience.

Training within a team is an early and crucial step. Using a standard learning tool such as an 
objective-based curriculum, which is visual and live, allows for the best results. This should 
allow foundation building from experiences, in a stepwise manner (modular). For the more 
specialized team member requiring understanding of specific operative nuances, a more spe-
cialized skill set is needed [12].

The generic robotic team should begin the process by understanding the set-up, draping, and 
both electrical and mechanical troubleshooting. These basic steps would suffice to then return 

Figure 2. A happy and supportive robotic team is essential!
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to the host hospital and apply the knowledge to the local robot surgery. Most teams learn the 
advanced objectives in their host institution.

Training programmes are now cross-specialty [13], with real surgery observation, didactic 
sessions, video-based modular training, dry laboratories, and cadaveric training access [14].

Non-technical skills are vitally important to develop as part of the team training programme 
[15]. These human factors are crucial to running a seamless patient journey through a robotic-
assisted surgery (or any other surgery).

7. Resident training

While surgical educators in resident training centres in which robotic surgery has been 
adopted are still charged with the responsibility of teaching residents the surgical man-
agement (see Figure 3a and b), they now face a new challenge in how to teach a resident 
to assist at and perform a surgery when not physically standing at the operating room 
table [16].

Figure 3. Resident training. (a) Console training for the robot; (b) Patient-side robotic raining.
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Trainee surgeons believe that robotic training is necessary to their future [17], although we 
know that all will not be robotic surgeons in the current climate. Interesting issues are raised 
when these trainees only work in robotic centres, where they are only exposed to robotic 
surgery, effectively missing the opportunities to undertake open surgery.

The robot is a relatively easy tool to use, but the resident will still need the trainer and oper-
ating room team to support training, particularly with time pressures in a busy operating 
room. Incorporating training within the training programme is a significant challenge. The  
aim should be to train the doctor without lowering the standard of patient outcome. Robotics 
lends itself to this objective, with stepwise training and short learning curves. Currently, surgi-
cal training simulators are being used for teaching, but they only allow initial training [18, 19]. 
Newer, dual-console robots (dual control) allow the teacher a level of comfort while teaching, 
but without this there are a number of important teaching processes to assure safety, includ-
ing combining virtual, augmented training with modular training. It is therefore essential that 
robotic surgical educators have a comfort level both with performing the surgical procedure 
and communicating with the assistant to teach the procedure [12, 20] (see Figure 4).

Sachdeva et al. [21] summarized three steps involved in trying to train with novel technolo-
gies: (i) perceptual awareness, incorporating cognitive understanding of the surgery and 
visualizing the surgery; (ii) guided learning, in a modular fashion, with immediate mentor 
feedback, in order to learn correctly; and (iii) autonomous refinement of learning, in which 

Figure 4. Planning and training presurgery.
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precision and efficiency are improved. These steps are logical to any expert trainer, and they 
are incorporated in the ERUS host robotic training centre curriculum, which are based on 
modular training [22] (Tables 1 and 2).

At present, laboratory-based experience is available for training with the da Vinci Surgical 
System’s inanimate, cadaveric, or animate models [23]. Beyond the point of training labo-
ratories, residents are able to be fellowship train, under supervision by experts within real 
operating rooms, with the consent of the patients.

The ongoing issue about where robotic surgical training should be deployed (e.g. post-
basic training or postgraduate training) continues among robotic trainers around the world. 
However, surgery in general is becoming more subspecialist, and therefore not all trainee 
doctors need robotic training.

In our opinion, placing robot-assisted surgery as a category like its predecessor, laparoscopy, 
is not appropriate. The robot is a facilitating tool, for treating a disease. It would be sensible 
to train surgeons in robotics as part of specializing in a disease process. The difficulty arises 
when surgery is superseded by the next iteration of treatments.

Modified from Ref. [22].

Table 1. Modular steps for RARP.
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Step Module Description Competency Sign off

1a I Transperitoneal access—trocar 
placement, incision of ventral 
peritoneum, and dissection of 
Retzius space

Level

Date

1b II Extraperitoneal access—trocar 
placement and dissection of 
preperitoneal space

Level

Date

2 I Set-up of da Vinci robot Level

Date

3 III Pelvic lymphadenectomy Level

Date

4 I Incision of endopelvic 
fascia and dissection of 
puboprostatic ligaments

Level

Date

5 II Anterior and lateral bladder 
neck dissection

Level

Date

6 III Posterior bladder neck 
dissection

Level

Date

7 I Dissection and division of vas 
deferens

Level

Date

8 III Dissection of seminal vesicles Level

Date

9 III Incision/dissection of posterior 
Denonvillier’s fascia and 
mobilization of prostate from 
the rectum

Level

Date

10a III Dissection of prostatic pedicles 
(non-nerve spare)

Level

Date

10b V Dissection of prostatic pedicles 
(nerve spare)

Level

Date

11 II DVC ligation Level

Date

12 IV Apical dissection Level

Date

13a III Rocco stitch Level

Date
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8. Conclusion

Robotic Renal Surgery can be safely adopted and implemented in modern day clinical prac-
tice using a team based approach.
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ciplinary approach is critical. We emphasise certain tips inperforming a safer procedure.
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1. Anatomy

Specific anatomical consideration needs to be given to the hilar and tumour anatomy. In par-
ticular this includes reviewing the size, location within the kidney, and the degree of the 
exophytic nature of the tumour, in robotic-assisted partial nephrectomy. A thorough pre-
operative review of the cross-sectional imaging and patient factors needs to be considered in 
a multi-disciplinary setting. Each hospital uses their own CT protocol, however we perform 
a pre-contrast and post contrast nephrogenic phase to assess renal mass enhancement. An 
arterial and delayed excretory phase may also be added for surgical planning. These phases 
clarify the presence of variant anatomy including feeding vessels to the tumour or accessory 
renal veins. It also helps demarcate the distance of the tumour from the renal hilum and the 
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collecting system [1]. The anatomical relations play an important role, particularly in hilar 
dissection, including the presence of the head of the pancreas and part of the duodenum 
overlying the right renal hilum. The left hilum is in close proximity to the body and tail of the 
pancreas, with the left colonic flexure bordering the left kidney anteriorly. In nearly 30% of 
cases more than one renal artery is identified supplying a kidney, often on the right side [2]. 
The renal arteries run posteriorly from the aorta to the kidneys, due to the orientation of the 
renal hilum. The arteries split into four anterior and one posterior segmental branches at the 
renal hilum [3]. The renal arteries sit in the middle at the hilum, with the renal veins anteriorly 
and the ureters/collecting systems posterior to the artery [4]. Multiple variants in renal artery 
anatomy have been reported in the literature, thereby highlighting the close attention war-
ranted during the review of preoperative imaging [3, 5].

2. Introduction

We use a standardised four robotic arm technique using the for renal surgery the Da Vinci Si 
Surgical system (Intuitive Surgical Inc., Sunnyvale, CA, USA). Suitable training must be achieved 
to acquire appropriate robotic skills before performing complex renal surgery. We recommend 
a modular training programme in keeping with European and British board standards [6, 7].

Ensuring that the early stages of the learning curve are supervised with a mentor is essential 
to reduce errors and aid development of confidence in robotic skills. Evidence on learning 
curves vary in robotic-assisted partial nephrectomy (RAPN), with a study reporting 44 case 
requirement by a laparoscopically trained surgeon, to achieve a warm ischaemia time (WIT) 
of less than 20 min and an operative time of less than 120 min [8]. An alternative report by 
another centre identified needing to perform 61–90 cases to reach a trifecta of no significant 
complications, negative surgical margins and WIT of less than 25 min [9]. Needless to say 
learning curves can be improved with better training techniques, volume and exposure 
[10]. WIT was found to decrease to 13 from 20 min, following performing 150 RAPN cases 
compared to the first 10 cases [11]. Robotic trainees under expert supervision were found 
to have longer operating and warm ischaemia time, but otherwise no worse outcomes than 
experts performing robotic partial nephrectomies [12]. In addition the patient-side assistant 
should be appropriately skilled in handling instruments safely and deploying ligature clips. 
All cases should be subjected to nephrometry scoring (PADUA and RENAL) and a thorough 
imaging review preoperatively to predict operative complexities and postoperative com-
plications [13–16]. We incorporate the PADUA score due to its standardised use across the 
national nephrectomy register, collected by the British Association of Urological Surgeons.

3. Patient positioning

The authors recommend this operative approach, based on the available disseminated 
techniques and preference in their experience and training [17–24]. In order to perform a 
robotic-assisted partial nephrectomy, the patient is positioned in a lateral decubitus/flank 
position (Figure 1) on the operative table to aid bowel mobilisation [24]. The operative table 
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is subsequently broken/flexed. This opens the flank, between the costal margin and the iliac 
crest. A reported variation may include a slight Trendelenburg position and a flat table [23]. 
The anterior abdomen lies on the edge of the operative table. The upper arm is flexed at the 
elbow and kept adjacent to the face [21]. We prefer adhesive tape to secure the patient to the 
bed, at the level of the iliac crest [23]. Additional adhesive tape used at the level of the mid tho-
racic cavity should be applied with caution to avoid reduced chest expansion, in the context of 
ventilation. The back can be stabilised using an additional back support attachment with gel 
pads. The bottom leg in the lateral position is flexed to 90° at the knee, and is separated from 
the extended top leg using pillows. All pressure points are padded [23]. A nasogastric tube 
(NGT) is placed in left sided tumours and a urinary catheter is inserted following anaesthetic 
induction for all cases, and prior to patient positioning [21]. The NGT is removed in recovery.

3.1. Tips and tricks

• A consistent surgical team who develop skills progressively with the surgeon, specifically 
for renal surgery is essential for optimal outcomes. Robotic renal surgery is approached 
differently from pelvic surgery and cannot instantly be translated.

• It is vital that your anaesthetic staff is experienced with patient positioning and moving for 
robotic renal surgery.

A uniform anaesthetic team will also lead to better pain control in the post-operative phase 
and consistently enhanced results particularly during the critical on-clamp (WIT) period of 
partial nephrectomy.

Figure 1. Full flank patient positioning for left RAPN. Note port site marking made prior to knife to skin.
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4. Port placement

Precise port placement and patient cart position are important for successful outcomes in 
robotic renal surgery. Unlike in pelvic surgery, the operative field is wider increasing the 
potential for robot arms to clash. With some basic principles, success can be replicated case 
after case. As with radical prostatectomy, the ports must be placed with a minimum 8 cm dis-
tance apart. However, with different laterality of renal surgery, an additional consideration 
is placing arm 3 of the patient cart. In the case of right sided renal tumours, arm 3 should be 
positioned on the left of the cart stem. The reverse is true for left renal surgery.

We recommend marking the skin to plan port positioning. Formation of a skewed cross or 
upside-down kite shape should be made with the camera port forming the apex. However 
the reference point should be the subcostal port, as it offers least flexibility in positioning. The 
camera port, target organ and patient cart should form a straight line, thereby creating ade-
quate triangulation for safe operating. The contralateral operating port will form a horizontal 
line to the subcostal port, with the camera port bisecting this line in the middle (Figure 2).  

Figure 2. Port site marking for a right RAPN.
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This should give adequate room for the 4th robotic arm port, which will then complete the kite 
or cross shape, placed laterally roughly in the anterior axillary line. It is possible that arm 1 
(when operating on the right kidney) can hold the ProGrasp™ forceps, rather than arm 3. The 
robot is then manipulated to dock over the patient’s upper shoulder at an angle of 45 degrees 
to the kidney.

4.1. Tips and tricks

• Use of the bariatric ports can be beneficial to achieve greater distance between the robot 
arms, particularly in smaller patients. This will reduce the potential for robot arm clashing.

• Should the arms clash, then ‘burping’ the ports away from each other can create additional 
room and potentially avoid restricted movement of the instruments, which can severely 
limit surgical progress. The ports placed under traction, tents the abdominal wall exter-
nally, increasing intra-abdominal space to work in [25].

5. Surgical technique

Evidence from a meta-analysis reveals similar surgical outcomes and complications between 
transperitoneal and retroperitoneal robot-assisted partial nephrectomies. The retroperito-
neal approach may have a specific role in selected cases including posterior tumours and in 
patients with pervious significant transperitoneal surgery. Absence of the need to mobilise 
bowel and easy access to the hilar vessels, leads to a shorter operative time [26]. However, the 
choice between retroperitoneal or transperitoneal approach lies based on surgeon’s expertise 
and patient factors [17].

We recommend a trans-peritoneal approach, particularly in the early phase of the learning 
curve. This will ensure that adjacent structures can be adequately mobilised away from the 
kidney. In addition, operative space is optimised when within the peritoneum. This will 
avoid injury to sensitive structures such as the duodenum on the right and the spleen; tail 
of the pancreas and duodeno-jejunal junction on the left. The authors recommend using a 0° 
camera lens in the early learning curve period, unless experienced in 30° downward scope 
lens from laparoscopic surgery [23]. Use of 30° downward lens has a role in the later stages 
of dissecting posterior tumours [24]. A pneumoperitoneum of 10–12 mmHg is established. In 
almost all cases the kidney can be adequately mobilised to expose renal masses to perform a 
partial nephrectomy successfully in the trans-peritoneal approach. However, some surgeons 
transferring from retroperitoneal laparoscopic surgery may feel suitably experienced in trans-
lating skills to perform retroperitoneal robotic surgery. Guides are available on performing 
retroperitoneal RAPN [27, 28].

A wide array of instruments and preferences exist in performing a RAPN. The authors perform 
the procedure with the surgeon holding the EndoWrist® Fenestrated Bipolar Forceps and the 
EndoWrist® Hot Shears™ monopolar curved scissors in the non-dominant and dominant 
hand robotic ports respectively. Sharp dissection is performed along the white line of Toldt. 
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curve. This will ensure that adjacent structures can be adequately mobilised away from the 
kidney. In addition, operative space is optimised when within the peritoneum. This will 
avoid injury to sensitive structures such as the duodenum on the right and the spleen; tail 
of the pancreas and duodeno-jejunal junction on the left. The authors recommend using a 0° 
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Sharp and blunt dissection is used to reflect the large bowel off the anterior surface of Gerota’ 
fascia [24]. Dissection is directed to the inferior border of Gerota’s fascia in order to locate 
the ureter. Release of attachments from adjacent structures including liver or spleen may be 
performed to characterise the planes clearly. The psoas major muscle is used as a landmark to 
help identify the ureter, similar to a laparoscopic approach. The ureter is then dissected crani-
ally to identify the renal hilum [23]. Specific care should be taken to control, or avoid injury 
to the gonadal vessels. The additional robotic arm, holding the ProGrasp™ forceps can now 
be deployed to retract the kidney laterally, thereby creating space to dissect the hilum safely 
away from sensitive medial structures (such as the duodenum or inferior vena cava). The 
Force Bipolar™ is a new instrument which combines the ProGrasp™ grasping qualities with 
bipolar diathermy and may be incorporated instead for efficiency.  In right sided tumours, 
the hilum can be approached from a cranial to caudal direction, enabling earlier access to the 
renal artery. The Inferior Vena Cava just below the liver can be easily identified and followed 
caudally to reach the renal pedicle in right sided tumours.

Hilar dissection requires sensitive movements to adequately expose all renal vessels (one at 
a time) to allow for application of clamps later in the operation. This enables precise control 
in case of unexpected haemorrhage. We recommend clamping the main renal artery early 
in the learning curve, rather than attempting to selectively clamp more distal segmental 
branches. Near-infrared fluorescence imaging system with indocyanine green is an available 
technology allowing identification of intraoperative parenchymal perfusion, thereby enabling 
selective vessel clamping for limiting ischaemia to the tumour alone. It has been shown to 
improve early functional outcomes, with better preservation of glomerular filtration rate of 
the resected kidney on renal scan with Tc 99 m-DTPA [29]. Once the main artery is exposed, a 
short sling can be placed and held in place by a suitable arterial clip (to the rubber sling ends 
alone), we use a Weck® Hem-o-lok® ligating clip.

At this stage exposure of the renal tumour proceeds by incising Gerota’s fascia and ‘defatting’ 
the kidney adequately, preferably along the renal capsular plane. This will enable adequate 
exposure of the renal tumour and mobilise the kidney to achieve a wide surgical field to 
perform the excision. The drop-in ultrasound probe is introduced and manipulated by the 
surgeon using the ProGrasp™ forceps to distinguish tumour margins [17]. The tumour is 
marked superficially on the renal capsule with the Hot Shears™ curved monopolar diathermy 
scissors, leaving a 5 mm margin for oncological outcomes.

All accessory equipment is introduced through the assistant port, including the arterial 
clamps. Two absorbable monofilament sutures such as Poliglecaprone, e.g. Monocryl® 3–0 
and two absorbable braided sutures such as Polyglactin, e.g. 0-Vicryl®, cut to size are strategi-
cally positioned in the abdomen for easy access during renorrhaphy.

At this stage a brief ‘time-out’ ensures that the surgeon and the surgical team are aware of 
the ensuing critical element of the operation—sometimes known as ‘on-clamp time’. This 
provides ample opportunity to ensure that there is adequate insufflation gas in the tanks, 
that additional sutures are readily available and that the anaesthetist is prepared for potential 
haemorrhage. At this stage it is recommended to re-review the CT images to ensure that the 
shape of the renal mass can be translated to the operative field. The authors do not recommend 
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the usage of Mannitol in view of its limited evidence in minimising loss of renal function post 
operatively in humans [30].

To minimise the dangers associated with, the next step is performed after unanimous readi-
ness of the theatre staff. A Scanlan® Reliance Bulldog Clamp (Scanlan® International, St. 
Paul, MN, USA) is applied to the renal artery, in selected cases this is followed by another on 
the renal vein [23]. Satinsky clamp is an option in the rare difficult dissections when bleeding 
from the renal pedicle impairs ability to clamp the vessels with a bulldog clamp [31]. The 
clamping marks the triggering of a stopwatch, to measure warm ischaemic time.

The tumour is excised with consideration of surgical margins, with the assistant surgeon 
ensuring the field is adequately exposed by suctioning away blood. The sliding-clip renor-
rhaphy principle is applied to close the renal defect, in multiple layers. The deep layer of the 
renorrhaphy is performed with the poliglecaprone 3–0 suture, with a Weck® Hem-o-lok® 
ligating clip already attached at one end. A continuous suture runs through the base of the 
defect closing any open collecting system and small vessels. If arterial bleeds are detected 
these can be closed individually with additional monofilament sutures to ensure meticulous 
haemostasis. Once the continuous running poliglecaprone suture is applied, a Hem-o-lok® 
clip is applied to the needle end. Traction is applied to the needle end to snug the clip down 
against the renal capsule, bringing the renal defect together. Larger defects will require mul-
tiple sutures. We use an early ‘off-clamp’ technique after the deep sliding-clip renorraphy 
is complete, in the order of release of renal vein, followed by the artery, where the vein has 
been clamped. This reduces the warm ischaemic time. We do not use a bolster. At this stage 
haemostasis is adequate to complete the superficial sliding-clip renorrhaphy suture with a 
large polyglactin suture. In this layer, clips are applied at every throw through the renal cap-
sule to further close the defect. A second locking clip can be applied above every previous 
clip on the sliding suture to prevent slipping. Use of adjuncts to haemostasis is not essential 
but may provide added security and further minimise blood loss. This may be in the form of 
Floseal®, Surgicel® or Evicel®. The hilum and excision site are carefully inspected following 
this step, to ensure haemostasis is achieved. We recommend closing Gerota’s fascia, which 
may minimise difficulty in future renal surgery from scarring [24]. An intra-abdominal drain 
is inserted through the lateral port. The specimen is removed using an endocatch pouch, 
inserted through the assistant’s port.

5.1. Tips and tricks

• A ‘time-out’ is taken to assess the tumour excision, the associated renal defect and the plan 
for renorraphy prior to the on-clamp time, will in our experience lead to better planning 
and a potentially safer procedure.

• Use of intraoperative doppler ultrasound is widely recommended for use in partial 
nephrectomy.

• Plan your incision on the Gerota’s fascia carefully will help with closure after. Practice 
often on simulators to ensure that your suturing skills are adequate to perform renorrha-
phy under the pressure of limited time, whilst the clamp clock is ticking.
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the usage of Mannitol in view of its limited evidence in minimising loss of renal function post 
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clip on the sliding suture to prevent slipping. Use of adjuncts to haemostasis is not essential 
but may provide added security and further minimise blood loss. This may be in the form of 
Floseal®, Surgicel® or Evicel®. The hilum and excision site are carefully inspected following 
this step, to ensure haemostasis is achieved. We recommend closing Gerota’s fascia, which 
may minimise difficulty in future renal surgery from scarring [24]. An intra-abdominal drain 
is inserted through the lateral port. The specimen is removed using an endocatch pouch, 
inserted through the assistant’s port.

5.1. Tips and tricks

• A ‘time-out’ is taken to assess the tumour excision, the associated renal defect and the plan 
for renorraphy prior to the on-clamp time, will in our experience lead to better planning 
and a potentially safer procedure.

• Use of intraoperative doppler ultrasound is widely recommended for use in partial 
nephrectomy.

• Plan your incision on the Gerota’s fascia carefully will help with closure after. Practice 
often on simulators to ensure that your suturing skills are adequate to perform renorrha-
phy under the pressure of limited time, whilst the clamp clock is ticking.
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• An apron of Perinephric fat can be placed behind the posterior surface of the kidney, to 
anteriorly displace the kidney. This improves access to posterior and lateral tumours. If 
there is inadequate Perinephric fat, tonsil swabs can be placed instead.

This is our summarised technique that is performed in our practice, which can be adopted by 
departments interested in developing a robotic partial nephrectomy service.

6. Indication and guidelines

Both EAU and AUA guidelines advise minimally invasive surgery if possible, however advise 
caution if perioperative, oncological or functional outcomes are at risk of compromise [32, 33]. 
In fact, EAU recommend partial nephrectomy over radical in patients with T1 tumours, even 
if an open approach is warranted. Any approach for PN is valid based on the surgeons skill 
and preference.

The EAU advise that despite the similar cancer specific survival and recurrence free survival 
for pT1 tumours in the comparison of partial versus radical nephrectomy; partial nephrec-
tomy is still the ideal treatment in view of minimising impairment to renal function and pre-
venting metabolic and cardiovascular disorders in the long term. Retrospective studies have 
revealed no difference in long term overall and cancer specific survival between laparoscopic 
and open partial nephrectomies [34, 35].

Prospective comparison of robotic-assisted versus open partial nephrectomy found significant 
improvement in estimated blood loss and length of stay in the cohort undergoing RAPN. Early 
and short term complications, operative time and warm ischaemia time were similar between 
both approaches [36]. Robotic-assisted surgery was found be superior to laparoscopic PN 
with regards to conversion to open, conversion to radical nephrectomy, warm ischaemia time 
and length of stay. This meta-analysis of 23 studies also concluded no difference in short term 
postoperative complications, operative time, estimated blood loss and positive margins [37].

7. Future developments

We describe a few developing technologies which may be of interest to urologists.

Reconstruction and navigation technology appears to have an emerging role in both preoper-
ative and intraoperative planning and operative assistance. A diverse group of 108 urologists 
of various training experience changed their views to feel an RAPN over a radical nephrec-
tomy was indicated from 47–75% of the 20 complex cases reviewed following a re-review of 
the CT scan with three dimensional reconstruction of the renal units [38].

Hyperaccuracy three dimensional (HA3D) is an emerging technology allowing three dimen-
sional reconstructions, enabling virtual mapping of the in-vivo structures with the reconstructed 
model during the partial nephrectomy. A small sample sized study in complex renal tumours 
(PADUA >10), using this HA3D technology enabled intraoperative management of the pedicle 
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as preoperatively planned in 90% of the cases [39]. The accuracy of the arterial reconstruction 
enabled preoperative simulation of vascular ischaemia by selective clamping. This enabled 
reduction of global ischaemia from 81–24% with the use of the HA3D technology [39].

Near-infrared fluorescence (NIRF) technology using an intravenous contrast medium (e.g. 
Indocyanine green) enables identification of the segmental vessels perfusing the renal tumour, 
by switching between white light and fluorescence enhanced views intraoperatively [40]. 
NIRF RAPN has been found to have a lower loss in renal scan confirmed renal function in the 
operated unit and a lower reduction in Glomerular Filtration Rate (GFR of 8%)compared to 
standard RAPN without selective vessel clamping. In three of the 15 NIRF RAPN cases, selec-
tive clamping was converted to standard clamping as incomplete ischaemia of the tumour 
was identified. This demonstrates NIFRs growing benefit over non-NIFR selective clamping.

Urologists participating in a study on 3D (Three Dimensional) printed models of the kid-
ney, favoured its use in preoperative planning, patient counselling and surgical training 
[41]. The authors report maximal benefit of these models in patients with complex renal 
vasculature [42].

8. Conclusion

Our technique offers a standardised approach to aspiring urologists in performing robotic-
assisted partial nephrectomies. We expect urologists to have the appropriate level of training 
and supervision prior to performing this procedure. We highlight a variety of tips and tricks 
that have benefitted our team in performing safer and easier surgery. We describe the stance 
of guidelines of robotic surgery in partial nephrectomies. We highlight emerging technologies 
which may become incorporated into the future practice of robotic surgery.
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anteriorly displace the kidney. This improves access to posterior and lateral tumours. If 
there is inadequate Perinephric fat, tonsil swabs can be placed instead.

This is our summarised technique that is performed in our practice, which can be adopted by 
departments interested in developing a robotic partial nephrectomy service.

6. Indication and guidelines

Both EAU and AUA guidelines advise minimally invasive surgery if possible, however advise 
caution if perioperative, oncological or functional outcomes are at risk of compromise [32, 33]. 
In fact, EAU recommend partial nephrectomy over radical in patients with T1 tumours, even 
if an open approach is warranted. Any approach for PN is valid based on the surgeons skill 
and preference.

The EAU advise that despite the similar cancer specific survival and recurrence free survival 
for pT1 tumours in the comparison of partial versus radical nephrectomy; partial nephrec-
tomy is still the ideal treatment in view of minimising impairment to renal function and pre-
venting metabolic and cardiovascular disorders in the long term. Retrospective studies have 
revealed no difference in long term overall and cancer specific survival between laparoscopic 
and open partial nephrectomies [34, 35].

Prospective comparison of robotic-assisted versus open partial nephrectomy found significant 
improvement in estimated blood loss and length of stay in the cohort undergoing RAPN. Early 
and short term complications, operative time and warm ischaemia time were similar between 
both approaches [36]. Robotic-assisted surgery was found be superior to laparoscopic PN 
with regards to conversion to open, conversion to radical nephrectomy, warm ischaemia time 
and length of stay. This meta-analysis of 23 studies also concluded no difference in short term 
postoperative complications, operative time, estimated blood loss and positive margins [37].

7. Future developments

We describe a few developing technologies which may be of interest to urologists.

Reconstruction and navigation technology appears to have an emerging role in both preoper-
ative and intraoperative planning and operative assistance. A diverse group of 108 urologists 
of various training experience changed their views to feel an RAPN over a radical nephrec-
tomy was indicated from 47–75% of the 20 complex cases reviewed following a re-review of 
the CT scan with three dimensional reconstruction of the renal units [38].

Hyperaccuracy three dimensional (HA3D) is an emerging technology allowing three dimen-
sional reconstructions, enabling virtual mapping of the in-vivo structures with the reconstructed 
model during the partial nephrectomy. A small sample sized study in complex renal tumours 
(PADUA >10), using this HA3D technology enabled intraoperative management of the pedicle 
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as preoperatively planned in 90% of the cases [39]. The accuracy of the arterial reconstruction 
enabled preoperative simulation of vascular ischaemia by selective clamping. This enabled 
reduction of global ischaemia from 81–24% with the use of the HA3D technology [39].

Near-infrared fluorescence (NIRF) technology using an intravenous contrast medium (e.g. 
Indocyanine green) enables identification of the segmental vessels perfusing the renal tumour, 
by switching between white light and fluorescence enhanced views intraoperatively [40]. 
NIRF RAPN has been found to have a lower loss in renal scan confirmed renal function in the 
operated unit and a lower reduction in Glomerular Filtration Rate (GFR of 8%)compared to 
standard RAPN without selective vessel clamping. In three of the 15 NIRF RAPN cases, selec-
tive clamping was converted to standard clamping as incomplete ischaemia of the tumour 
was identified. This demonstrates NIFRs growing benefit over non-NIFR selective clamping.

Urologists participating in a study on 3D (Three Dimensional) printed models of the kid-
ney, favoured its use in preoperative planning, patient counselling and surgical training 
[41]. The authors report maximal benefit of these models in patients with complex renal 
vasculature [42].

8. Conclusion

Our technique offers a standardised approach to aspiring urologists in performing robotic-
assisted partial nephrectomies. We expect urologists to have the appropriate level of training 
and supervision prior to performing this procedure. We highlight a variety of tips and tricks 
that have benefitted our team in performing safer and easier surgery. We describe the stance 
of guidelines of robotic surgery in partial nephrectomies. We highlight emerging technologies 
which may become incorporated into the future practice of robotic surgery.
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