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CHAPTER 2

A decade of pharmacogenomics research on tyrosine kinase inhibitors
in metastatic renal cell cancer: a systematic review

Diekstra MH, Swen JJ, Gelderblom H, Guchelaar H-J.
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ABSTRACT

Objective The individual response to targeted tyrosine kinase inhibitors (TKIs) in the
treatment of metastatic renal cell cancer (mRCC) is highly variable. Outlined in this
article are findings on potential biomarkers for TKI treatment outcome in mRCC and an
evaluation of the status of clinical implementation.

Methods Articles were selected by two independent reviewers using a systematic search
in five medical databases on renal cell carcinoma, TKls, and pharmacogenetics.

Results Many researchers have focused on predictive biomarkers for treatment outcome
of targeted therapies in mRCC patients. Attempts to explain differences in efficacy and
toxicity of TKIs by use of genetic variants in genes related to the pharmacokinetics and
pharmacodynamics of the drug have been successful.

Conclusion Most findings on potential biomarkers have not been validated and therefore
biomarker testing to guide choice of therapy and dose in mRCC is not yet feasible.
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INTRODUCTION

Using pharmacogenomics in our endeavor to personalize mRCC
treatment

Renal cell cancer (RCC) represents ~3% of cancer in adults (approximately 170,000 people
worldwide peryear). RCC typically occurs in adults aged 50-70 years and is more common
in men than in women. For many years, cytokine therapies (interleukin-2 and interferon-
alpha) were the only available treatment options with limited efficacy and considerable
toxicity.™ In the last decade, multiple targeted agents for the treatment of metastatic
RCC (mRCC) have become available, namely: the multitargeted oral tyrosine kinase
inhibitors (TKls) with antiangiogenic activity. Of the first generation TKls, sorafenib was
approved for the treatment of mRCC in 2005, followed by sunitinib (2006) and pazopanib
(2009). The first-generation TKIs target the vascular endothelial growth factor (VEGF)
pathway by inhibition of the vascular endothelial growth factor receptors (VEGFR-1, 2,
and 3) but also inhibit many other targets. Sorafenib, sunitinib, and pazopanib all target
the platelet-derived growth factor receptor (PDGFR) a and/or B and the c-Kit protein
(c-Kit). Additionally, sunitinib and sorafenib inhibit FMS-like tyrosine kinase 3 (Flt-3) and
glial cell line-derived neurotrophic factor receptor (REarranged during Transfection)
tyrosine kinases. Furthermore, sunitinib inhibits colony-stimulating factor 1 receptor,
and sorafenib specifically inhibits the RAF kinases (C-RAF and B-RAF).>¢

Starting 2012, the second-generation TKls emerged with an improved potency and
selectivity, such as axitinib. Many of these second-generation TKls were assessed for
the treatment of mRCC, such as tivozanib, cediranib, and cabozantinib.>>7# Axitinib
predominantly blocks the VEGF receptors, with a 50-450 times higher potency than
the first-generation TKIs and less off-target activity, which could explain the larger
therapeutic window and fewer side effects.?’

Increased exposure to sunitinib is associated with improved survival outcomes
but also an increased risk for adverse events.>® Sunitinib revealed an improvement in
progression-free survival (PFS) and objective response rate compared to interferon-alpha
(P< 0.001) and showed a tendency towards an improved overall survival (OS) (P=0.051).2
For several years, sunitinib has been considered the first-choice treatment for mRCC.
However, based on the results of the PISCES trial (a randomized, controlled, double-blind,
cross-over trial assessing treatment preference for pazopanib versus sunitinib in patients
with metastatic renal cell carcinoma) and the larger COMPARZ trial (a phase 3 study of
pazopanib versus sunitinib in the treatment of locally advanced and/or metastatic renal
cell carcinoma)®'® indicating noninferiority for pazopanib with regard to toxicity, patient
preference, and quality of life, both pazopanib and sunitinib are prescribed as first-line
treatment for mRCC.2™°
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The individual response to TKls is highly variable in mRCC patients: some experience
severe toxicities for which dose reductions or even cessation of therapy is needed,
while others show no response at all. Previous studies identified single nucleotide
polymorphisms (SNPs) in genes encoding enzymes or transporters related to
pharmacokinetics (PK) and pharmacodynamics (PD) of TKIs which have been associated
with toxicity and efficacy of TKIs.''? Also cytokines and antiangiogenic factors have been
studied as potential predictors for TKI treatment outcome in mRCC patients. Ultimately,
biomarker testing prior to start of therapy may result in providing the individual
patient the most effective treatment with the least possible side effects. Several review
articles on pharmacogenomics in mRCC have been published'™, but only one with a
systematic approach. In our current systematic review article, we strictly focus on the
predictive value of biomarkers (as opposed to the prognostic value), especially SNPs
(pharmacogenetics biomarkers) and only in TKI treatment. Here, we outline the findings
from currently available pharmacogenomics studies on potential predictive biomarkers
for mRCC treatment outcome. In addition, we evaluate the quality of the selected studies,
clarify the status on implementation of these predictive biomarkers into the clinic, and
give recommendations as to what the focus of attention should be in future studies.

METHODS

Protocol

A systematic review was performed according to the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guidelines.’” Prior to the literature
search, a systematic review protocol was prepared following the PRISMA-P 17-item
checklist (Supplementary document 1)'* and registered at the international prospective
register of systematic reviews (PROSPERO; CRD42015016509).'¢

Systematic literature search

Together with an experienced librarian, we performed a systematic search in 5 medical
databases: MEDLINE, EMBASE (OVID version), Web of Science, The Cochrane Library,
and Cochrane Central Register of Controlled Trials (CENTRAL). This search comprised
three topics: renal cell carcinoma, TKIs (e.g. sunitinib, sorafenib), and pharmacogenetics
(Supplementary document 2). All databases were searched for keywords on these
items taking into account the terminological and technical differences between these
databases. Various synonyms and related terms for all subjects were used. The search
was performed on 14 January 2015. Results were limited to articles in the English
language and from the year 2004 onwards. Meeting abstracts were excluded. From
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our initial search up to the moment of our final selection of articles, new studies may
have appeared. To cover articles published after 14 January 2015, the initial search was
repeated in MEDLINE on 31 May 2015.

Selection process and data extraction

Articles were first selected by title, then by abstract, and finally relevant data were
extracted systematically from included full text articles. Selection of included articles
was performed by two independent reviewers (MD, JS). In case of disagreement, a
third reviewer (HJG) made the final decision. References were eligible when genetic
biomarkers (i.e. SNPs, genetic variants, gene/protein expression) were investigated in
relation to TKI treatment and mRCC. Review articles, preclinical studies (animal models
and in vitro studies), phase | or Il clinical trials, and papers discussing pathology,
prognosis, tumor biology, or somatic mutations (e.g. Von Hippel-Lindau mutations) were
excluded. Accordingly, articles were excluded if nontreatment-related biomarkers were
studied or if no TKI response was assessed, because these generally consider prognostic
biomarkers.

Extracted data were first author, year of publication, demographics (age, sample
size, sex, ethnicity), sample material and origin (i.e. germline DNA from blood, serum,
or other), methods, tumor type, drug information (i.e. drug name, treatment line, dose),
evaluated biomarkers, endpoints, and statistical approach. Articles resulting from the
secondary search on 31 May 2015 were subject to an identical selection process. Using
cross-references of the included articles from our systematic search, relevant articles were
added to our final selection. Clinical validity (the robustness of the statistical association
between a pharmacogenetic variant and outcome of drug therapy) and clinical utility (a
test’s health-care value) of the included articles was evaluated in a descriptive manner.'”'®

RESULTS

Search results

Our primary search identified 968 articles (Supplementary document 2). The secondary
search identified 30 additional articles. After selection by title, abstract, and full text,
a total of 54 articles were available for evaluation in this review. Figure 1 represents a
flowchart on the study selection process. The extracted data from the included articles
are presented in Table 1 and Supplementary document 3.
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Records identified through database searching in PubMed, Embase
(OVID version), Web Of Science, COCHRANE, and CENTRAL

(n=1511)
Records after removal of duplicates
(n=968)
Records screened by title Records excluded by title
Records from January 14, (n=968) (n=864)
[2015 to May 31, 2015 after
removal of duplicates
(n=30) Records screened by Records excluded by
abstract (n=134) abstract (n=67)
Full-text articles excluded
Full-text articles d (n=15) because no TKI
for eligibility (n=67) was evaluated (n=8),
Articles obtained from prognostic biomarkers
cross-references (n=2) (n=5), commzmary article
n=
Studies included in (n=2)
qualitative synthesis
(n=54)

Figure 1 Flowchart of study selection process. Our original search on the 14th of January 2015
resulted in a total of 968 articles (Supplementary document 2). For the first selection by title,
there was a disagreement between the two independent reviewers on a number of 114 titles
(12%). After consensus was reached with the last review author (HJG), this resulted in a number
of 104 articles which was complemented with 33 additional articles of the search from January
14 to May 31, 2015. A total of 134 articles was available for the second selection step based on
abstract reading. Consensus had to be reached for 20 of the 134 abstracts (15%) and resulted in
exclusion of 67 articles. Consequently, a number of 67 articles underwent full text review and
data extraction. Finally, 15 articles were excluded for data extraction because no treatment was
evaluated (n = 8), prognostic biomarkers were investigated (n = 5) or these were no original
articles but commentaries (n = 2) and using cross-references, we included two additional stud-

ies.3”%? Ultimately, a total of 54 articles was included in our systematic review.

SNPs associated with TKI treatment outcome in mRCC patients

From 2007 up till now, several genetic variants have been assessed for their possible
association with the treatment outcome of sunitinib, pazopanib, sorafenib, or axitinib.
These SNPs have been selected according to the candidate gene approach based on
the knowledge on PK and PD of the drug. The reported findings in this field are outlined
below and summarized in Table 1 and Figure 2.794
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Table 1 Reported SNP associations (P<0.05) with TKI treatment outcome in mRCC from 2009 t02015.

First Author,year ~ TKI  No. of Ethnicity Associated SNPs Study endpoint Effectsize  95%(Cl Pvalue

patients

vanErpetal, 2009 SUN 219 white: 93.6%  (YP1AT 151048943 Leukopenia OR:6.24 1.20-32.42  P=0.029

FLT3 151933437 0R:0.36 0.17-0.77 P=0.008
NR1I3 (rs2307424, OR:1.74 1.02-2.96 P=0.041
152307418, rs4073054)
CAG haplotype
VEGFR2 rs2305948 Any toxicity > OR:2.39 1.02-5.60 P=0.046
ABCG2 (rs55930652, grade 2 OR:0.38 0.17-0.83 P=0.016
152622604)
CYPTAT 151048943 Mucosal OR:4.03 1.24-13.09  P=0.021
inflammation
AB(BT (rs1045642, HFS 0R:0.39 0.16-0.94 P=0.035
151128503, rs2032582)
TTT haplotype
Garcia-Donas et al., SUN 89 (efficacy)  mostly VEGFR3 rs307826 PFS HR:3.57 1.75-7.30 P=0.0079
0m® European VEGFR3 15307821 HR3.31  1.64-6.68  P=0.014
95 (toxicity) (YP3A5 15776746 dose reductions due  HR:3.75 1.67-8.41 P=0.022
to toxicity

Beuselinck et al., SUN 9% 95% CAU AB(B1rs1125803 Time-to-dose- - - P=0.012

20147 ABCBT 152032582 reduction (TTDR) . - P=0.024

Mizunoetal, 20102 SUN 5 JAP AB(G2 152231142 exposure and toxicity - - P<0.05

Mizuno etal, 2012%  SUN 19 JAP AB(G2 152231142 Dose-adjusted AUC - - P=0.02

Miuraetal., 2014 % SUN 1 JAP ABCG2 152231142 grade3and 4 - - -

toxicity
Eechoute et al., SUN 255 91% CAU VEGFA (rs699947, SBP - - P=0.014
20125 1s833061,152010963)  MAP - R P=0.036
ACG haplotype Grade 3 hypertension OR0.59 034103  P=0.031
eNO0S rs2070744 Grade 3 hypertension  OR:2.62 1.08-6.35 P=0.045

Kimetal, 2012 % SUN 63 (AU VEGFA 152010963 prevalence of OR:13.62 3.71-50.04  P=0.05

hypertension

VEGFA 152010963 duration of 21% 12%-29% P=0.02
hypertension

VEGFA 153025039+  0S HR:3.18 1.12-899  P=0.03

VEGFR2 rs2305948

Kimetal, 20137 SUN 65 Asian (Korea)  AB(G21s2231142 grade 3 or4 0R:9.90 1.16-infinity  P=0.04

thrombocytopenia
grade 3 or 4 OR:18.20 1.49-222.09  P=0.02
neutropenia
grade 3 or 4 HFS OR:28.46 2.22-364.94  P=0.01

Takayoshi et al., SUN 1 probably JAP AB(BT (rs1045642, Severe toxicity - - -

2015% rs1128503, rs2032582)

Teoetal, 2015% SUN 25 CHI=86.1%  AB(BTrs1045642 sunitinib exposure  76.81vs 56.55 ng/ml P=0.03
(other Malay all-grade rash RR:3.00 117-7.67  P<0.05
orIndian) all-grade mucositis  RR:1.60 110234  P<0.05

disease progression  RR:4.57 1.08-19.42  P=0.05
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Table 1 Continued

First Author,year  TKI  No. of Ethnicity Associated SNPs Study endpoint Effectsize  95%(Cl Pvalue
patients
Diekstraetal,2015® SUN 333 96% white CYP3A5 15776746 dose reductions 0R:2.0 1.0-4.0 P=0.039
ABCBT (rs1128503, PFS HR:1.9 1.3-2.6 P=0.000275
152032582, 1s1045642)
van der Veldt et al., SUN 136 95.6% CAU CYP3A5 15776746 PFS HR:0.27 0.08-0.89 P=0.032
2011 NR1I3 (152307424, HR1.76  1.11-279  P=0.017
152307418, rs4073054)
CAT haplotype
ABCBT (rs1045642, HR:0.52 0.29-0.95 P=0.033
151128503, r52032582)
TCG haplotype
Scartozzietal,, 2013%% SUN 84 CAU (ltaly) VEGFA 15833061 PFS HR:0.71 - P=0.0197
0S HR:0.69 P=0.0011
VEGFA 152010963 PFS HR:0.19 - P=0.0201
VEGFR3 rs6877011 PFS HR:0.35 - P<0.0001
0S HR:0.39 - P<0.0001
Motzeretal, 20143  SUN 202 88% CAU VEGFA 1699947 PFS, 0S, objective no significant correlations
VEGEA 151570360 response or time-to-
VEGFR3 15448012 tumor progression
VEGFR3 rs307821
VEGFR3 rs307826
Beuselinck et al., SUN 88 94% CAU AB(B1 51128503 PFS HR:0.464 0.234-0.918  P=0.027
2013 NR1I3 154073054 HR:1.864  1.082-3.210 P=0.025
VEGFR3 rs307821 HR:1.981 1.060-3.702  P=0.032
FGFR2 rs2981582 HR:2.669 1.094-6.511  P=0.031
NR1I2 152276707 HR:2.978 1.012-8.761  P=0.047
AB(B1 151128503 0S HR:0.415 0.193-0.894  P=0.025
NR1I3 rs4073054 HR:1.927 1.046-3.549  P=0.035
VEGFR3 rs307821 HR:2.265 1.202-4.268  P=0.011
NR1I3 152307424 HR:1.913 1.006-3.636  P=0.048
VEGFR3 rs307826 HR:2.223 1.187-4.163  P=0.013
Beuselinck et al., SUN 91 93% CAU VEGFRT 59582036 Response Rate (RR) 0% vs 46% P=0.028
20147 05 HR0.249  0.078-0.799 P=0.008
VEGFRT 159554320 PFS HR:2.713 1.321-5.575  P=0.005
Mizuno etal.,2014% SUN 19 JAP AB(G2 152231142 Oral clearance (CL/F)  Improvement of PK model: AOFV=8.59
(P=0.003)
Diekstraetal, 2014 SUN 114 (YP3A4 1535599367 Sunitinib clearance  -22.5% - P=0.01
(YP3A5 15776746 SU12662 clearance  +28.0% - P=0.04
AB(B1 152032582 Sunitinib clearance  +18.0% - P=0.02
Xuetal, 20103 PAZ 116 white UGTTAT 158175347 Bilirubin levels 0R:13.1 53-32.2 P=4.5x10"°
(exploratory) (*28) TA7
130 homozygotes
(replication)
Xuetal,2011% PAZ 115 white HFE rs2858996 + ALT levels OR:39.7 2.2-703.7 P=0.006
(exploratory) 15707889
and 128 (in strong LD)

(replication)
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Table 1 Continued

First Author,year  TKI  No. of Ethnicity Associated SNPs Study endpoint Effectsize  95%(Cl Pvalue
patients
Xuetal,2011% PAZ 397 84% white IL8 151126647 PFS HR:1.8 1.2-2.7 P=0.009
HIF1A rs11549467 HR:1.8 1.1-31 P=0.03
HIFTA rs11549467 Response rate (RR) ~ RR:30% vs. 43% P=0.02
NR1I2 rs3814055 RR:37% vs. 50% P=0.03
VEGFA rs833061 RR:33% vs.51% P=0.02
Motzeretal, 20134 SUN 719 (SUN: Europe, North ~ UGTTAT 158175347 Bilirubin levels on 0R:4.51 1.26-16.11  P=0.024
or N=350, PAZ: America, Asia, and rs4148323 sunitinib
PAZ  N=369) Australia ("28,%37 and *60) Bilirubin levelson ~ OR:3.65 131-1016  P=0.012
pazopanib
Xuetal, 20154 PAZ 3 substudies: 118151126647 0S HR:1.32 1.15-1.52,  P=8.8x10"°
or 186 pts 87% white
SUN  (PAZ) 62% white
690 pts
(353 PAZ +
337 SUN) 98% white
88 (SUN)
Tsuchiyaetal, 2013 SOR 33 JAP AB((215717620 high-grade skinrash 35 vs 0% - P=0.032
HLA-A*24 - - P=0.049
Escudieretal, 2015* AXI 305 (AXI: 94.1% white  VEGFR2 rs2071559 PFS sorafenib 2223 1.268-3.897  P=0.0053
and  N=159, SOR: 05 sorafenib 2.584 1.390-4.803  P=0.0027
SOR  N=146)

ABCB1: ATP-binding cassette member B1; ABCG2: ATP-binding cassette member G2; ALT: alanine
aminotransferase; AST: aspartate aminotransferase; AXI: axitinib; CAU: Caucasian; CC: clear cell
renal cell carcinoma; CHI: Chinese; GIST: gastrointestinal stromal tumor; JAP: Japanese; AOFV:
delta Objective Function Value; OS: overall survival; PAZ: pazopanib; PFS: progression-free sur-

vival; PK: pharmacokinetic; SOR: sorafenib; SUN: sunitinib.

Pharmacogenetics to predict sunitinib toxicity
The first pharmacogenetic study on sunitinib tested for associations of genetic
polymorphisms with toxicity endpoints (P<0.05) in a cohort of 219 patients with
mRCC (N=159), gastrointestinal stromal tumor (GIST) (N=50), or other tumors (N=10).
Van Erp et al. observed an increased risk for leukopenia in CYP1AT rs1048943, and
FLT3 rs1933437 and absence of CAG in the NR1/3 haplotype (rs2307424, rs2307418,
rs4073054). CYP1A1 rs1048943 was associated with mucosal inflammation, and
presence of TTT in ABCBT (rs1045642, rs1128503, rs2032582) was associated with
HFS. Presence of the TT copy in ABCG2 (rs55930652, rs2622604) and VEGFR2
rs2305948 was associated with any toxicity >grade 2.°

Later, in a group of 95 mRCC patients, Garcia-Donas et al. reported that the CYP3A5
A-allele (CYP3A5*1) of rs776746 was associated with dose reductions due to toxicity
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(adjusted P<0.05).%° In a study of Beuselinck et al., an increased time-to-dose reduction
was seen for the TT genotype patients of rs1128503 and rs2032582 in ABCBT compared to
C-allele and G-allele carriers, respectively.?!

Mizuno et al.?>* observed a case of severe haematological toxicity in an RCC patient
with the AA genotype of rs2231142 in ABCG2.This prompted a study in 5 patients (1 variant
homozygous, 3 heterozygous, and 1 wild-type homozygous) in which they observed an
elevated sunitinib exposure for AA carriers.?? The variant allele A is common in Asians
(~30%), but rare in Caucasians (~10%) and African Americans (~5%). In a subsequent study
with 19 Japanese patients, only 1 patient had the AA genotype of rs2231142 in ABCG2.%
It was reported that this SNP was associated with an increase in systemic exposure to
sunitinib, possibly causing thrombocytopenia and hypertension. Miura et al.?* followed
with a case report in 2014 describing a patient with mRCC who developed severe grade
3 and 4 adverse events on sunitinib, namely fever, thrombocytopenia, transaminase
elevation, hypoxia, and pulmonary edema. Again, the AA genotype of rs2231142 in ABCG2
was suggested to explain these toxicities in Asians.

Hypertension is a common adverse effect of sunitinib. Eechoute et al. identified genetic
biomarkers by using the pathway approach using data from 255 patients with clear cell
mMRCC (N=167), non-clear cell mMRCC (N=22), an unknown type of RCC (N=4), GIST (N=53), or
another tumor type (N=9).% An ACG haplotype in VEGF-A (rs699947, rs833061, rs2010963)
was associated with elevations in systolic blood pressure (SBP) and mean arterial pressure
(MAP). The same haplotype in VEGF-A and presence of the C-allele of rs2070744 in eNOS
showed a tendency to develop grade 3 hypertension.” Similarly, Kim et al.?® evaluated
63 sunitinib-treated mRCC patients for the association of SNPs in VEGF or VEGF-R with
hypertension and clinical outcome. The GG genotype of SNP rs2010963 in VEGF was
associated with a greater chance for the occurrence and duration of hypertension.?

Sunitinib-induced toxicities in relation to pharmacogenetic determinants were
studied by Kim et al.?” in a number of 65 Korean mRCC patients. Compared to C-allele
carriers, the AA genotype of rs2231142 in ABCG2 had an increased risk for grade 3 or 4
thrombocytopenia, neutropenia, and HFS.?” In addition, a case report of Takayoshi et al.?®
reported a 65-year-old woman with mRCC who showed severe toxicities and was found to
have the TTT haplotype on ABCBT (rs1045642, rs1128503, rs2032582). It was thought that
the severe toxicities as observed in this patient could be associated with a high sunitinib
exposure, probably explained by the ABCBT genetic polymorphism.?®

Teo et al.®® reported an association analysis in a Chinese population of 25 patients to
investigate the effect of SNPs on both PK and clinical outcome (i.e. toxicity and response).
The variant CC genotype of rs1045642 in ABCBT was associated with an increased risk for
rash and mucositis as compared to T-allele carriers (P<0.05). No association with sunitinib
treatment outcome was observed for rs776746 in CYP3A5.%
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In order to verify the value of earlier reported associations, Diekstra et al.*
pooled patients from exploratory studies in The Netherlands, Spain, and the United
States'20252631 resulting in a sample size of 333 mRCC patients. Data confirmed the
association of CYP3A5*1 with the need for dose reductions (P<0.05) as presented earlier
by Garcia-Donas et al.2°3°

Pharmacogenetics to predict sunitinib efficacy

In afollow-up papertovan Erp et al.’3?, the same group tested a comparable set of SNPs for
associations with sunitinib efficacy. In a population of 136 mRCC patients, they observed
that CYP3A5*1, presence of the TCG copy in ABCB1 (rs1045642, rs1128503, rs2032582), or
absence of the CAT copy in NR1/3 (rs2307424, rs2307418, rs4073054) were associated with
an improved PFS. Carriers of the favorable genetic profile (at least an A-allele of CYP3A5,
a TCG copy in ABCB1, or a missing CAT copy in NR1/3) showed an improved PFS and OS
compared to the disadvantageous genetic profile carriers.”!

With regard to SNPs in VEGF and VEGF-R, Garcia-Donas et al. reported SNPs rs307826
and rs307821 in VEGF-R3 to be associated with a decrease in PFS in a study of 89 mRCC
patients.”® Kim et al.?® showed that carriers of the combination of CC and GG genotypes
of rs3025039 in VEGF-A and rs2305948 in VEGF-R2, respectively, showed a worse OS
compared to noncarriers.? In another study of VEGF and VEGF-R SNPs in a group of 84 mRCC
patients, Scartozzi et al.*? report that carriers of the favorable SNP genotypes of rs833061,
rs6877011, rs2010963, and rs699947 showed a better overall response rate compared to
the unfavorable genotype carriers.3? By using a similar approach with a slightly different
SNP set, Motzer et al.® report conflicting results. They could not identify any significant
associations of SNPs in VEGF-A or VEGFR3 with efficacy outcomes in sunitinib treatment
(PFS, OS, objective response, or time-to-tumor progression).*®

Beuselinck et al. assessed 16 SNPs in 10 genes for their relation with efficacy endpoints
in 88 mRCC patients treated with sunitinib.>* SNP rs1128503 in ABCB1, rs4073054 in NR1I3,
and rs307821 in VEGF-R3 were associated with PFS and OS. For PFS only, rs2981582 in
FGF-R2 and rs2276707 in NR1/2 showed an association. For OS only, rs2307424 in NR1/3
and rs307826 in VEGF-R3 were associated (P<0.05).3*In a separate study on 91 subjects, the
CC genotypes of rs9582036 in VEGF-R1 had a lower response rate and a decreased survival
(PFS and OS) compared to A-allele carriers.*® Furthermore, a decreased PFS was observed
for the AA genotype of rs9554320 in VEGF-R1 compared to C-allele carriers.*® Teo et al.?®
reported that the CC genotype of rs1045642 in ABCBT was associated with progression of
the disease as compared to T-allele carriers (P<0.05)* in 25 Chinese patients.

In the aforementioned study of Diekstra et al., presence of CGT in the ABCBT haplotype
(rs1128503,r52032582, rs1045642) was confirmed to be associated with an improved PFS
(P<0.001) as previously observed by van der Veldt et al.>**'
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CYP1A1 CYP3A5 CYP3A4 UGT1A1 NR1I2 ABCC2 no significant SNP
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Figure 2 Main results on associations of SNPs involved in pharmacokinetics or pharmacody-
na-mics of TKIs with clinical treatment outcome in mRCC.

An increased risk for common sunitinib toxicities was seen for SNPs in CYP1A1, NR1I3, ABCB1
and ABCG2. Furthermore, CYP3A5*1 was associated with dose reductions due to toxicity and
an increased time-to-dose-reduction (TTDR) was seen for ABCBT SNPs. Associations with the
clearance of sunitinib and/or SU12662 were observed for SNPs in CYP3A5, ABCB1 and CYP3A4.
A higher exposure to sunitinib and progressive disease was reported for rs1045642 in ABCB1
in Chinese patients. For efficacy, CYP3A5*1 and SNPs in ABCB1, NR1/2 and NR1I3 were associ-
ated with PFS. Associations of CYP3A5*1 with the need for dose reductions and of the ABCB1
haplotype with PFS were confirmed in a larger study.** Regarding pharmacodynamics, SNPs in
VEGFR2, FLT3, VEGF-A and eNOS were associated with sunitinib toxicities and with hypertension
in particular. Associations with either response rate, PFS and/or OS were observed for SNPs in
VEGF-A, VEGF-R1, VEGF-R3 and FGF-R2."%** For pazopanib, only articles from the group of Xu et
al. were included in our search. The main findings were that UGTT1A1%*28, UGT1A1*60 and CYP1A2
(rs762551) were associated with bilirubin levels and SNPs in HFE were associated with increased
ALT levels. Additionally, SNPs in IL8, HIF1A, NR1I2 and VEGFA were associated with either PFS or
response rate. For patients using either sunitinib or pazopanib, UGTTAT SNP genotypes *28, *37
and *6 showed an increased risk for hyperbilirubinemia and rs1126647 in /L8 was associated
with OS. Only two pharmacogenetic studies on sorafenib were found in which genetic polymor-
phisms in ABCC2 and HLA-A were associated with high-grade skin rash and rs2071559 in VEGF-R2

was associated with PFS and OS. For axitinib, no associations were reported.*4*
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Pharmacogenetics to predict sunitinib PK

To investigate the effect of genetic variants on the PK of sunitinib, Mizuno et al. performed
a population PK study in a set of 19 patients which identified the AA genotype of
rs2231142in ABCG2 to be a predictor for increased clearance of sunitinib.?® In the study of
Teo et al.?®, including 25 patients of Chinese origin, the variant CC genotype of rs1045642
in ABCB1 was associated with a higher exposure to sunitinib as compared to T-allele
carriers (P<0.05).”° Diekstra et al.*” tested a selection of the earlier associated SNPs related
to the PK of sunitinib for possible association with clearance of sunitinib and/or its active
metabolite (SU12662). Fourteen SNPs were tested in a sample of 114 patients with RCC
(N=69), neuro-endocrine tumors (N=14), GIST (N=8), or another solid tumor type (N=23).
A 28% increase in clearance of SU12662 was observed for the AG genotype of rs776746
in CYP3A5. Furthermore, the TT variant genotype of rs2032582 in ABCBT showed an 18%
increase in clearance of sunitinib (P<0.05). For T-allele carriers of rs35599367 in CYP3A4
(CYP3A4*22), a 22.5% decreased clearance was observed (P<0.01).*’

Pharmacogenetics to predict pazopanib toxicity

Fewer studies are available on pharmacogenetics of pazopanib, since pazopanib was
approved 3 years after sunitinib. Pazopanib and sunitinib share most common toxicities,
although for pazopanib hepatotoxicity with elevations of alanine transaminase levels in
particular is a common adverse effect.?® In 2010, Xu et al.>® investigated 28 SNPs for their
relation with levels of alanine aminotransferase (ALT) and bilirubin in pazopanib-treated
mRCC patients from an exploratory cohort (N=116) and a replication cohort (N=130).
In the exploratory cohort, SNPs rs8175347 (UGT1A1%*28), rs4148323 (UGT1A1%60), and
rs762551 in CYP1A2 were associated with bilirubin levels, and none of the SNPs showed
an association with ALT levels. In the replication cohort, only the TA-repeat polymorphism
of UGTTA1*28 was associated with hyperbilirubinemia. The TA7 homozygote patients
developed more hyperbilirubinemia compared to other genotypes, probably due
to a reduced expression of UGT1A1. It was suggested that this is not likely to affect
pazopanib exposure nor toxicities, since pazopanib is not glucuronized by UGT1A1.3 In
roughly the same patient cohorts (N=115 explorative and N=128 for replication), Xu et
al. studied 9308 SNPs in 282 candidate genes. For rs2858996 and rs707889 in HFE, which
are in strong linkage disequilibrium, the TT genotypes were associated with increased
ALT levels.*

Pharmacogenetics to predict pazopanib efficacy

In a subsequent study, Xu et al.** investigated a slightly different set of 27 SNPs in
candidate genes (SNPs in /L-8 and HIF1A) to test whether these are related to pazopanib
efficacy. In a cohort of 397 RCC patients, a decreased PFS was observed for TT variant
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carriers of rs1126647 in IL8 compared to wildtype AA. A worse PFS and response rate
were observed for AG carriers of rs11549467 in HIF1A compared to wild-type GG. A
reduced response rate was also observed for TT carriers of rs3814055 in NR1/2 compared
to wild-type CC and for wildtype CC of rs833061 in VEGFA compared to TT genotypes.*

Pharmacogenetics to predict clinical outcome of sunitinib and
pazopanib

In some of the included studies, a combined genetic association analyses was performed
on patients who are either treated with sunitinib or pazopanib. Motzer et al.*' investigated
the UGT1AT polymorphisms as reported by Xu et al.*® in 719 patients from the COMPARZ
trial: a phase lll, randomized, clinical trial comparing pazopanib versus sunitinib in mRCC
treatment.’®*' Subjects with an expected reduction in function of UGT1A1 based on the
SNP genotypes of rs8175347 and rs4148323 (*28, *37, and *6) showed increased levels of
bilirubin at baseline and had a higherrisk for developing hyperbilirubinemia on treatment
with either sunitinib or pazopanib. None of the UGTTAT SNPs showed an association with
elevated ALT levels.*’ More recently, Xu et al.** examined three separate patient cohorts
of 186 patients on pazopanib in the first cohort, 690 patients using either pazopanib
(N=353) or sunitinib (N=337) in the second cohort, and the third cohort comprised 88
patients on sunitinib. The variant T allele of SNP rs1126647 in /L8 was associated with an
inferior OS in every separate cohort (P<0.05). In a meta-analysis of the association results
in the combined data set of 964 patients, this SNP was also associated with a worse OS.*

Pharmacogenetics to predict clinical outcome of sorafenib or axitinib
Few studies are available on pharmacogenetics of sorafenib in mRCC and axitinib. In
a study of 55 Japanese mRCC patients, Tsuchiya et al.** reported that the CC genotype
of rs717620 in ABCC2 compared to the CT genotype and the HLA-A*24 allele were both
associated with an increased risk for sorafenib-induced high-grade skin rash. In 2015,
Escudier etal.* reported a set of 305 mRCC patients (N=159 axitinib and N=146 sorafenib),
in which 15 SNPs were investigated in VEGF-A, VEGF-R1, VEGF-R2, and HIF-1A for the
association with blood pressure or efficacy outcomes. It was observed that no significant
association was reported for any of the SNPs with treatment outcome on axitinib. For
sorafenib treatment, it was found that SNP rs2071559 in VEGF-R2 was associated with
PFS and OS (P<0.01), but the sensitivity/specificity analysis on this SNP showed a result
of <80%. Therefore, it cannot be considered as a predictive SNP for survival outcome on
sorafenib in mRCC.*
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Other associated biomarkers with TKI treatment outcome in mRCC
patients

In addition to SNPs as potential biomarkers, many other biomarkers including
histological subtypes, molecular subtypes, protein expression, immuno-expression, and
microRNA were evaluated for potential association with TKI treatment outcome. Results
are presented in Supplementary document 3.472

Histological and molecular subtypes in sunitinib treatment

In a case report by Choueiri et al.**, a 49-year-old woman initially diagnosed with clear
cell mRCC was later confirmed to have an Xp11.2 translocation RCC histological subtype
which generally involves the TFE3 gene. This patient developed severe HFS on sorafenib
and, therefore, switched to sunitinib on which she showed a partial response followed
by a durable response for more than 2 years.* This could indicate that the Xp11.2
translocation histological subtype is a biomarker that predicts a more favorable efficacy
and toxicity profile on sunitinib compared to sorafenib. In a recent communication,
Beuselinck et al.*¢ showed that molecular subtypes of clear cell mRCC can predict the
response to sunitinib with regard to response rate, PFS, and OS. These tumor subtypes
are characterized based on chromosome copy-number aberrations, methylation status,
and gene mutations in von Hippel-Lindau and the polybromo-1 protein (PBRM1).#

Protein expression and immunoexpression in sunitinib treatment

With regard to protein expression, Paule et al.*’ investigated molecular biomarkers in
primary tumors of 23 mRCC patients. Herein, levels of VEGF soluble isoforms VEGF121
and VEGF165 were associated with sunitinib response, and the ratio of VEGF121/VEGF165
was associated with prognosis. Gruenwald et al.*® investigated another type of soluble
markers and reported circulating endothelial cells (CEC) to be elevated within 28 days
after start of sunitinib treatment in patients with a PFS above the median.*® Later, in
2012, expression levels of the chemokine receptor CXCR4 were associated with objective
response rate and survival on sunitinib as communicated by D'Alterio et al.*’ In a report
of Garcia-Donas et al.>°, protein expression was investigated in 67 sunitinib-treated mRCC
patients. A high expression of HIF2A and PDGFRB proteins showed an improved response
to sunitinib, and VEGFR3 expression was associated with PFS. Furthermore, expression of
HIF2A and VEGF-A or EGLN3 mRNA content were associated with 0S.*° Minardi et al.*'
showed that VEGF expression was correlated with distant metastasis-free survival (DMFS)
and OS in mRCC patients, but showed no association with regard to sunitinib treatment.”
In a set of 50 Japanese RCC patients, Sato et al.>? investigated the Extracellular Matrix
MetalloPRoteinase Inducer (EMMPRIN), a cell-surface glycoprotein that belongs to the
immunoglobulin superfamily encoded by a gene localized to 19p13.3. High expression
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of EMMPRIN was seen for sunitinib-treated patients and sunitinib-resistant cells.>? In the
above-mentioned study of Motzer et al.®, baseline levels of angiopoietin-2 and matrix
metalloproteinase were associated with tumor response, and HIF-1a expression was
associated with PFS.2® The expression of phosphorylated VEGF-R2 was associated with
PFS and OS in mRCC patients by Del Puerto-Nevado et al.>®* Gambini et al.>* reported a
case of a 60-year-old man with complete remission after 1 year on sunitinib. For this
patient, a significant expression of neuronspecific enolase was observed together with
the presence of pancreatic metastases. The hypothesis is that these neuroendocrine
markers could predict the response to TKls.>

Considering immunoexpression, Mikami et al.** studied a subset of 25 Japanese
mRCC patients on sunitinib. Herein, a high expression of the cancer stem cell marker
CD44 was associated with a poor treatment outcome and responsible for developing
sunitinib resistance. Also, the combination of high expression of TNF-a and CD44 was
associated with a decreased PFS.>* Dornbusch et al.*® evaluated the immunoexpression of
tumor protein markers in 42 patients with mRCC. They concluded that HIF-1a, CA9, Ki67,
CD31, pVEGFRT, VEGFR1 and -2, pPDGFR-a and -b were associated with the response to
sunitinib (P<0.05).%°

Micro RNA in sunitinib treatment

Some studies focused on microRNA (miRNA) as a possible predictor for sunitinib treatment
outcome. miRNAs are noncoding RNAs that regulate gene expression.”” Gdmez-Pozo et
al>” associated the expression of miRNA combinations (e.g. hsa-miR-141, hsa-miR-31,
hsa-miR-125a-5p) in peripheral blood of RCC patients with poor or prolonged response
to sunitinib.>” Also, Berkers et al.>® showed that miRNA was related to the response to
sunitinib as tested in 20 mRCC patients: a significantly lower expression of miRNA-141
was observed for poor responders.®® On miRNA expression of miRNA, Prior et al.*®
identified miRNA-942, miR-628-5p, miR-133a, and miR-484 as predictors for sunitinib
efficacy (i.e. time to progression, OS, and resistance). It was postulated that high levels
of miRNA-942 will stimulate the secretion of matrix metalloproteinase-9 and VEGF and
thereby effectuate resistance to sunitinib.>®

Pazopanib

Other than SNPs, our literature search identified no associations of biomarkers with
pazopanib treatment outcome in mRCC. Choueiri et al.*®® studied biomarkers along the
VHL/HIF-1a/HIF-2a axis but reported no significant associations with pazopanib activity
in patients with advanced clear-cell RCC.%°
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Sorafenib

Mean VEGF plasma levels showed a significant increase in response to sorafenib, while
plasma proteins VEGF-R2 and tissue inhibitor of metalloproteinase 1 (TIMP-1) were
decreased in response to sorafenib as was observed by Pefia et al.®’ Feng et al.®* showed
that high levels of circulating cell-free DNA (cfDNA) were associated with a poor response
to sorafenib in 18 Chinese mRCC patients. Aziz et al.%® reported that a high microvessel
area was associated with a better response on sorafenib; smaller primary tumors were
observed (P=0.005).°* Another study showed that miRNA-30a is predictive for sorafenib
efficacy.®* Zheng et al.®* explain that miRNA-30a inhibits its targeted gene Beclin-1, and
consequently, the cytotoxic potential of sorafenib will increase.®

Potential biomarkers from analyses including patients using different
therapies

Some of the included articles evaluate more types of TKls in the same analysis or in
combination with other therapies in mRCC. In a cohort of 282 mRCC patients, Doberstein
et al. showed that the expression of the L1 cell adhesion molecule was predictive both
for OS and for therapy resistance in mRCC treatment with either sunitinib, rapamycin,
or cisplatin.®® Furuya et al.® studied 66 Japanese patients (26 received IFN-alpha and 21
patients received concomitant sorafenib as a second-line treatment) in which significantly
higher serum levels of the IFN-alpha receptor messenger RNA were seen for patients with
a better response and longer OS on IFN-alpha treatment with or without the addition
of sorafenib.®® Sharpe et al.%” observed a significant reduction in vessel density (CD31),
phospho-S6K expression, PDL-1 expression, and FOXP3 expression, but also a significant
increase in cytoplasmic FGF-2, MET receptor expression in vessels, Fuhrman tumor grade,
and Ki-67 in 85 patients who use either sunitinib or pazopanib. In addition, progression
occurred later in patients with high levels of Ki-67 and CD31.%’

Yamada et al.® studied 27 cytokines as possible predictive biomarkers for TKI treatment
in 13 mRCC patients treated with sunitinib (N=8), axitinib (N=4), or sorafenib (N=1). The
plasma granulocyte macrophage colony-stimulating factor level was higher in patients
who showed a partial response compared to patients with stable disease or progressive
disease (P<0.05). Although not significant, higher IL-6 levels were observed in patients
with progressive disease (P=0.141).%® Interestingly, Yamada et al. refer to a paper of Tran
et al.® who describe that for patients receiving pazopanib, high IL-6 was associated with
an improved PFS compared to placebo (P=0.009).%°

Peters et al.’® examined epigenetic biomarkers, namely the methylation status in
primary tumor tissues in a cohort of 18 patients treated with either sunitinib (N=12),
sorafenib (N=4), axitinib (N=1), or bevacizumab (N=1), as a first-line treatment. A
decreased PFS and OS were observed for the hyper methylated status of CST6 and LAD1.
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For the prediction of therapy failure on first-line therapy, sensitivity and specificity
were determined and resulted in a specificity of 1.0 and a sensitivity of 0.73 for LAD1
methylation.”” Dubrowinskaja et al”’ of the same research group studied the same
patient cohort and showed that a higher methylation status of the Neurofilament Heavy
polypeptid gene was related to a decrease in OS.”!

Finally, Choudhury et al.”? investigated 48 patients on molecular subtypes of clear-
cell RCC for their association with response to either sunitinib or pazopanib as a first-,
second-, or third-line treatment. Using a multigene assay (8 genes: CXCL5, EFNA5, EMCN,
LAMB3, PLG, PRAME, RARREST, SLC6A19), clinical prognostic subtypes were identified,
which were shown to be predictive for response and survival on TKI treatment.”

DISCUSSION

This systematic review outlines the available literature on associations of SNPs and
other biomarkers with clinical treatment outcome of TKls in mRCC. The most promising
biomarkerson predicting TKl outcome are related to PK(genes encoding CYP450 enzymes,
CYP450 regulators, or drug efflux transporters) and PD (genes encoding VEGF or VEGF
receptors and interleukins).’”*** For sunitinib, SNPs in CYP1A1, CYP3A5, CYP3A4, NR1/2,
NR113, ABCB1, ABCG2, VEGF-A, VEGFR1, VEGFR2, VEGF-R3, FGF-R2, FLT3, eNOS, UGT1A1, and
IL8 were related to toxicity, efficacy, clearance, or drug exposure. Moreover, the potential
of SNPs in CYP3A5 and ABCBT to predict sunitinib related outcomes was confirmed in a
large set of patients. With regard to pazopanib, SNPs in UGTTA1, CYP1A2, and HFE were
associated with either bilirubin levels or ALT levels,and SNPsin /L8, HIF1A,NR1/2,and VEGFA
were associated with efficacy outcomes on pazopanib. The association of rs1126647 in
IL8 with OS was confirmed in two independent data sets including patients treated with
either sunitinib or pazopanib.***> Sorafenib toxicity and efficacy were related to genetic
polymorphisms in ABCC2, HLA-A, and the only large study (N>300) available on sorafenib
treatment showed that rs2071559 in VEGF-R2 was related to efficacy. For axitinib, no SNP
associations were reported.’””** Other reported biomarkers include proteins (e.g. VEGF),
epigenetic markers (miRNA or methylation), and histological or molecular subtypes.*72
Clinical implementation of these biomarkers remains a difficult issue, since most studies
present nonvalidated findings from retrospective cohort studies, effect sizes are rather
small, heterogeneity between studies is large, sample sizes are limited, and above all, no
consensus has been reached on the interpretation of these findings in terms of clinical
utility on guiding individual dosing regimens of TKils.!”'®

Our systematic approach minimizes the risk that we have missed relevant articles.
Moreover, we only focused on TKIs (excluding other mRCC treatments) to ensure
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that similar mechanisms and drug targets are compared. A meta-analysis is generally
preferred to easily summarize the findings of all studies and subsequently value the
clinical utility of associated biomarkers. However, in this case, a meta-analysis would be
misjudging because of the large heterogeneity in study design, sample sizes, ethnicities,
study endpoints, tested SNPs, evaluated treatments, and statistical approach. Sample
sizes range from 1to 451, in which the number of tested SNPs varied between 1 and 6852
SNPs.223° Furthermore, publication bias has very likely occurred and obscures a clear
conclusion from a meta-analysis. In this review, we compared study results on the drugs
of interest, sample sizes, ethnicity differences, and effect sizes with confidence intervals
and P-values. One of the limitations in the studies in this field is that biomarkers are
typically selected with a significance threshold value of P<0.05. However, often a large
number of hypotheses are tested in the same data set, increasing the chance for false-
positive associations.”> Another important issue is the difference in allele frequencies
of SNPs among ethnicities. For example, SNP allele frequencies in CYP3A5 and ABCBT
differ between Caucasian and Asian patients. Furthermore, co-medication during TKI
treatment and total exposure to the TKI was not taken into account in most studies, while
drug-drug interactions may be especially important with regard to the effects on PK and
PD. These matters have an important impact on the clinical validity and should be taken
into account before assessing the possibilities on clinical implementation.

The SNPs tested in most of the included studies were selected according to the
candidate gene approach. On PK, the results show that SNPs in genes coding for CYP
enzymes, CYP regulators, and drug efflux transporters (ABCB1, ABCC2, and ABCG2)
seem to play an important role in sunitinib treatment outcome, especially CYP3A5 and
ABCBT SNPs.1921:29313437 |n some of the articles on sunitinib, the intermediate endpoints
clearance and exposure were investigated and confirmed the hypotheses that SNPs in
CYP3A4, CYP3A5, and ABCBT influence drug exposure (Figure 2).22293537 Synitinib and
pazopanib are metabolized by CYP3A4 and probably CYP3A5 but are not known to be
metabolized by UGT1A1.38417% Pazopanib inhibits UGT1A1 in vitro. In pazopanib-treated
patients, SNPs in UGTTAT may cause a reduced expression of UGTTA1 and, together with
the inhibitory effect of pazopanib, would result in hyperbilirubinemia. For sunitinib,
however, this enhanced effect on inhibition does not apply.®®*" Since sunitinib and
pazopanib are both metabolized by the same CYP enzymes and are substrates for ABCB1
and ABCG2, one could expect to find the same SNPs in these PK-related genes to be
related to pazopanib outcomes. Only for a SNP in NR1/2, a relation with response rate on
pazopanib was observed.* The articles in this review have not tested pazopanib toxicity
outcomes for these SNPs related to PK. However, the effects on total drug exposure
resulting from changes in CYP enzyme activity may be very different for sunitinib and
pazopanib. Including both sunitinib- and pazopanib-treated patients in this type of
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analyses is not very reasonable*?, since sunitinib is converted to an active metabolite
with similar activity and potency and a longer half-life, while pazopanib only has less
active metabolites. In addition, the extent of absorption for pazopanib and sunitinib
may be very different (due to substrate specificity, for example), and its role in the total
PK of the TKI is unclear. Changes in genes encoding efflux transporters can, therefore,
be more important for sunitinib than for pazopanib. Regarding pharmacodynamics of
sunitinib, SNPs in eNOS, IL8, VEGF-A, and VEGF-R1,2,3 present promising biomarkers for
toxicity or survival on sunitinib.'9202526323435 However, results on VEGF-A and VEGF-R1,2
or 3 genes are contradictory for both toxicity and efficacy outcomes since also negative
associations were reported.*®* In a recent analysis of our group, we associated SNPs in
IL8 and IL13 with sunitinib toxicities (hypertension, leukopenia, and any toxicity >grade
2) and referred to the findings of Xu et al.****7> Here, it was carefully hypothesized that
IL8 and VEGF can be related in their effect on sunitinib-induced toxicities.” For sorafenib,
only one study with a significant sample size is available that reported a SNP in VEGF-R2
to be a potential predictor for efficacy (PFS and OS).* This effect was explained by a
change in the promoter, subsequently altering transcription factor-binding and thereby
the expression of VEGF-R2, but no clear downstream effect was presented.* In addition
to SNPs, other types of biomarkers are potentially important. Results on epigenetics
(miRNA and DNA methylation status) may influence gene expression and SNP effects,
and results on protein markers can provide useful insight into mechanisms involved
in SNP effects.*72 The associated SNPs and other biomarkers are different between
TKIls, and therefore, we cannot assume a class effect pharmacogenetics in mRCC. While
many targets, metabolizing enzymes, and drug transporters of the TKls are comparable,
significant differences in mechanisms of action can still exist.

A randomized clinical trial (RCT) is considered the hallmark of evidence to show utility
for a biomarker in a clinical setting. However, an RCT is not critical for clinical application.
It has already been proven that genetic substudies of RCTs in cancer are sufficient
evidence to implement pharmacogenetic testing as is illustrated by testing EGFR for
erlotinib and (K)RAS for cetuximab and panitumumab.”® Funakoshi et al.* assessed
the level of evidence (LOE) of associated biomarkers by arranging the articles into
different categories.”’”’® Categories A and B represent the highest LOE with prospective
RCT addressing biomarker questions and prospective studies not primarily designed
to address biomarker questions. Categories C and D represent the lowest LOE with
prospective and retrospective observational studies.'*’”78 In this field, these categories
would be a false premise since no randomized studies and few prospective studies
(category A or B) are available on pharmacogenetic biomarker studies in mRCC, which
means only category C and D studies with a low LOE are left.
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Gillis et al.'® mention that both clinical validity and clinical utility should be considered in
translating the findings into a practical method to improve clinical practice. There is a lack of
consensus on the definition of clinical utility. However, Gillis et al. are confident that validation
of the associated biomarker in an independent replication cohort is the best evidence of
clinical utility."® Janssens et al. consider a pharmacogenetic test useful when it is ‘sufficiently
predictive for clinically important phenotypes, contributes to improved health outcomes,
and is economically feasible to implement in community-based practice settings''” Clinical
application is very likely for the reported SNP associations of CYP3A5 and ABCBI1, which
reflect a considerably high predictive value since these SNPs have been associated with
sunitinib PK*, associations on clinical outcome are confirmed?**°3', and these findings are
further supported by the exposure-effect relationship on sunitinib treatment.” However,
no genetic biomarkers for clinical outcome on TKls in mRCC have been implemented yet
in any of the innovative guidelines such as the Clinical Pharmacogenetics Implementation
Consortium (CPIC) and the Dutch Pharmacogenetics Working Group (DPWG).7°8°

In conclusion, a decade of pharmacogenomics research on TKls in mRCC patients has
revealed CYP3A5*1 and ABCBT as the most promising biomarkers for sunitinib treatment
outcome. Implementation of pre-emptive pharmacogenetic testing will become likely
when confirmed in independent cohorts preferably in prospective studies.

In the near future, results from genome-wide association studies from discovery and
validation sets are expected. Many more SNPs in different genes will be investigated in the
genome-wide association studies as compared to the candidate-gene approach that is used
in most of the currently available studies. This could mean that earlier discovered SNPs will
be affirmed, but these results may also identify additional genetic variants as biomarkers
for outcome of TKI treatment in renal cell cancer. Additionally, we think that it is essential
to further study both immunological and angiogenic factors (both protein expression and
genetic polymorphisms) on prognosis and anti-VEGF treatment outcome in mRCC. Besides
the effect on VEGF inhibition, sunitinib and other TKIs may influence the immune system,
but we need a better understanding on the mechanisms involved.*>¢*”> Anti-angiogenic
therapy may result in a further induction of the immunosuppressive environment of the
RCC tumor.®! Future findings may indicate that we need a combination therapy to treat both
the immunogenic and pro-angiogenic character of RCC. Utilizing the pharmacogenetic
profile of the patient may optimize TKI selection. Currently, the drug arsenal for mRCC is
growing with new available TKls or TKls in development, and new promising immune-based
therapies for RCC treatment are on their way, such as anti-programmed death-ligand 1 (PD-
L1).82 Recent findings showed that in some patients, the efficacy of anti-angiogenic therapy
might improve by PD-L1 blockade. However, as Liu et al. mention: ‘The top priority and
challenge is the selection of patients who are likely to respond to anti-PD-L1 therapy"®'
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Within 5 years from now, we expect that some of the presented biomarkers here
will be validated in replication cohorts and prospective validation studies with a
longitudinal observation in time and a systematic data collection. These can be designed
as noninterventional because blood samples (DNA) can be collected during routine
monitoring visits of the patients. In retrospect, it will be investigated whether the
determined genotypes of the patients have been a prediction for the outcome of TKI
treatment. Two large prospective, nonrandomized clinical trials on precision medicine in
oncology have already been set up as presented at the 2015 American Society of Clinical
Oncology (ASCO) annual meeting: ASCO’s Targeted Agent and Profiling Utilization
Registry (TAPUR) study and the National Cancer Institute (NCI) Molecular Analysis for
Therapy Choice (NCI-MATCH).884|n these trials, more than 20 different targeted therapies
will be investigated including sunitinib, and these drugs will be made freely available.
For the NCI-MATCH study, a number of 3000 patients is anticipated. Patients are treated
with a drug based on the molecular profile of the tumor, and important clinical outcomes
(e.g. overall response rate and PFS) will be recorded to see how patients can benefit from
these drugs.838
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5.SUPPORT

MD is supported by the European Union’s Seventh Framework Programme (FP7/2007-2013) under grant agreement no. 259939.

6. RATIONALE

INTRODUCTION

In the last ten years a number of targeted agents for treatment of solid tumors have become available. Sunitinib, a tyrosine kinase inhibitor
(TKI) was the first targeted drug for mRCC and is on the market since 2006. While pazopanib, axitinib and sorafenib have since then become
available, sunitinib is still the first-choice treatment for metastatic renal cell carcinoma (mRCC).

Patients respond very differently to sunitinib with sometimes severe toxicities that need dose reductions and/or a poor response with regard
to tumor shrinkage. Therefore, we are not yet able to predict the individual treatment outcome on sunitinib.

Previous studies identified Single Nucleotide Polymorphisms (SNPs) in genes encoding enzymes or transporters related to pharmacokinetics
and pharmacodynamics of TKIs which have been associated with toxicity and efficacy of sunitinib. These genetic biomarkers are potential
predictors for TKI treatment outcome in mRCC patients. Ideally, pharmacogenetic testing of genetic biomarkers prior to start of therapy,
could result in giving the individual patient the most effective TKI with the least possible side effects. However, findings on these genetic
biomarkers have not been validated yet. This means clinical implementation of pharmacogenetic testing to guide sunitinib dosing or other
TKIs is not yet possible.”"*

We perform a new systematic review up to January 2015 in order to have a more complete overview of all pharmacogenetic studies on
sunitinib and other TKIs in mRCC to date and we only focus on genetic predictive biomarkers.

7. OBJECTIVES

The objective of this review is to systematically review the research findings on pharmacogenetics of sunitinib in mRCC to date and to
evaluate the use of genetic biomarkers for sunitinib treatment outcome. Therefore, we try to answer the following questions:

What are the germline genetic variants that associate with sunitinib and other targeted agents (pazopanib, axitinib, sorafenib) and their
efficacy and toxicity in mRCC patients?

What is the value and quality of the included studies in our review?

Based on the available research findings, what has been the result with regard to clinical implementation of predictive biomarkers for
sunitinib treatment outcome up till now?

What should be the focus of future research in this field?
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8. ELIGIBILITY CRITERIA

Studies will be selected according to the criteria outlined below:

We will include studies with patients diagnosed with (metastatic) renal cell carcinoma (mRCC) receiving a targeted therapy (sunitinib,
axitinib, sorafenib, pazopanib or other). In addition, we included studies that test the association of SNPs, any other genetic variants or
gene/protein expression with the treatment outcome of these targeted therapies. Therefore, information that has to be available in the
studies are DNA samples, genotyping data together with outcome data which are toxicity and efficacy data.

References were eligible when genetic biomarkers (i.e. SNPs, genetic variants, gene/protein expression) were investigated in relation to
TKI treatment and mRCC. Excluded from our selection were review articles, preclinical studies (animal models and in vitro studies), phase
I'or Il clinical trials and papers discussing pathology, prognosis, tumor biology or somatic mutations (e.g. Von Hippel-Lindau mutations).
Accordingly, articles were excluded from our review if non-treatment related biomarkers were studied or if no TKI response was assessed,
because these generally consider prognostic biomarkers.

Our literature search was done for articles that appeared between January 2004 and January 2015. Only English language papers will be
included and conference abstracts are excluded from our search.

Excluded from our selection were review articles, preclinical studies (animal models and in vitro studies), phase | or Il clinical trials and
papers discussing pathology, prognosis or tumor biology, somatic mutations (e.g. VHL).

We have made sure that all authors of the review team agreed with the eligibility criteria prior to the selection process.

9. INFORMATION SOURCES

Search for references in the following databases:
PubMed

Embase (OVID version)

Web of Science

COCHRANE

CENTRAL

10. SEARCH STRATEGY

Together with a trained librarian, we will perform a search in PubMed, Embase (OVID version), Web of Science, COCHRANE Library and
CENTRAL. The search consists of the combination of three subjects:

Renal cell carcinoma

Tyrosine kinase inhibitors (e.g. sunitinib, sorafenib)

Pharmacogenetics

The query will be applied in all databases taking into account the terminological and technical differences between these databases. Various
synonyms and related terms for all subjects were used. Results will be limited to articles in the English language, and from the year 2004
onwards. Meeting abstracts are being excluded. See Supplementary document 2: search strategy

11. STUDY RECORDS

11a. DATA MANAGEMENT

Results from our literature search will be uploaded to EndNote X6 and references will be de-duplicated with every new insertion of search
results from one of the databases. The selection of articles will be made within EndNote in order to easily check which articles are excluded.
An overview of our selection including the data collection will be processed in an excel file and eventually presented in tables in the
manuscript.

11b. SELECTION PROCESS

First of all, papers will be selected by title. Titles will be judged on the topic of renal cell carcinoma, tyrosine kinase inhibitors and
pharmacogenetics. The first two authors of the review (MD and JS) will screen the titles from the first original search independently from
each other. Disagreement on the selection by title will be resolved through discussion with the last author on the review (HJG).

Secondly, a selection will be made by abstract with the included articles from the first selection by title. Abstracts will be judged on the
topic of renal cell carcinoma, tyrosine kinase inhibitors and pharmacogenetics. The first two authors of the review (MD and JS) will screen
the abstracts from papers included in the first selection step independently from each other. Disagreement on the selection by title will be
resolved through discussion with the last author on the review (HJG).

Thirdly, the final aim is to get a total of roughly 80 references. Full-text will be judged on the topic of renal cell carcinoma, tyrosine kinase
inhibitors and pharmacogenetics. The first two authors of the review (MD and JS) will screen the full texts papers included in the second
selection step independently from each other. Disagreement on the selection by title will be resolved through discussion with the last author
on the review (HJG).

For every selection step, the reason for exclusion of the paper will be recorded. An overview of our selection criteria and selection process
will be saved in an excel file.
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11¢. DATA COLLECTION PROCESS

During the selection process, we will use excel-based forms to make a selection of articles. With the final selection of articles we will again
use the excel file to extract relevant data to include in our review results.

12. DATA ITEMS

For the selection by title, abstract and full text of articles, we will make a selection based on the eligibility criteria mentioned in item 8. In
addition, the excel file contains the reasons for exclusion.

The last separate worksheet is used for data extraction from the final selection of articles. Extracted data were: first author, year of
publication, demographics (median age, number of patients, male percentage, ethnicity), sample material and origin (i.e. germline DNA
from blood, serum or other), methods, tumor type, drug information (i.e. drug name, treatment line, dose), evaluated biomarkers, tested
endpoints and statistical approach. The exact extraction data can be found in the excel file in the last worksheet.

13. OUTCOMES AND PRIORITISATION

End points to be tested for association with genetic variants will be toxicity and efficacy endpoints:

Progression-free Survival (PFS)

Overall Survival (0S)

Any type of toxicity (e.g. thrombocytopenia, leukopenia and many more) with an explanation on clinically relevant toxicities on severity
grades.

Response to treatment (RECIST criteria; PD, SD, PR, CR)

Dose reductions

Any other endpoint related to toxicity or efficacy of the TKI treatment

14. RISK OF BIAS INDIVIDUAL STUDIES

Clinical validity (the robustness of the statistical association between a pharmacogenetic variant and outcome of drug therapy) and clinical
utility (a test's health-care value) of the included articles was evaluated in a descriptive manner.”®

15. DATA SYNTHESIS

15a. CRITERIA FOR SYNTHESIS STUDY DATA

Because of the diversity in study populations, ethnicities, outcomes, number of SNPs tested and differences in statistical approach in the
studies, we will not perform a meta-analysis.

15b. PLANNED SUMMARY MEASURES

N/A

15¢. ADDITIONAL ANALYSES

N/A

15d. PLANNED TYPE OF SUMMARY

We will visualize the study quality by using the NOS star system as described in item 14 and present the difference between studiesin a
more descriptive/qualitative way.

16. META BIAS(ES)

Meta bias was evaluated in a descriptive manner.

17. CONFIDENCE IN CUMULATIVE EVIDENCE

Clinical validity (the robustness of the statistical association between a pharmacogenetic variant and outcome of drug therapy) and clinical
utility (a test’s health-care value) of the included articles was evaluated in a descriptive manner.”'®
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Research question:
pharmacogenetics of sunitinib in metastatic renal cell carcinoma

Search strategy

Together with a trained librarian, we performed a search in PubMed, Embase (OVID version), Web of Science, COCHRANE Library and CENTRAL.
The search consisted of the combination of three subjects:

Renal cell carcinoma

Tyrosine kinase inhibitors (e.g. sunitinib, sorafenib)

Pharmacogenetics

Search results

This search resulted in a total of 1511 references. After removing duplicates automatically, a total of 973 references were obtained d.d. 14-01-
2015, originating from:

PubMed: 680 [RefID 1-680]

Embase: 662, of which 256 unique [RefID 681-936]

Web of Science: 129, of which 35 unique [RefID 937-971]

COCHRANE: 20, of which 2 unique [RefID 972-973]

CENTRAL: 20, of which 0 unique

Afinal amount of 968 unique references were obtained after removing the following 5 extra duplicates manually:
Bielecka, 2014

Dabora, 2011

Joosten, 2015

Pecuchet, 2013

Wu, 2012
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Database Search Strategy Number of Number
references of unique
references
PubMed (“Carcinoma, Renal Cell”[Mesh] OR “renal cell carcinoma”[all fields] OR “renal tumor”[all fields] 680 680

OR“renal tumour”[all fields] OR “renal tumors”[all fields] OR “renal tumours”[all fields] OR
“RCC"[all fields] OR“mRCC”[all fields] OR “kidney cell carcinoma“[all fields] OR “kidney tumor”[all
fields] OR “kidney tumour”[all fields] OR “kidney tumors”[all fields] OR “kidney tumours”[all
fields] OR “renal cell adenocarcinoma”[all fields] OR “kidney cell adenocarcinoma“[all fields] OR
“Grawitz"[all fields]) AND (“Genetic Variation”[Mesh] OR “genetic”[all fields] OR “genetics”[all
fields] OR “genomics”[all fields] OR “genomic”[all fields] OR “genome”[all fields] OR “mutation”[all
fields] OR “mutations”[all fields] OR “allelic”[all fields] OR “Allele”[all fields] OR “alleles”[all fields]
OR“DNA"[all fields] OR “gene”[all fields] OR “genes”[all fields] OR “chromosome”[all fields] OR
“chromosomes”[all fields] OR “germ-line"[all fields] OR “germline”[all fields] OR “INDEL"[all fields]
OR“insertion”[all fields] OR “deletion”[all fields] OR “inversion”[all fields] OR “polymorphism”[all
fields] OR “polymorphisms”[all fields] OR “polymorfism”[all fields] OR “polymorfisms”[all fields]
OR“Genomic Structural Variation”[all fields] OR “Genomic Structural Variations”[all fields]
OR“DNA Copy Number Variations"[all fields] OR “DNA Copy Number Variation”[all fields] OR
“SNP"[all fields] OR “SNPs”[all fields] OR “nucleotide”[all fields] OR “nucleotides"[all fields]

OR “Genetics”[Mesh] OR “pharmacogenetic”[all fields] OR “pharmacogenetics”[all fields] OR
“hapmap”[all fields] OR “Pharmacogenetics”[Mesh] OR toxicogenetic*[all fields] OR “predictive
marker”[all fields] OR “predictive markers”[all fields] OR “predictive biomarkers[all fields] OR
“predictive biomarker”[all fields] OR “Genetic Markers”[Mesh] OR “Genetic Phenomena”[Mesh] OR
“GWAS"[all fields] OR “Genome-Wide Association Study”[Mesh] OR “Genome-Wide Association”[all
fields] OR “Genetic Association Studies”[Mesh]) AND (“sunitinib”[Supplementary Concept] OR
sunitinib*[all fields] OR “Sutent”[all fields] OR“SU 11248"[all fields] OR “SU11248"[all fields]
OR“SU-11248"[all fields] OR “Protein-Tyrosine Kinases/antagonists and inhibitors”[Mesh] OR
“tyrosine kinase inhibitor"[all fields] OR “Tyrosine kinase inhibitors”[all fields] OR“TKI"[all fields]
OR“SU011248"[all fields] OR “SU-011248"[all fields] OR“SU 011248"[all fields] OR “Receptors,
Vascular Endothelial Growth Factor”[Mesh] OR “vascular endothelial growth factor receptor”[all
fields] OR“VEGF"[all fields] OR“VEGFR"[all fields] OR “VEGF-R1"[all fields] OR“VEGF-R2"[all
fields] OR“VEGF-R3"[all fields] OR“VEGFR1"[all fields] OR“VEGFR2"[all fields] OR"VEGFR3"[all
fields] OR“PDGF"[all fields] OR “PDGFR"[all fields] OR “sorafenib”[Supplementary Concept] OR
“sorafenib”[All fields] OR “nexavar”[All fields] OR “BAY 545-9085"[All fields] OR “BAY-545-9085"[All
fields] OR“BAY 43-9006"[All fields] OR “BAY-43-9006"[All fields] OR “BAY 439006"[All fields] OR
“BAY43-9006"[All fields] OR “BAY439006"[All fields] OR “pazopanib”[Supplementary Concept]

OR “votrient”[All fields] OR “GW 786034B"[All fields] OR “GW786034B"[All fields] OR “GW-
786034B"[All fields] OR“GW 786034"[All fields] OR “GW786034"[All fields] OR “GW-786034"[All
fields] OR “axitinib”[Supplementary Concept] OR “inlyta”[All fields] OR “AG 013736"[All fields]
OR“AG013736"[All fields] OR “AG-013736"[All fields] OR “Angiogenesis Inhibitors”[Mesh] OR
“angiogenesis inhibitors”[All fields] OR “angiogenesis inhibitor”[All fields] OR “anti angiogenic”[All
fields] OR “anti-angiogenic”[All fields] OR “antiangiogenic"[All fields] OR “anti angiogenesis”[All
fields] OR “anti-angiogenesis”[All fields] OR “antiangiogenesis[All fields]) AND english[la] AND
(“2004/01/01"[PDAT] : “3000/12/31"[PDAT])
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Supplementary document 2: Continued

Database Search Strategy Number of Number
references of unique
references
Embase (“Kidney Carcinoma”/ OR “renal cell carcinoma”ti,ab OR “renal tumor”ti,ab OR “renal tumour”. 662 256
(OVID- ti,ab OR “renal tumors”ti,ab OR “renal tumours”.ti,ab OR “RCC"ti,ab OR “mRCC"ti,ab OR “kidney
version) cell carcinoma”ti,ab OR “kidney tumor”ti,ab OR “kidney tumour”ti,ab OR “kidney tumors”ti,ab OR

“kidney tumours”ti,ab OR “renal cell adenocarcinoma”ti,ab OR “kidney cell adenocarcinoma”ti,ab
OR“Grawitz"ti,ab) AND (*"Genetic Variability”/ OR “genetic”ti,ab OR “genetics”ti,ab OR “genomics”.
ti,ab OR “genomic”ti,ab OR “genome”ti,ab OR “mutation”ti,ab OR “mutations”ti,ab OR “allelic"ti,ab
OR“Allele"ti,ab OR “alleles”ti,ab OR “DNA"ti,ab OR “gene”ti,ab OR “genes”ti,ab OR “chromosome”.
ti,ab OR “chromosomes”ti,ab OR “germ-line”ti,ab OR “germline”ti,ab OR “INDEL"ti,ab OR “insertion”.
ti,ab OR “deletion”ti,ab OR “inversion”ti,ab OR exp *genetic polymorphism/ OR “polymorphism’”.
ti,ah OR “polymorphisms”ti,ab OR “polymorfism”ti,ab OR “polymorfisms”ti,ab OR “Genomic
Structural Variation”ti,ab OR “Genomic Structural Variations”ti,ab OR *"Copy Number Variation”/
OR“DNA Copy Number Variations"ti,ab OR“DNA Copy Number Variation”ti,ab OR “SNP"ti,ab OR
“SNPs"ti,ab OR “nucleotide”ti,ab OR “nucleotides”ti,ab OR exp *"Genetics"/ OR “pharmacogenetic”.
ti,ab OR “pharmacogenetics”ti,ab OR “hapmap”ti,ab OR exp *”Pharmacogenetics’/ OR
toxicogenetic*.ti,ab OR “predictive marker”ti,ab OR “predictive markers"ti,ab OR “predictive
biomarkers”ti,ab OR “predictive biomarker”ti,ab OR exp *”Genetic Marker”/ OR “GWAS"ti,ab OR
“Genome-Wide Association”ti,ab OR exp *"Genetic Association”/) AND (*sunitinib”/ OR sunitinib*.
ti,ab OR “Sutent"ti,ab OR“SU 11248"ti,ab OR“SU11248"ti,ab OR“SU-11248"ti,ab OR exp *"protein
tyrosine kinase inhibitor”/ OR “tyrosine kinase inhibitor”ti,ab OR “Tyrosine kinase inhibitors"ti,ab
OR“TKI"ti,ab OR“SU011248"ti,ab OR“SU-011248"ti,ab OR “SU 011248"ti,ab OR *vasculotropin
receptor/ OR “vascular endothelial growth factor receptor”ti,ab OR “VEGF"ti,ab OR “VEGFR"ti,ab
OR“VEGF-R1"ti,ab OR “VEGF-R2"ti,ab OR “VEGF-R3"ti,ab OR “VEGFR1"ti,ab OR “VEGFR2"ti,ab OR
“VEGFR3"ti,ab OR“PDGF"ti,ab OR “PDGFR"ti,ab OR *"sorafenib”/ OR “sorafenib”ti,ab OR “nexavar”.
ti,ab OR“BAY 545-9085"i,ab OR “BAY-545-9085"ti,ab OR “BAY 43-9006"ti,ab OR “BAY-43-9006".
ti,ab OR“BAY 439006"ti,ab OR “BAY43-9006"ti,ab OR “BAY439006"ti,ab OR *"pazopanih”/ OR
“votrient"ti,ab OR “GW 786034B"ti,ab OR “GW786034B"ti,ab OR “GW-786034B"ti,ab OR “GW
786034"ti,ab OR “GW786034"ti,ab OR “GW-786034"ti,ab OR *"axitinib”/ OR “inlyta”ti,ab OR “AG
013736"ti,ab OR“AG013736"1i,ab OR “AG-013736"1i,ab OR exp *"Angiogenesis Inhibitor”/ OR
“angiogenesis inhibitors"ti,ab OR “angiogenesis inhibitor"ti,ab OR “anti angiogenic”ti,ab OR “anti-
angiogenic”ti,ab OR “antiangiogenic”ti,ab OR “anti angiogenesis”ti,ab OR “anti-angiogenesis"ti,ab
OR“antiangiogenesis”ti,ab) NOT conference abstract.pt AND english.la AND (2004 OR 2005 OR
2006 OR 2007 OR 2008 OR 2009 OR 201%).yr
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Supplementary document 2: Continued

Database

Search Strategy Number of Number
references of unique
references

Web of
Science

(TI=("Kidney Carcinoma” OR “renal cell carcinoma” OR “renal tumor” OR “renal tumour” OR “renal 129 35
tumors” OR “renal tumours” OR“RCC” OR “mRCC” OR “kidney cell carcinoma” OR “kidney tumor” OR
“kidney tumour” OR “kidney tumors” OR “kidney tumours” OR “renal cell adenocarcinoma” OR “kidney
cell adenocarcinoma” OR “Grawitz") AND TS=("Genetic Variability” OR “genetic” OR “genetics” OR
“genomics” OR “genomic” OR “genome” OR “mutation” OR “mutations” OR “allelic” OR “Allele” OR
“alleles” OR“DNA”" OR “gene” OR “genes” OR “chromosome” OR “chromosomes” OR “germ-line” OR
“germline” OR“INDEL" OR “insertion” OR “deletion” OR “inversion” OR genetic polymorphism OR
“polymorphism” OR “polymorphisms” OR “polymorfism” OR “polymorfisms” OR “Genomic Structural
Variation” OR “Genomic Structural Variations” OR “Copy Number Variation” OR “DNA Copy Number
Variations” OR “DNA Copy Number Variation” OR “SNP” OR “SNPs” OR “nucleotide” OR “nucleotides”
OR“Genetics” OR “pharmacogenetic” OR “pharmacogenetics” OR “hapmap” OR “Pharmacogenetics”
OR toxicogenetic* OR “predictive marker” OR “predictive markers” OR “predictive biomarkers” OR
“predictive biomarker” OR “Genetic Marker” OR “GWAS" OR “Genome-Wide Association” OR “Genetic
Association”) AND TI=("sunitinib” OR sunitinib* OR“Sutent” OR“SU 11248" OR“SU11248" OR
“SU-11248" OR “protein tyrosine kinase inhibitor” OR “tyrosine kinase inhibitor” OR “Tyrosine kinase
inhibitors” OR“TKI" OR“SU011248" OR“SU-011248" OR“SU 011248" OR vasculotropin receptor OR
“vascular endothelial growth factor receptor” OR “VEGF” OR “VEGFR” OR “VEGF-R1” OR “VEGF-R2"
OR"VEGF-R3" OR“VEGFR1” OR“VEGFR2" OR “VEGFR3" OR“PDGF” OR “PDGFR" OR “sorafenib” OR
“sorafenib” OR “nexavar” OR “BAY 545-9085" OR “BAY-545-9085" OR “BAY 43-9006" OR “BAY-43-
9006” OR“BAY 439006" OR “BAY43-9006" OR “BAY439006" OR “pazopanib” OR “votrient” OR “GW
786034B" OR“GW786034B” OR “GW-786034B" OR “GW 786034 OR “GW786034" OR“GW-786034"
OR“axitinib” OR “inlyta” OR “AG 013736" OR “AG013736" OR “AG-013736" OR “Angiogenesis Inhibitor”
OR“angiogenesis inhibitors” OR “angiogenesis inhibitor” OR “anti angiogenic” OR “anti-angiogenic”
OR"antiangiogenic” OR “anti angiogenesis” OR “anti-angiogenesis” OR “antiangiogenesis”)) AND
la=english AND py=(2004 OR 2005 OR 2006 OR 2007 OR 2008 OR 2009 OR 2010 OR 2011 0R 2012
0R 2013 OR 2014 OR 2015) NOT meeting abstracts

COCHRANE
Library

((“Kidney Carcinoma” OR “renal cell carcinoma” OR “renal tumor” OR “renal tumour” OR “renal 20 2
tumors” OR “renal tumours” OR “RCC” OR “mRCC” OR “kidney cell carcinoma” OR “kidney tumor”
OR"“kidney tumour” OR “kidney tumors” OR “kidney tumours” OR “renal cell adenocarcinoma” OR
“kidney cell adenocarcinoma” OR “Grawitz”) AND (“Genetic Variability” OR “genetic” OR “genetics”

OR “genomics” OR “genomic” OR “genome” OR “mutation” OR “mutations” OR “allelic” OR “Allele” OR
“alleles” OR“DNA” OR “gene” OR “genes” OR “chromosome” OR “chromosomes” OR “germ-line” OR
“germline” OR“INDEL" OR “insertion” OR “deletion” OR “inversion” OR genetic polymorphism OR
“polymorphism” OR “polymorphisms” OR “polymorfism” OR “polymorfisms” OR “Genomic Structural
Variation” OR “Genomic Structural Variations” OR “Copy Number Variation” OR “DNA Copy Number
Variations” OR “DNA Copy Number Variation” OR “SNP” OR “SNPs” OR “nucleotide” OR “nucleotides”
OR“Genetics” OR “pharmacogenetic” OR “pharmacogenetics” OR “hapmap” OR “Pharmacogenetics”
OR toxicogenetic* OR “predictive marker” OR “predictive markers” OR “predictive biomarkers” OR
“predictive biomarker” OR “Genetic Marker” OR “GWAS” OR “Genome-Wide Association” OR “Genetic
Association”) AND (“sunitinib” OR sunitinib* OR “Sutent” OR“SU 11248” OR“SU11248" OR “SU-11248"
OR“protein tyrosine kinase inhibitor” OR “tyrosine kinase inhibitor” OR “Tyrosine kinase inhibitors”
OR“TKI"OR“SU011248" OR“SU-011248" OR“SU 011248" OR vasculotropin receptor OR “vascular
endothelial growth factor receptor” OR“VEGF” OR “VEGFR" OR “VEGF-R1” OR “VEGF-R2" OR “VEGF-R3"
OR"“VEGFR1”OR“VEGFR2" OR “VEGFR3" OR “PDGF” OR “PDGFR" OR “sorafenib” OR “sorafenib” OR
“nexavar” OR “BAY 545-9085" OR “BAY-545-9085" OR “BAY 43-9006" OR “BAY-43-9006" OR “BAY
439006 OR “BAY43-9006" OR “BAY439006" OR “pazopanib” OR “votrient” OR “GW 786034B” OR
“GW786034B" OR“GW-786034B" OR“GW 786034" OR “GW786034" OR “GW-786034" OR “axitinib”
OR“inlyta” OR“AG 013736" OR“AG013736" OR “AG-013736" OR “Angiogenesis Inhibitor” OR
“angiogenesis inhibitors” OR “angiogenesis inhibitor” OR “anti angiogenic” OR “anti-angiogenic” OR
“antiangiogenic” OR “anti angiogenesis” OR “anti-angiogenesis” OR “antiangiogenesis”))
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Supplementary document 2: Continued

Database Search Strategy

Number of
references

Number
of unique
references

CENTRAL  ((“Kidney Carcinoma” OR “renal cell carcinoma” OR “renal tumor” OR “renal tumour” OR “renal
tumors” OR “renal tumours” OR “RCC” OR “mRCC” OR “kidney cell carcinoma” OR “kidney tumor”
OR“kidney tumour” OR “kidney tumors” OR “kidney tumours” OR “renal cell adenocarcinoma” OR
“kidney cell adenocarcinoma” OR “Grawitz") AND (“Genetic Variability” OR “genetic” OR “genetics”
OR“genomics” OR “genomic” OR “genome” OR “mutation” OR “mutations” OR “allelic” OR “Allele”
OR“alleles” OR “DNA" OR “gene” OR “genes” OR “chromosome” OR “chromosomes” OR “germ-line”
OR“germline” OR “INDEL" OR “insertion” OR “deletion” OR “inversion” OR genetic polymorphism OR
“polymorphism” OR “polymorphisms” OR “polymorfism” OR “polymorfisms” OR “Genomic Structural
Variation” OR “Genomic Structural Variations” OR “Copy Number Variation” OR “DNA Copy Number
Variations” OR“DNA Copy Number Variation” OR “SNP” OR “SNPs” OR “nucleotide” OR “nucleotides”
OR “Genetics” OR “pharmacogenetic” OR “pharmacogenetics” OR “hapmap” OR “Pharmacogenetics”
OR toxicogenetic* OR “predictive marker” OR “predictive markers” OR “predictive biomarkers” OR
“predictive biomarker” OR “Genetic Marker” OR “GWAS” OR “Genome-Wide Association” OR “Genetic
Association”) AND (“sunitinib” OR sunitinib* OR “Sutent” OR“SU 11248" OR“SU11248" OR“SU-
11248” OR “protein tyrosine kinase inhibitor” OR “tyrosine kinase inhibitor” OR “Tyrosine kinase
inhibitors” OR “TKI” OR “SU011248" OR “SU-011248" OR“SU 011248" OR vasculotropin receptor OR
“vascular endothelial growth factor receptor” OR “VEGF” OR “VEGFR" OR “VEGF-R1” OR “VEGF-R2"
OR“VEGF-R3”OR“VEGFR1”OR“VEGFR2" OR “VEGFR3" OR “PDGF” OR “PDGFR" OR “sorafenib” OR
“sorafenib” OR “nexavar” OR “BAY 545-9085" OR “BAY-545-9085" OR “BAY 43-9006" OR “BAY-43-
9006" OR “BAY 439006" OR “BAY43-9006" OR “BAY439006" OR “pazopanib” OR “votrient” OR “GW
786034B" OR “GW786034B" OR “GW-786034B" OR “GW 786034" OR “GW786034" OR “GW-786034"
OR“axitinib” OR “inlyta” OR “AG 013736" OR “AGO13736" OR “AG-013736" OR “Angiogenesis
Inhibitor” OR “angiogenesis inhibitors” OR “angiogenesis inhibitor” OR “anti angiogenic” OR
“anti-angiogenic” OR “antiangiogenic” OR “anti angiogenesis” OR “anti-angiogenesis” OR
“antiangiogenesis”))

20

0

Total

973

58



icreview

Systemat

wo'0=d S08-0°'L  68°THH uoissaidxa £N797
870°0=d 66'0-5L'0  6€°0:4H uoissaidxa ugajoid yz4|H
7600°0=d 8TL-EV'L  6TYHUH S0 uoissaidxa utjosd Y493\
10'0=d 78°0-0C0  €07°0:4H Sid uoissaidxa ufR101d €4493A
920'0=d 89'0-2000  ¥0°0:4H uoissaidxa utjoid gy490d

¥20°0=d SL0-L100 LL'0°4H asuodsal analgo uoissaidxa ugjoid yz4|H b)) ueadoung Apsow 19 NNS  [05] €107 /v Ja seuoq-ediey
L£20°0=d y8'€-80'L  YOTYH Sdd uoissaidxa y§)X)
5000°0=d buipesb uewnynq + uoissaidxa y4)X)

7920°0=d - asuodsal an1afq uoissaidxa y§)X) 2 Apsow (A1en) ny) Ajgeqoud 14 NNS [6v] 710 "0 12 011211Y,q
87 fepie L9 F LLL 03 jw/)T) 030 s112>

6010°0=d Ly + 0O oul|aseq woy asealbu] Sid [BI[2Y30pua bunie|noid Jo [9A3] N %808 (Kuewsn) ny) Alqeqosd 9 NNS  [8¥]0L0T 7012 pemuaniy
0°0=d SYevL 8'G4H NY S9L493A/LTL493A

70'0=d %6¢ asuodsay ‘(681 PuB g9L “LZL Sw0josl) 193\ b)) (duei) ) Algeqord € NNS [£¥]0L0T "0 12 3|ned

¥900°0=d 9£0-61'0  8€0:4H NY

£10°0=d 98°0-LT°0  T¥0'4H S4d €32133/723193 *SA 22423/ 210

S00°0=d asuodsay sadfygns sejmajow Jowiny 3§ N (wnibpg) ny) Algeqoid Lzl NNS  [9¥1 10T “IpJa ypulfasnag

(3uab £341) adfagns DY uonedojsuel}
YN asuodsay [ea1bojoysiy uonedosuesn z'LLdy L1 udy} ‘sisoubelp 1siy uo ) (sn) v Aiqeqoxd L NNS [S¥1600 "0 12 Lianoy)
azIs syuaned
anjea-d D%S6 P jutodpua £pnis si9)4ewolq payenossy ad£} snown) fpuyrp J0°oN DL 1eaf “Joyany Isa14

*S10Z 01 6007 WOJ) DDYW Ul SWODINO0 JUSWIRIL ML YHM (SO'0Sd) SUOIIRIDOSSE 13¥4ewolq dNS-Uou palioday € yuswndop A1ejuswajddng

59



Chapter 2

600°0=d Sid uoissaIdxa yq)/e-4NL
£00°0=d S0
ain|iey
800°0=d - uawieal} 03 awi] uoissaidxa yy () b)) dvr Aiqeqoud 14 NNS [SST¥L0T 10 J2 1wy
sase)sejaul deanued
Y/N asuodsal + SIyJeW uLDOpUI0IN3U b)) (K1ey) ny) Ajqeqod l NNS [#S14107 " 32 1uiquiey
00=d SO'LZ-STL  ELSHH S0 (SZZLA-4axd) yay [€51¥107
10'0=d EU6L—6v'L  SESHH Sid  parejfioydsoyd :uoissaudxa uajod ) (uteds)ny) Agegoid € NS “IpJ2 opeadN-onang [9p
auljaseq
12(Q4/S A Yd z-aseurdjoidojjeraw
LT£0°0=d /9) XUJeW dulfaseq
£610°0=d - asuodsal [[e1an0 153 z-unaiodoibue auijseq
1¥€0°0=d YETE0L  SSLEH Sid DL-4IH Dyw N %88 6 NNS [€€17L0T "0 12 J9TI0W
1087°0=24 YAW
9900°0=d Sdd
Sv€0°0=d S0
1000°0>d apeib uewyn4
1000°0=d abeys yry
" 0000=d T by
10000>d ~abes | ibojotpeg sa1dh NI 2 %28 o 05 Nns (251 £10¢ ‘1012 0tes
910°0=d uoIssaIdxa 403 |92 [e1jayiopul
¥00°0=d (3103s-H) bulureys {937
S710°0=d 0] uoIssaIdxa 403 |92 Jnown}
w0'0=d (S4W@) eAIAINS 31y (91005-H) buutels 493
L£0°0=d - sisejsejaul Juesip uoissaidxa 493A 1[92 [e1jayiopu3 b)) ueadoin3 £jqeqoid 1y NNS [16] £L0Z “Ip 32 1preury
azls sjuaned
anjea-d D%S6 133 jutodpua £pnig sia)dewolq pajenossy adfy inown] fpuyre J0oN ML J1eaf “1oyany 1514

panuiuo) :g Jusawndop Atejusawajddng

60



Systematic review

ainjeubis [euondudsuel) el 4|H(E
Ansiwayposiyounwiwi

61

BZ4IH U3 BLIH(Z Jewolq)
suoneposse Jueaylubis oy auab THA(L b)) nv) Aqeqoid 144 JAL) [09] €107 70 J2 11an0Y)
7£00°0=d UR)SISAI qIuuNS Tr6-4Iw
9€00°0=d F8y-YNYoDIW
7600°0=d eECL-YNYoDIW
1910°0=d dg-879-yNyonIW
T, (3ue3sisal)
60000=d SO Tr6-YNYoDIW o=
1000°0=d ¥87-YNYoDIW aAnisuas
€510°0=d eECL-yYNYonIW quniuns)
0£20°0=d dg-879-yNyonIW bl=N
0£00°0=d - dll Tr6-YNYoDIW b)) (ureds) ny) Ajgeqoud 0T NNS [661 107 “IpJo old
2084
86000=d - -:plo4 Sdd LyL-YNyoDIW N (wnibppg) ny) Algegoid 0T NNS (851 €10T 10 J2 sidiag
7€0°0=d €96'0-191°0  S8E°0°4H Sid /=N :3y30 [£6]
#70°0=d 6£6'0-6L7°0 €97°0'4H S0 [apows aAIpaId YNy t ded ‘/z=N2) nv) Aqeqoid 8¢ NNS TL0T " 12 0204-z3Wen
900°0=d 950'8-vLy'L  SLEEUH 0449(d J0 Uoissaidxa-ounwiwy
500°0=d 699°0-0LL°0  LLTOYH S0 6Y) JO uoissaidxa-ounwiw|
£20°0=d 916'0-LZ7°0  9S¥°04H Sid DL-4H 0 oissaidxa-ounuiw|
¥00°0=d 191y 40 uoIssadxa-ounww|
L¥70°0=d 944904 Jo uoissaidxa-ounwiw|
100=d DY49(d JO uoIssaidxa-ounww|
8¢0°0=d syiuow 14493 J0 uoissaidxa-ounww|
120'0=d 6 Jayje asuodsay DL -4|H J0 uoissaidxa-ounwiwj
670'0=d syiuow L£QD J0 uoissaidxa-ounwiw|
¥€0°0=d - 9 J3Yye 3suodsay 6Y) J0 uoissaidxa-ounwiw| )  (Auewsdn) ny) Alqeqoud w NNS  [95] €107 “7v 32 yasnquioq
azls syuaned
anjea-d D%S6 P jutodpus Apns si9)4ewolq pajenossy adAy anown) JSTHITTITAE) Jo°oN ML J1eaf “oyany Isi14

panuiuo) :g Jusawndop Aiejuawajddng



Chapter 2

unejdsn

10°0>d - - d)UBSIsal qiuniuns (WYD-L7) 3ymajow pue NS
710°0=d 8'Lgy [eAInINS uoIsaype 123 1140 uoissaidx (0£7=U) %9°18=2)  (fuewan) ny) Aqeqoid 787 “unfweder  [59] 1107 ‘012 uIR1s1aqoq
50°0>d - - DUeISISA Gludjeios (e0E-Y1W) eOE-YNY 0DIW  (paybads jou adfygns) )y IH) Aqeqoid oL 405 [¥9] §L0Z ‘10 J2 budyz
(uorpau0
1U0LIJU0g
13ye) s9|dwes
5000=d - - asuodsar Jowny uj (YAIN) eale [assanoDIpy  (paynads ou adAigns) )y (vsn) nv) Aiqeqoud 9% 40S (€91 %107 ‘12 212y
8L0°0=d ¥ {33M [eAIAINS
810°0=d 91 Y93M [BAIAING
T4 71 }93M [RAIAING
%ovﬁ. ¥7)199M 3suodsay
00=d ~ oLypamasuodsay (Ayaeay oL
£000=d 71 99m dsuodsay SAyw gL)
6L0°0=d - 8 j2am asuodsay S|9A9] YN 9344 |97 BWISE|d ) IH) Ajqeqoid 8C 40S [29] €107 "0 Ja buay
[4R.EEL
900°0=d 12304 ewseyd L-dw1L
¢ oam
200'0=d sjond) utoud ewseyd [-dwiL
- 71)}93M pue ¢ Yaam (Tsv=N)
1000°0>d sfona] uaroad ewse|d 74493A ogare|d
C1’{33am pue "LSy=N)
1000°0>d - 3SN IU3JRI0S € Yaam S[ana| urajoid ewiseld 493A 2 Apsow (vsn) nv) Ajgeqoid €06 40S [1910L0T 10 }2 eUS4
azls syuanyed
anjea-d D%S6 P jutodpus Apnys s19)4ewolq pajenossy adAy anown) [STHITTITE) Jo°oN ML J1eaf “1oyany 1514

panuiuo) :g Jusawndop Atejusawajddng

62



Systematic review

aselajsueljoujwe
auluele =]y ‘asesdjsueljouiwe deyedse =] Sy {BAIAINS [|[IDAO=SQ ‘|BAIAINS d3Jj-UOIssaIboid=G4d ‘down} [eWOI}S [eullsaiulollseb=]G|D ‘ewourd
-1ed [|3D |eual |92 Je3|d=DD !asaueder=dy[ @sauiyd=|HD ‘uelseoned=nyD "VYA=qIUlle[eA HO4=qIu1}ai0} ‘AJG=qRWNZIdLAS] {|IXY=qIUl}IXe ‘YOS
-=q1uajeIos ‘Zy¥d=qiuedozed {NNS=QIUIIIUNS (7D JoqWaW 9113ssed Bulpulg d1Y=¢DDdV ‘1g Joquiaw 2119ssed Bulpuiq d1v=1gDgYV :Suolieinaiqqy

6119215157444

9810°0=d €0'LL-79L'L  8SEHH S0 "INV '01d ‘EIWYT NOWT
+OLX ‘SYN47 ‘STX) +Aesse auabnnw
96'5=d - - asuodsardibojoipey  uo paseq uonedyisse] disoubolq b)) uelsy 8 I¥d'NNS [2£]5L0C ‘42 fanypnoy)
L=N :2qoydowoi IXV ‘A9 [LL1vL0T
820°0=d - - 50 uonelfypw HAN  ‘L=N Aeejuded ‘9L=N ) - 8L '40S'NNS 10 32 efeysuimoiqng
£70°0=d 9'8-0L 6'CHH
¥00°0=d 092-9'L ¥'9°4H S0 snjeys uote|fyiaw L4y
110'0=d rEL-0el L'7HH (43n0uuey) 39 IXY
600°0=d 9TL-€'L L4 Sid snyels uonelfyraw 91<) 9%6°88=)) nv) Aqeqoid 8L "40S'NNS [0£1¥107 "Ip 12 19334
ogared
600°0=d L£0-870  SS0HH Sid 911 (paynadslou adfigns) )guw e ‘7¥d [691 7107 ‘012 vel|
19A9)
(ad 10 (45)-I9) Jo1oey bune|nuwns-Auojod XY
7100=d - - S shyd) asuodsay  abeydonew ayldojnuesd ewse|d 7=N:Asejded ‘L =N ) dvr figeqod €L '40S'NNS  [89]¥L0T 102 epewey
S0°0>d €@ JO S|pA3]
S0°0>d ad L9-D1JOS[PA3)
S0°0>d £91)
a apeub Jowny uewuyny
% S|95S9A Ul uOIssaIdxa Joydadal [
% 7-494 d1wsedoyfd uy aseanuy
T S00>d uoissaidea ¢4x04
43 uoissaidxa |-1ad
00> uoissaidxa y9s-oydsoyd (wnibjag 1o ¥n) NY)
T S00>d L0 3sn (L€D) Auisuap [assan b)) [1e Ajgegoud ng “y/N S8 Zv¥dIONNS [£91 €L0Z ‘03 3deys
S0°0>d S0 DN4I
1000°0>d - asuodsay S|9AS| YNYW ZYYNAI ) dvr 99 +40S [99] LL0Z /04 eAning
azls sjuanyed
anjea-d D%S6 PP jutodpua £pnis s1d)dewolq pajenossy adfy inown] fpruyre Jo"oN ML 1e3f “loyany 15114

panuiuo) :g Jusawndop Atejusawajddng

63



