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WHICH BIOMARKERS CAN BE USED FOR PREDICTION?

• baseline marker (pre-therapeutic)  
• TNM 
• IMDC 
• molecular marker (PBRM1, BAP1) 
• Immunogenicity (PD-L1, CD8 cells) 
• histology 

• on-treatment marker  
• CT changes (RECIST) 
• serum marker 



DEFINITIONS
Marker can be predictive, prognostic or both

Predictive 
• correlates with therapeutic outcome (PFS)

good 532 Pat.
Intermediate 606 Pat.
Poor 181 Pat.
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DEFINITIONS
Marker can be predictive, prognostic or both

Prognostic 
• correlates with overall survival (OS) upon 

standard intervention

Predictive 
• correlates with therapeutic outcome (PFS)

Heng D Y et al. JCO 2009;27:5794-5799

good 532 Pat.
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ESTABLISHED CLINICAL PROGNOSTIC PARAMETERS
Clinical and laboratory parameters are standard prognostic factors
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METASTATIC CLEAR CELL RCC ARE GENETICALLY DIVERS
Molecular analyses may define genetic subgroups

Beuselinck, B. et al. Molecular subtypes of clear cell renal cell carcinoma are associated with sunitinib response in the metastatic setting. 21, 1329–1339 (2015).

IL10 as well as inhibitory receptors LAG3 and PD-1 (PDCD1) and
PD-1 ligands PD-L1 and PD-L2 were also highly expressed (Sup-
plementary Fig. S1). These results suggest that ccrcc4 tumors
display a strong inflammatory, Th1-oriented but suppressive
immune microenvironment. We then assessed the expression of
immune population-specific transcripts using gene signatures
previously published (Supplementary Fig. S2; ref. 21). ccrcc4
samples contained high amounts of B, T, and cytotoxic cells-
specific transcripts, but not of natural killer cells–specific tran-
scripts, suggesting that the cytotoxic signature in ccrcc4 is mostly
due to CD8þ T-cell infiltration. We analyzed 46 samples by
immunohistochemistry and confirmed a high infiltration of
CD8þ cells in ccrcc4 tumors (Supplementary Fig. S3). Sample
contamination with diploid cells was estimated to be slightly
higher in ccrcc4 tumors, which could reflect immune infiltration
(Supplementary Fig. S5C).

Overall, 45% of the tumors were VHL-mutated and 32%
PBRM1-mutated. Whereas rare mutations in VHL and PBRM1
were found in ccrcc4 tumors, they were frequent in ccrcc1 and
ccrcc2 tumors but without relationship with sunitinib response
(Fig. 4A and Table 2).

At a global methylation level, ccrcc1/ccrcc4 tumors showed
more hypermethylated probes in CpG islands compared with
the other subtypes (Supplementary Fig. S4A). Pathway
analysis of the related hypermethylated genes showed a
strong enrichment of polycomb targets (hypergeometric test,

P < 8e–147), and corresponding genes (PRC2, SUZ12, and
H3K27m3) were found downexpressed (Supplementary Fig.
S4B), suggesting a stem-cell phenotype for these two subtypes.
The ccrcc1/ccrcc4 subtypes were indeed less differentiated,
displaying 76% of Fuhrman grade 4 compared with 56% in
ccrcc2/ccrcc3 tumors.

The ccrcc4 subtype showed several characteristic copy-num-
ber aberrations, the most significant being 2p12, 2p22.3, and
8q21.13 amplifications (Fig. 4D; Supplementary Fig. S5; Sup-
plementary Table S9), and both ccrcc1 and ccrcc4 subtypes
overexpressed MYC targets (Fig. 4B). Amplification in the
upstream region of MYC was found in >40% of ccrcc1 and
ccrcc4 tumors compared with <22% in the other subtypes. Also,
a CpG island was hypomethylated in the body gene of MYC in
ccrcc1/ccrcc2/ccrcc4 tumors as compared with ccrcc3/NTs
(ANOVA P < 0.0001), suggesting that both DNA copy number
and methylation aberrations could contribute to MYC over-
expression in the ccrcc1 and ccrcc4 subtypes (Supplementary
Fig. S6).

Finally, the expression profile of ccrcc3 samples was similar to
that of NTs concerning metabolic pathways and transporter
activities, consistent with the cluster_3 described by Brannon and
colleagues (ref. 5; Fig. 4B). ccrcc3 tumors also showed a methyl-
ation profile similar to that of NTs (Supplementary Fig. S4C).
Despite the "normal-like" characteristics of ccrcc3 tumors, path-
ologic review confirmed the tumoral nature of these samples and

Figure 2.
Identification of four robust subgroups
through an unsupervised consensus
clustering analysis of expression data.
A, coclassification matrix of the 59
RCC samples. Blue ¼ low
coclassification and red ¼ high
coclassification. B, sample partition for
K¼ 2 clusters toK¼4 clusters. C, gene
expression profile heatmap of the
most variant probe sets ordered by
subtype. Blue ¼ low expression level
and red ¼ high expression level.
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their clear cell histology. The ccrcc2 subtype was not characterized
by specific pathways; it always showed an intermediate expression
signature, comprised between ccrcc3 and ccrcc1/ccrcc4–related
profiles (Fig. 4B). ccrcc2 tumors showed the highestmutation rate
for VHL. In ccrcc2 tumors, the "cellular response to hypoxia"
pathway was less activated than in the ccrcc1/ccrcc4 subtypes
(Fig. 4B).

Based on these molecular characteristics, we renamed our
subtypes as follows: ccrcc1 ¼ "c-myc-up," ccrcc2 ¼ "classical,"
ccrcc3 ¼ "normal-like," and ccrcc4 ¼ "c-myc-up and immune-
up"(Table 2).

Validation using the TCGA dataset
We further predicted our four subtypes in the public TCGA

samples (Supplementary Fig. S7; ref. 6)with our 35-gene classifier
(Supplementary Table S6). Like in our series, ccrcc3 tumors
showed "normal-like" transcriptome and methylome profiles.

Somatic PBRM1 mutations were most frequently identified in
ccrcc1/ccrcc2 tumors but rarely found in ccrcc3/ccrcc4 tumors. In
both series, somatic VHL mutations were more frequently dis-
tributed in ccrcc1/ccrcc2 tumors. The BAP1 and SETD2mutations
(data not available in our series) also showed association with the
molecular subtypes: BAP1wasmostmutated in the ccrcc4 tumors
(P value ¼ 0.0098) and SETD2 was most mutated in the ccrcc1
tumors (P value ¼ 0.06). At a methylation level, in the TCGA
samples, ccrcc1/ccrcc4 tumors also showed more hypermethy-
lated probes in CpG islands compared with the other subtypes.
Pathways involved in immune response and mitotic cell cycle
were activated in ccrcc4 tumors, meanwhile in ccrcc3 tumors,
pathways involved in hypoxia were not activated. Finally, in the
TCGA cohort, 2p11.2, 8q12.1, and 8q24.3 amplifications were
mostly found in ccrcc1/ccrcc4 tumors. Supplementary Fig. S8
shows the survival analysis according to our classification:
ccrcc2/ccrcc3 tumors display the best survival, ccrcc1 tumors an

Figure 3.
Correlation of the four molecular
subgroups andoutcomeon sunitinib in
the metastatic setting. A, association
of sunitinib response with the
unsupervised subgroups ccrcc1 to
ccrcc4 (left) and the Brannon
subgroups (right). The P values result
from Fisher exact tests. B, association
of the four unsupervised subgroups
with PFS (left) and OS (right). Log-
rank P values are on the top right.
C, forest plots of the multivariate Cox
models for PFS and OS.
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GOOD RISK RCC HAVE A DISTINCT BIOLOGY 
Selection of VEGF-driven tumors

Heng et al. (2009). JCO, 27(34), 5794–5799.

nephrectomy, and a time from initial diagnosis (including original
localized disease) to treatment of less than 1 year. Laboratory features
that were associated with poor OS included anemia, hypercalcemia,
neutrophilia, thrombocytosis, and elevated LDH. Non–clear cell his-
tology and the presence of sarcomatoid features on pathology also
were associated with poor OS. Of note, there were no differences in OS
when patients receiving VEGF-targeted therapy first- or second-line
(P ! .726) were compared or when patients receiving sunitinib, sor-
afenib, or bevacizumab (P ! .764) were compared.

Multivariable Analysis
In the resulting Cox proportional hazards model (Table 3), four

of the five adverse prognostic factors previously identified by
MSKCC13—hemoglobin less than the LLN (P " .0001), serum cor-
rected calcium greater than the ULN (P ! .0006), Karnofsky perfor-
mance status less than 80% (P" .0001) and time from initial diagnosis
to initiation of therapy of less than 1 year (P ! .0098)—were indepen-
dent predictors of short survival. Additionally, absolute neutrophil
count greater than ULN (P " .0001) and platelets greater than ULN
(P ! .0121) were independent adverse prognostic factors. None of the
six variables violated the proportional hazards assumption.

According to these six prognostic factors, patients were segre-
gated into three risk categories. In this study, patients with zero
adverse factors were in the favorable-risk category (n ! 133;
22.7%) in which a median OS was not reached and a 2-year OS was
75% (95% CI, 65% to 82%). Patients with one or two adverse factors
were in the intermediate-risk category (n ! 301; 51.4%), in which a
median OS was 27 months and a 2-year OS was 53% (95% CI, 46% to
59%). Finally, those patients with three to six adverse factors were in
the poor-risk category (n ! 152; 25.9%), in which a median OS was
8.8 months and a 2-year OS was 7% (95% CI, 2% to 16%). The
Kaplan-Meier curves depicting these three risk categories are shown in
Figure 2.

Bootstrap Validation and Model Checking
The stepwise Cox regression procedure was employed with each

of the 300 random bootstrap samples with the same selection criteria
as the original modeling. The frequency of each variable that was
included in the resulting models was very high (Appendix Table A1,
online only). The regression parameters and hazard ratios produced
from the 300 bootstrap samples (Table 4) were remarkably similar to

the original model, which suggests excellent internal validation.
The biased-corrected C-index of this model was 0.73 by a boot-
strap procedure.

Because of the clinical importance of the type of VEGF-targeted
therapy used and whether it was used first- or second-line therapy, the
model was evaluated in these specific patient populations separately.
The C-indexes of the model with the six risk factors, when applied to
these specific populations, ranged from 0.70 (patients on sorafenib) to
0.77 (patients on sunitinib). Additionally, the parameter estimates of
each of the six variables after stratifying for the type of therapy and the
line of therapy were similar to those of the original model (Appendix
Tables A2 and A3, online only).

DISCUSSION

VEGF-targeted therapies have created a new environment for clinical
trials development and patient care in patients with metastatic RCC.
Contemporary prognostic models are required to better stratify pa-
tients in clinical trials, to provide relevant clinical information to
patients receiving therapy, and to facilitate risk-directed treatment
selection in clinical practice.

Table 3. Multivariable Analysis and Final Model

Parameter
Parameter

Estimate # SE
Hazard
Ratio 95% CI P

Clinical
KPS " 80% 0.92 # 0.14 2.51 1.92 to 3.29 " .0001
Time from diagnosis to

treatment " 1 year 0.35 # 0.13 1.42 1.09 to 1.84 .0098
Laboratory

Hemoglobin " LLN 0.54 # 0.14 1.72 1.31 to 2.26 .0001
Calcium $ ULN 0.59 # 0.17 1.81 1.29 to 2.53 .0006
Neutrophil count $ ULN 0.88 # 0.17 2.42 1.72 to 3.39 " .0001
Platelet count $ ULN 0.40 # 0.16 1.49 1.09 to 2.03 .0121

NOTE. Total number of patients ! 564.
Abbreviations: SE, standard error; KPS, Karnofsky performance status; LLN,

lower limit of normal; ULN, upper limit of normal.
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Fig 2. Overall survival probability according to time after therapy initiation and
risk group.

Table 4. Bootstrap Parameter Means, Hazard Ratio Means, 95% CIs,
and Bias-Corrected C-Index

Parameter
Parameter

Bootstrap Mean

Hazard Ratio Bootstrap

Mean 95% CI

KPS " 80% 0.94265 2.594 1.86 to 3.33
Time from diagnosis to

treatment " 1 year 0.36361 1.452 1.07 to 1.84
Hemoglobin " LLN 0.54652 1.744 1.27 to 2.22
Calcium $ ULN 0.61659 1.893 1.11 to 2.68
Neutrophils $ ULN 0.87723 2.459 1.42 to 3.49
Platelets $ ULN 0.40522 1.524 0.99 to 2.06

NOTE. Bias-corrected C-index ! .73.
Abbreviations: KPS, Karnofsky performance status; LLN, lower limit of

normal; ULN, upper limit of normal.
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GOOD RISK RCC HAVE A DISTINCT BIOLOGY 
Selection of VEGF-driven tumors

Heng et al. (2009). JCO, 27(34), 5794–5799.
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neutrophilia, thrombocytosis, and elevated LDH. Non–clear cell his-
tology and the presence of sarcomatoid features on pathology also
were associated with poor OS. Of note, there were no differences in OS
when patients receiving VEGF-targeted therapy first- or second-line
(P ! .726) were compared or when patients receiving sunitinib, sor-
afenib, or bevacizumab (P ! .764) were compared.

Multivariable Analysis
In the resulting Cox proportional hazards model (Table 3), four

of the five adverse prognostic factors previously identified by
MSKCC13—hemoglobin less than the LLN (P " .0001), serum cor-
rected calcium greater than the ULN (P ! .0006), Karnofsky perfor-
mance status less than 80% (P" .0001) and time from initial diagnosis
to initiation of therapy of less than 1 year (P ! .0098)—were indepen-
dent predictors of short survival. Additionally, absolute neutrophil
count greater than ULN (P " .0001) and platelets greater than ULN
(P ! .0121) were independent adverse prognostic factors. None of the
six variables violated the proportional hazards assumption.

According to these six prognostic factors, patients were segre-
gated into three risk categories. In this study, patients with zero
adverse factors were in the favorable-risk category (n ! 133;
22.7%) in which a median OS was not reached and a 2-year OS was
75% (95% CI, 65% to 82%). Patients with one or two adverse factors
were in the intermediate-risk category (n ! 301; 51.4%), in which a
median OS was 27 months and a 2-year OS was 53% (95% CI, 46% to
59%). Finally, those patients with three to six adverse factors were in
the poor-risk category (n ! 152; 25.9%), in which a median OS was
8.8 months and a 2-year OS was 7% (95% CI, 2% to 16%). The
Kaplan-Meier curves depicting these three risk categories are shown in
Figure 2.

Bootstrap Validation and Model Checking
The stepwise Cox regression procedure was employed with each

of the 300 random bootstrap samples with the same selection criteria
as the original modeling. The frequency of each variable that was
included in the resulting models was very high (Appendix Table A1,
online only). The regression parameters and hazard ratios produced
from the 300 bootstrap samples (Table 4) were remarkably similar to

the original model, which suggests excellent internal validation.
The biased-corrected C-index of this model was 0.73 by a boot-
strap procedure.

Because of the clinical importance of the type of VEGF-targeted
therapy used and whether it was used first- or second-line therapy, the
model was evaluated in these specific patient populations separately.
The C-indexes of the model with the six risk factors, when applied to
these specific populations, ranged from 0.70 (patients on sorafenib) to
0.77 (patients on sunitinib). Additionally, the parameter estimates of
each of the six variables after stratifying for the type of therapy and the
line of therapy were similar to those of the original model (Appendix
Tables A2 and A3, online only).

DISCUSSION

VEGF-targeted therapies have created a new environment for clinical
trials development and patient care in patients with metastatic RCC.
Contemporary prognostic models are required to better stratify pa-
tients in clinical trials, to provide relevant clinical information to
patients receiving therapy, and to facilitate risk-directed treatment
selection in clinical practice.

Table 3. Multivariable Analysis and Final Model

Parameter
Parameter

Estimate # SE
Hazard
Ratio 95% CI P

Clinical
KPS " 80% 0.92 # 0.14 2.51 1.92 to 3.29 " .0001
Time from diagnosis to

treatment " 1 year 0.35 # 0.13 1.42 1.09 to 1.84 .0098
Laboratory

Hemoglobin " LLN 0.54 # 0.14 1.72 1.31 to 2.26 .0001
Calcium $ ULN 0.59 # 0.17 1.81 1.29 to 2.53 .0006
Neutrophil count $ ULN 0.88 # 0.17 2.42 1.72 to 3.39 " .0001
Platelet count $ ULN 0.40 # 0.16 1.49 1.09 to 2.03 .0121

NOTE. Total number of patients ! 564.
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Rini et al. ESMO 2018: LBA31

∆ good vs. interm./poor risk (%) P-value

HIF2a +57 0.03

VEGFA +67 0.07

VEGFR-1 +100 0.02

VEGFR-2 +128 0.009

VEGFR-3 +52 0.03

Beuselinck et al. ESMO 2018: 869PD



QUALITY OF RESPONSE DIFFERS BETWEEN TKI AND PD-1 INHIBITOR
Risk stratification is key for treatment strategy 

875P Characterization of Response to Nivolumab Plus Ipilimumab or Sunitinib in Patients With Previously 
Untreated Advanced Renal Cell Carcinoma: CheckMate 214
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Conclusions
•	 At 3 years of follow-up in CheckMate 214, ORR per investigator was significantly 

higher with NIVO+IPI compared with SUN in patients with intermediate/poor-risk 
aRCC

•	 Responses to NIVO+IPI were more likely to be complete responses, and were more 
durable than responses to SUN in both intermediate/poor-risk and in favorable-risk 
patients

•	 Consistent with previous NIVO+IPI experience in metastatic melanoma, approximately 
one-third of patients with aRCC achieved or sustained a response to NIVO+IPI 
despite treatment discontinuation (see poster #874P for full characterization of 
outcomes in patients who discontinued therapy)

•	 PFS and OS were numerically longer in intermediate/poor-risk NIVO+IPI responders 
compared with SUN responders, and were similar in favorable-risk NIVO+IPI and 
SUN responders

•	 These longer-term follow-up data support the durability of response and survival 
benefit from NIVO+IPI in both intermediate/poor- and favorable-risk patients with 
previously untreated aRCC

Introduction
•	 In the phase 3 CheckMate 214 trial, at a minimum follow-up of 17.5 months, nivolumab 

+ ipilimumab (NIVO+IPI; N = 425) demonstrated superior objective response rate (ORR) 
and overall survival (OS) versus sunitinib (SUN; N = 422) in patients with International 
Metastatic Renal Cell Carcinoma Database Consortium (IMDC) intermediate/poor risk 
with advanced renal cell carcinoma (aRCC); NIVO+IPI was approved in this population  
by the US Food and Drug Administration on April 16, 20181–3 

•	 To better characterize patients who responded to NIVO+IPI versus SUN in  
CheckMate 214, we present an analysis based on 3-year follow-up

Methods
•	 In CheckMate 214, patients with previously untreated aRCC were randomly assigned  

1:1 to NIVO 3 mg/kg + IPI 1 mg/kg intravenously every 3 weeks for 4 doses then NIVO  
3 mg/kg intravenously every 2 weeks, or to sunitinib 50 mg orally once daily for 4 weeks 
on, 2 weeks off1

•	 ORR (per investigator) was assessed in IMDC intermediate/poor-risk and favorable-risk 
patients per Response Evaluation Criteria in Solid Tumors (RECIST) v1.1

•	 OS and progression-free survival (PFS; per investigator) were explored in IMDC 
intermediate/poor-risk and favorable-risk patients with complete response or partial 
response to NIVO+IPI versus SUN

•	 Safety outcomes included treatment-related adverse events (AEs) and treatment-related 
AEs leading to discontinuation

Results
•	 A total of 425 intermediate/poor-risk and 125 favorable-risk patients were randomized  

to NIVO+IPI; 422 intermediate/poor-risk and 124 favorable-risk patients were randomized 
to SUN

•	 At 30 months minimum follow-up, confirmed ORR (95% CI) per investigator in intermediate/ 
poor-risk patients was 41.9% (37.1–46.7) for NIVO+IPI versus 29.4% (25.1–34.0) for SUN; 
ORR in favorable-risk patients was 39.2% (30.6–48.3) for NIVO+IPI versus 50% (40.9–59.1) 
for SUN (Table	1) 

•	 Baseline demographic and clinical characteristics of responders to NIVO+IPI and SUN 
were generally similar

 – However, a higher proportion of intermediate/poor-risk NIVO+IPI responders had 
baseline tumor programmed death ligand 1 (PD-L1) expression ≥1% compared  
with intermediate/poor-risk SUN responders

•	 Median duration of treatment was 21.2 months among NIVO+IPI responders compared 
with 20.6 months among SUN responders 

 – Intermediate/poor-risk and favorable-risk responders to NIVO+IPI received similar 
numbers of NIVO+IPI induction doses (median of 4 in both) and NIVO maintenance 
doses (intermediate/poor risk, median of 43; favorable risk, median of 42)

•	 The 24-month OS rates were 88% versus 82% in intermediate/poor-risk NIVO+IPI versus 
SUN responders; among favorable-risk responders, 24-month OS rates were 96% with 
NIVO+IPI versus 98% with SUN (Figure	1)

•	 The 24-month PFS rates were 60% versus 41% in intermediate/poor-risk NIVO+IPI 
versus SUN responders; among favorable-risk responders, 24-month PFS rates were 
62% with NIVO+IPI versus 64% with SUN (Figure	2)

•	 The 24-month PFS rates were 88% versus 80% in intermediate/poor-risk NIVO+IPI  
(n = 48) versus SUN (n = 5) complete responders; the 24-month PFS rate was 100% 
among favorable-risk patients who achieved complete response in both arms (NIVO+IPI, 
n = 10; SUN, n = 5)

Table 1. Best overall response per investigator per RECIST v1.1

Intermediate/poor risk Favorable risk

NIVO+IPI 
(N = 425)

SUN 
(N = 422)

NIVO+IPI 
(N = 125)

SUN 
(N = 124)

ORR, %
(95% CI)

41.9 
(37.1–46.7)

29.4 
(25.1–34.0)

39.2 
(30.6–48.3)

50.0 
(40.9–59.1)

P-value 0.0001 0.1436 

BOR, %
Complete response 
Partial response 
Stable disease 
Progressive disease 
Unable to determine 

11.3 
30.6 
25.9 
24.9 
7.3

1.2 
28.2 
41.2 
19.0 
10.4

8.0 
31.2 
44.0 
12.0 
4.8

4.0 
46.0 
38.7 
4.8 
6.5

BOR, best overall response; CI, confidence interval

Figure 1. Overall survival in responders
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CR, complete response; NE, not estimable; NR, not reached; PR, partial response

Figure 2. Progression-free survival per investigator in responders
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 NIVO+IPI SUN
 (N = 178) (N = 124)
Events, n (%) 72 (40.4) 80 (64.5)
PFS, median (95% CI),
months NR (29.0–NE) 20.5 (15.4–24.5)
  

 NIVO+IPI SUN
 (N = 49) (N = 62)
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•	 Figure	3 shows time to response, duration of response, duration of therapy, PFS, and OS 
for responders to NIVO+IPI and SUN 

 – Time to response was more rapid with NIVO+IPI than with SUN in intermediate/ 
poor-risk patients: median (range) 2.8 (2.0–32.5) versus 4.0 (1.9–23.5) months,  
and in favorable-risk patients: 2.9 (2.1–15.5) versus 4.2 (2.5–28.9) months 

 – Median (95% CI) duration of response for intermediate/poor-risk responders to 
NIVO+IPI was NR (24.7 months–NE) versus 13.0 (11.0–18.0) months in responders  
to SUN; in favorable-risk responders, median (95% CI) duration of response was  
33.8 (16.6–NE) months with NIVO+IPI versus 27.7 (18.1–32.0) months with SUN

Figure 3. Overall survival, time to response/progression, and duration of therapy in responders
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Disposition and safety
•	 A total of 118 (66%) intermediate/poor-risk and 38 (78%) favorable-risk responders 

to NIVO+IPI versus 109 (88%) intermediate/poor-risk and 31 (50%) favorable-risk 
responders to SUN have discontinued treatment

 – The most common reasons for discontinuation were 
•	 Disease progression, 28% versus 49% in intermediate/poor-risk NIVO+IPI versus 

SUN responders; 27% versus 50% in favorable-risk risk NIVO+IPI versus SUN 
responders

•	 Study drug toxicity, 24% versus 16% in intermediate/poor-risk NIVO+IPI versus SUN 
responders; 43% versus 8% in favorable-risk NIVO+IPI versus SUN responders

•	 Grade 3–4 treatment-related AEs occurred in 119 (52%) of all NIVO+IPI responders and 
142 (76%) of all SUN responders 
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CHROMATIN REMODELING IS KEY IN RCC CARCINOGENESIS

Bap1 is essential for kidney function and cooperates
with Vhl in renal tumorigenesis
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Why different species are predisposed to different tumor spectra is
not well understood. In particular, whether the physical location of
tumor suppressor genes relative to one another influences tumor
predisposition is unknown. Renal cancer presents a unique oppor-
tunity to explore this question. Renal cell carcinoma (RCC) of clear-
cell type (ccRCC), the most common type, begins with an intragenic
mutation in the von Hippel–Lindau (VHL) gene and loss of 3p (where
VHL is located). Chromosome 3p harbors several additional tumor
suppressor genes, including BRCA1-associated protein-1 (BAP1). In
the mouse, Vhl is on a different chromosome than Bap1. Thus,
whereas loss of 3p in humans simultaneously deletes one copy of
BAP1, loss of heterozygosity in the corresponding Vhlregion in the
mouse would not affect Bap1. To test the role of BAP1 in ccRCC
development, we generated mice deficient for either Vhl or Vhl
together with one allele of Bap1 in nephron progenitor cells. Six2-
Cre;VhlF/F;Bap1F/+ mice developed ccRCC, but Six2-Cre;VhlF/F mice did
not. Kidneys from Six2-Cre;VhlF/F;Bap1F/+ mice resembled kidneys
from humans with VHL syndrome, containing multiple lesions span-
ning from benign cysts to cystic and solid RCC. Although the tumors
were small, they showed nuclear atypia and exhibited features of
human ccRCC. These results provide an explanation for why VHL
heterozygous humans, but not mice, develop ccRCC. They also ex-
plain why a mouse model of ccRCC has been lacking. More broadly,
our data suggest that differences in tumor predisposition across
species may be explained, at least in part, by differences in the
location of two-hit tumor suppressor genes across the genome.

kidney cancer | BAP1 | VHL | Six2-Cre | kidney stem cells

It is well established that different animal species are predis-
posed to a different spectrum of tumors. For instance, although

it varies among breeds, dogs and mice (and humans) are not
equally predisposed to particular tumor types. These differences
may be explained by both genetic and environmental factors. In
humans, at least in adults, cancers are thought to result from five
to 10 somatic mutations in driver genes (1). Although some genes,
such as tumor protein p53 (TP53), are broadly mutated across
different tumor types, other cancer genes are associated with
particular tumors (2). This association is most evident in familial
cancer syndromes, where germ-line mutations in cancer genes
predispose to specific tumor types (3). Cancer genes are broadly
classified into oncogenes and tumor suppressor genes, which
are most commonly involved in familial syndromes (2). Onco-
genes are subject to activating mutations, typically involving one
allele, and they induce tumor development. Tumor suppressor
genes are inactivated by mutation; typically, one allele is in-
capacitated through an intragenic mutation, and the second is
lost as part of a deletion [which results in loss of heterozygosity
(LOH)]. Given that deletions are typically large (usually several
megabases), the clustering of multiple tumor suppressor genes in
a chromosomal region could affect tumor predisposition. Thus,

differences in the location of tumor suppressor genes with over-
lapping tissue specificity of tumor suppressor action could account
for differences in the spectrum of tumors across species.
Kidney cancer provides a unique opportunity to study the

impact of tumor suppressor gene location on tumorigenesis (4).
Kidney cancer ranks in the top 10 most common cancers in the
United States, with roughly 60,000 new cases diagnosed every
year (5). Over 70% of kidney cancers are clear-cell renal cell
carcinoma (ccRCC) (6), and ccRCC is characterized by mutation
of the von Hippel–Lindau (VHL) gene. VHL mutation is associ-
ated with familial as well as sporadic ccRCC (7, 8). Inactivating
germ-line VHL mutations cause a form of VHL syndrome char-
acterized by, among other features, a high incidence of both
premalignant and malignant renal lesions, including ccRCC (9).
The VHL gene is also mutated (or silenced) in >80% of sporadic
ccRCCs (8, 10). VHL functions as a classic two-hit tumor sup-
pressor gene, in which both alleles are inactivated during tumori-
genesis. Typically, one allele is disrupted through an intragenic
point mutation (or indel) and another as part of a large deletion,
often involving the whole 3p chromosome arm (where VHL is
located). Intragenic mutations in VHL and loss of 3p are early

Significance

Despite the discovery of the von Hippel–Lindau (VHL) gene in
1993, and that inactivating germ-line mutations of VHL cause
multiple kidney lesions, including clear-cell renal cell carcinoma
(ccRCC), Vhlinactivation in the mouse does not lead to ccRCC and
a mouse model has been lacking. We discovered that the BRCA1-
associated protein-1 (BAP1) two-hit tumor suppressor gene is
mutated in ccRCC, and one BAP1 allele is frequently somatically
codeletedwith VHL in tumors. In the mouse, Vhland Bap1 are on
different chromosomes. We show that SIX homeobox 2 (Six2)-
Cre;VhlF/F;Bap1F/+ mice develop premalignant lesions and ma-
lignant ccRCC resembling VHL syndrome. More broadly, differ-
ences in tumor predisposition across species may result from
differences in the location of two-hit tumor suppressor genes
across the genome.
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genes identifi ed between the BAP1-mutant group 
(3250 genes) and the groups of random tumours was 
highly signifi cant (p<0·0001; table 4). These data show 
that BAP1-mutated tumours are associated with a 
characteristic gene expression signature. 

A comparison of PBRM1-mutant tumours (n=66) to 
the rest revealed 2235 genes that distinguished these 
tumours at an FDR q lower than 0·05 (table 4). When 
compared with three groups of 66 tumours selected at 
random, the diff erence in the number of distinguishing 
genes (2235 vs 0, 0, and 3) was highly signifi cant 
(p<0·0001; table 4). Thus, PBRM1-mutated tumours are 
also associated with a characteristic gene expression 
signature. Notably, most genes that made up both 
signatures were downregulated in the mutant tumours.  
2600 (80%) of the 3250 genes that made up the BAP1 
signature were downregulated in BAP1-mutant 
tumours and, 1910 (85%) of the 2235 genes that made 
up the PBRM1 signature were downregulated in 
PBRM1-mutant tumours.

The number of genes in common between the BAP1 
and PBRM1 signatures was 369 (fi gure 2). However, the 
overlap expected at random was 381. Thus, the 
signatures were non-overlapping, which indicated 
aberrations in diff erent pathways (fi gure 2). The 
appendix lists genes in the BAP1 and PBRM1 signatures 
that most clearly distinguished these groups. Broadly, 
BAP1-mutant tumours were associated with changes in 
the expression of genes implicated in growth-factor 
signalling, whereas PBRM1-mutant tumours showed 
expression changes in genes implicated in the 
cytoskeleton and tissue architecture. 

Finally, although the number of double-mutant 
tumours was very small (three in the UTSW cohort and 
four in the TCGA cohort), histological evaluation of the 
UTSW cohort had suggested that these tumours were 
associated with rhabdoid features and might be 
particularly aggressive.13 In keeping with these results, 
Kaplan-Meier estimates of the UTSW cohort showed 
that double-mutant tumours were associated with the 
worst outcomes (HR 5·3, 95% CI 1·2–22·9; p=0·012; 
appendix). This was also the case for the TCGA cohort 
(HR 10·4, 3·2–33·6, p<0·0001; fi gure 3). We also 
included in our analyses tumours for which mutations 
in BAP1 or PBRM1 were not identifi ed (fi gure 3, 
appendix).  However, this group is likely to be 
heterogeneous and made up by more than one 
molecular genetic subtype.

Discussion 
Our fi ndings show that clear-cell renal-cell carcinoma 
can be subclassifi ed into at least two biologically and 
clinically distinct entities: BAP1-mutant and PBRM1-
mutant tumours. These tumours were associated with 
distinct gene expression signatures, and therefore 
diff erent biology, and BAP1-mutant tumours displayed 
pathological features suggestive of aggressive disease. 

BAP1-mutant tumours were associated with 
signifi cantly worse overall survival than PBRM1-mutant 
tumours. This diff erence corresponded to a HR of 2·7 

Figure 1: Kaplan-Meier curves of overall survival
HR=hazard ratio. (A) UTSW cohort and (B) TCGA cohort.
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HR (95% CI) p value

Mutation group 0·041

PBRM1 1·00 (reference)

BAP1 2·3 (1·03–5·1)

M 0·023

No 1·00 (reference)

Yes 2·7 (1·1–6·2)

Grade 0·018

1 NA

2 1·00 (reference)

3 0·8 (0·3–2·0)

4 3·3 (1·3–8·6)

NA=not applicable.

Table 3: Multivariate analysis of time to death for patients with 
mutated tumours in the TCGA cohort

Kapur, P. et al. Effects on survival of BAP1 and PBRM1 mutations in sporadic clear-cell renal-cell 
carcinoma: a retrospective analysis with independent validation. Lancet Oncol 14, 159–167 (2013).
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the distribution of participants in each risk group (table 4). 
A detailed overview of redistribution across risk groups by 
both models in the training cohort is in the appendix (p 3).

The updated model stratified patients with significant 
differences in overall survival in differentiated risk 
groups (p<0·0001; table 4; figure 2). Median overall 
survival was not reached for patients with favourable 
and good risk, but the median overall survival for 
patients at intermediate risk with the genomically 
annotated model was 30·6 months (95% CI 22·4–36·8) 
and for those at poor risk was 17·4 months (13·0–23·7).

When compared with the original model, the updated 
model showed a better fit with prediction of overall 
survival in the training cohort, with the C-index increasing 
from 0·595 (95% CI 0·557–0·634) to 0·637 (0·595–0·679; 
table 4). Similarly, the C-index for progression-free 
survival increased from 0·567 (95% CI 0·529–0·604) 
in the original model to 0·602 (0·560–0·643) in the 
annotated model, with adequate discrimination of the 
proportion of patients who achieved an objective response 
(Cochran-Armitage one-sided p=0·0014). Using Hosmer-
Lemeshow testing to evaluate the overall goodness of fit 
of the models, we found satisfactory p values for the 
training cohort for both the original and annotated risk 
models (p=0·066 and p=0·17; appendix p 4).

Comparing the redistributed risk groups, we found 
that a large proportion of the training cohort were at 
intermediate risk using the original model (217 [61%] of 
357 participants), with a median overall survival of 
26·6 months (95% CI 21·0–32·0). Of these participants, 
40 (18%) were reclassified as at good risk and had a 
numerically improved median overall survival of 
35·5 months (95% CI 21·6–not evaluable; appendix p 5) 
after redistribution. Furthermore, the annotated model 
reclassified 83 (38%) of 217 intermediate risk participants 
as at poor risk. These 83 patients had worse median 
overall survival, estimated at 16·5 months (95% CI 
12·8–23·8, appendix p  5), than the original poor risk 
group (18·1 months, 11·9–25·2). Similar trends were 
also observed for reclassification of favourable risk 

participants by the original model to the good and 
intermediate risk groups; and similar effects were seen 
for progression-free survival, as summarised in the 
appendix (p 5).

In the training cohort, 329 (92%) of 
357 were evaluable for overall response after treatment in 
the original trial. Cochran-Armitage trend tests of best 
response for the original and the genomically annotated 
MSKCC models showed significant correlation between 
risk groups and objective responses, with an evident 
Cochran-Armitage one-sided p value of 0·0014 for the 
new model and a p value of 0·03 for the original model.

The distribution of patients who achieved an 
objective  response among risk groups for the original 
and genomically annotated models is shown in figure 3. 
20 (57%) of 35 patients classified as favourable risk by the 
genomically annotated model were responders, compared 

Original MSKCC risk model (n=357) Annotated MSKCC risk model (n=357)

n (%) Median overall 
survival, months 
(95% CI)

Overall survival, 
months 
(25th percentile)

n (%) Median overall 
survival, months 
(95% CI)

Overall survival, 
months 
(25th percentile)

Favourable risk 87 (24%) Not reached 
(30·6–not reached)*

26 36 (10%) Not reached 
(31·6–not reached)*

28

Good risk 0 NA NA 77 (22%) Not reached 
(34·8–not reached)*

21

Intermediate risk 217 (61%) 26·6 (21·0–32·0)* 12 108 (30%) 30·6 (22·4–36·8)* 13

Poor risk 53 (15%) 18·1 (11·9–25·2)* 10 136 (38%) 17·4 (13·0–23·7)* 9

C-index for overall survival 
(95% CI)

NA 0·595 
(0·557–0·634)

NA NA 0·637 
(0·595–0·679)

NA

Adapted MSKCC model includes the laboratory and clinical parameters of the original model, and the mutation status of BAP1, TP53, and PBRM1. MSKCC=Memorial Sloan 
Kettering Cancer Center. NA=not applicable. *p value for overall survival between categories was <0·0001; p values were calculated from log-rank tests of each model.

Table 4: Overall survival in the training cohort by risk model

Figure 2: Overall survival by risk status and model in the training cohort
MSKCC=Memorial Sloan Kettering Cancer Center.
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1. MD, M. H. V. et al. Genomically annotated risk model for advanced renal-cell carcinoma: a retrospective cohort study. Lancet Oncology 1–11 (2018). doi:10.1016/S1470-2045(18)30648-X

negative prognosticators 

*or mutated in 
combination with 
concurrent TP53 or BAP1 
mutation

KDM5C, TERT SETD2 were not significant



WHOLE EXOME SEQUENCING - WORK IN PROCESS 
Always consider limitations of a given technique in the clinic

Article

Reliability of Whole-Exome Sequencing for
Assessing Intratumor Genetic Heterogeneity

Graphical Abstract
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d Genuine intratumor genetic heterogeneity is hard to

distinguish from sequencing artifacts

d Cancer-only WES pipelines are unreliable (69% somatic

mutations are false positive)

d 34%–80% of somatic variants contributing to genetic

heterogeneity are technical noise

d Excluding mutations in low-mappability regions and higher

coverage are needed
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In Brief
Shi et al. report that standard coverage

whole-exome sequencing and

bioinformatics pipelines cannot

discriminate between genuine intratumor

genetic heterogeneity and sequencing

artifacts. Although aggressive minimum

depth filtering would not improve the

false detection rate of subclonal

mutations, excluding mutations in low-

mappability regions or in certain

mutational contexts could help.
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Shi, W. et al. Reliability of Whole-Exome Sequencing for Assessing Intratumor Genetic Heterogeneity. CellReports 25, 1446–1457 (2018).

• intratumor heterogeneity difficult to distinguish from 
sequencing artifacts  

• 69% of somatic mutations are false positive 
• 34-80% of somatic mutation are background noise  
• exclusion of mutations in low-mappable regions may 

help



BASELINE QOL IS PROGNOSTIC
Poor QoL scores correlate with poor OS

817P (#2865): Prognostic Ability of HR-QoL Parameters in Metastatic Renal Cell Carcinoma (mRCC) 

Background 
 
• MSKCC and IMDC risk classification systems have been shown to reliably 
classify patients with mRCC into risk groups. 
• Both systems use laboratory and clinical factors. 
• Health-related quality of life (HR-QoL) has prognostic relevance in a 
number of cancers. 
• Study was undertaken to evaluate if HR-QoL could improve risk 
classifications. 
 

Viktor	Grünwald1,	Marion	Dietrich2,	Gregory	R.	Pond3	
1Clinic	for	Hematology,	Hemostasis,	Oncology	and	Stem	Cell	Transplanta9on,	Hannover	Medical	School,	Hannover,	Germany.	2Department	of	Natural	Sciences,	Leibniz	University	Hannover,	Hannover,	Germany,	3Department	of	Oncology,	Escarpment	Cancer	Research	Ins9tute,	McMaster	University,	Hamilton,	ON,	Canada.	

Patients & Methods 
 
• A retrospective analysis on data of 1100 1st line patients treated in the 
COMPARZ study with clear-cell mRCC was performed (NCT00720941). 
• Patients received Pazopanib (800 mg once daily) or Sunitinib (50 mg once 
daily for 4 weeks followed by 2 weeks without treatment). 
• Tumor response was measured according to RECIST 1.1.  
• Patients completed FACIT-Fatigue (FACIT-F), FKSI-19 and DRS-P 
subscales at baseline. 
• A cut-point of 43 was used for categorizing patients for FACIT-F, based on 
prior publications. The median (42) was used for dichotomizing FKSI-19. 
Dichotomization was used for illustration purposes. 
• Kaplan-Meier method was used to estimate time-to-event outcomes. 
Spearman correlation coefficients were used to explore associations 
between different HR-QoL scores. 
• Cox proportional hazards regression was performed to evaluate the effect 
of HR-QoL scores adjusted for MSKCC and IMDC risk classification scores 
separately. 
• Tests were two-sided and a p-value of 0.05 or less was considered 
statistically significant. 
• All analyses were stratified for treatment received. 

 
1.  MSKCC classification system 
2.  Heng classification system 
3.  RJ Motzer et al, NEJM, 369(8):722-731; 22 Aug 2013 
4.  S Van Belle et al, Support Care Cancer, 13(4):246-254; April 2005 

Table 1. Similar baseline HR-QOL Scores 

Figure 2. Overall Survival by FACIT-F Score Table 3. HR-QoL as Prognostic Factors of Overall Survival 
Univariable Results and Adjusted for IMDC Risk Score 

    Pazopanib Sunitinib 
Characteristic Statistic N Result N Result 
FACIT-Fatigue Mean (sd) 

Med. (range) 
421 39.8 (10.7) 

43 (6-52) 
431 40.2 (10.6) 

44 (4-52) 
FKSI Total Score Mean (sd) 

Med. (range) 
422 58.8 (10.3) 

60 (20.2-76) 
437 59.2 (10.0) 

60.8 (28-76) 
FKSI DRS-P 
Subscale 

Mean (sd) 
Med. (range) 

423 38.4 (6.7) 
40 (13-48) 

437 38.6 (6.6) 
40 (16-48) 

Characteristic Statistic Hazard Ratio 
 (95% CI) 

p-value 

Univariable Results 
FACIT-Fatigue Continuous 0.96 (0.96, 0.97) <0.001 
FKSI Total Score Continuous 0.96 (0.95, 0.97) <0.001 
FKSI DRS-P Subscale Continuous 0.94 (0.93, 0.95) <0.001 

Adjusted for IMDC Risk Classification 
Heng Risk Group  
  
  
  
FACIT-Fatigue 

Favourable 
Intermediate 

Poor 
Unknown 

Continuous 

0.77 (0.37, 1.60) 
1.42 (0.70, 2.87) 
3.10 (1.50, 6.38) 

REFERENCE 
0.97 (0.97, 0.98) 

<0.001 
  
  
  

<0.001 
Heng Risk Group  
  
  
  
FKSI Total Score 

Favourable 
Intermediate 

Poor 
Unknown 

Continuous 

0.82 (0.39, 1.71) 
1.47 (0.73, 2.97) 
3.32 (1.61, 6.84) 

REFERENCE 
0.97 (0.96, 0.98) 

<0.001 
  
  
  

<0.001 
Heng Risk Group  
  
  
  
FKSI DRS-P Subscale 

Favourable 
Intermediate 

Poor 
Unknown 

Continuous 

0.80 (0.38, 1.66) 
1.44 (0.71, 2.92) 
3.16 (1.53, 6.50) 

REFERENCE 
0.96 (0.95, 0.97) 

<0.001 
  
  
  

<0.001 

Characteristic Statistic Hazard Ratio  
(95% CI) 

p-value 

Adjusted for MSKCC Risk Stratification 
MSKCC Group  
  
  
  
FACIT-Fatigue 

Favourable 
Intermediate 

Poor 
Unknown  

Continuous 

0.86 (0.46, 1.62) 
1.52 (0.83, 2.79) 
3.71 (1.93, 7.12) 

REFERENCE 
0.98 (0.97, 0.98) 

<0.001 
  
  
  

<0.001 

MSKCC Group  
  
  
  
FKSI Total Score 

Favourable 
Intermediate 

Poor 
Unknown  

Continuous 

0.94 (0.50, 1.76) 
1.62 (0.89, 2.96) 
4.32 (2.27, 8.24) 

REFERENCE 
0.97 (0.96, 0.98) 

<0.001 
  
  
  

<0.001 

MSKCC Group  
  
  
  
FKSI DRS-P 
Subscale 

Favourable 
Intermediate 

Poor 
Unknown  

Continuous 

0.93 (0.49, 1.74) 
1.59 (0.87, 2.92) 
4.24 (2.22, 8.09) 

REFERENCE 
0.96 (0.94, 0.97) 

<0.001 
  
  
  

<0.001 

Table 2. HR-QoL as Prognostic Factors of Overall Survival 
Adjusted for MSKCC Risk Stratification 

Results 

Figure 1. Overall Survival by FKSI-DRS-P Score 

Conlusions 
 
• HR-QoL factors added significant information to previously validated risk 
classification scores. 
• Spearman ρ for FACIT-F and DRS-P was 0.78, indicating a high level of 
correlation  
• If validated in future studies, HR-QoL could be an important additional risk factor 
used for classifying patients with mRCC 
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IS QOL IMPROVEMENT PROGNOSTIC IN MRCC?
Patients who improve in QoL achieve a better OS

Articles

1000 www.thelancet.com/oncology   Vol 17   July 2016

HRQoL improvement compared with 95 (28%) of 
343 patients who received everolimus (p=0·0002). 
Median time to improvement in HRQoL (important 
diff erence of at least 2 points in FKSI-DRS) was shorter 
in patients treated with nivolumab (4·7 months, 
95% CI 3·7–7·5) versus everolimus (median not reached, 
95% CI NE–NE; HR 1·66 [95% CI 1·33–2·08]; p<0·0001). 
When we used an important diff erence of 3 or more 
points, median time to improvement in HRQoL was 
not estimable (95% CI 13·3–NE) with nivolumab or 
everolimus (95% CI 25·0–NE) and the HR for nivolumab 
versus everolimus was 1·61 (95% CI 1·24–2·09; 
p<0·0003). At later time points (>1·5 years after 
randomisation), fewer patients were available for 
assessment, but results between and within treatments 
arms at these time points were consistent with those 
from earlier time points (data not shown).

Descriptive statistical analyses for individual FKSI-DRS 
items showed that better scores were achieved with 
nivolumab compared with everolimus for all nine items 
(lack of energy, pain, weight loss, bone pain, fatigue, 
haematuria, dyspnoea, cough, and fevers; appendix p 2). 
In our mixed-eff ects model repeated-measures analyses 
all individual FKSI-DRS items were better with nivolumab 
than with everolimus, except for bone pain (appendix p 2).

For both the EQ-5D utility index and EQ-5D visual 
analogue scale, scores improved with nivolumab from 
baseline to week 104 with nivolumab, whereas 
deterioration occurred with everolimus (appendix 
pp 8–9). As assessed with the EQ-5D visual analogue 
scale, more patients had a clinically meaningful HRQoL 

improvement with nivolumab (192 [53%] of 360 patients; 
one patient was missing an EQ-5D assessment) than 
with everolimus (134 [39%] of 343 patients; p=0·0001), 
and time to improvement was shorter with nivolumab 
(6·5 months, 95% CI 3·9–12·2) than with everolimus 
(23·1 months, 95% CI 15·4–NE; HR 1·37, 95% CI 
1·10–1·71; p=0·0054). The proportion of patients who 
had clinically meaningful HRQoL improvement 
(p=0·070) and time to improvement (p=0·86) did not 
diff er between the groups when assessed with EQ-5D 
utility scores (appendix pp 8–9). 

We also noted diff erences between the treatment groups 
in our mixed-eff ects model repeated-measures analysis. 
For EQ-5D utility index, scores were higher for patients 
treated with nivolumab compared with scores for patients 
treated with everolimus (diff erence in mean change from 
baseline to endpoint 0·04, 95% CI 0·02–0·07, p=0·0003; 
appendix p 10). Similarly, for EQ-5D visual analogue scale, 
scores from patients treated with nivolumab were higher 
compared with those from patients treated with 
everolimus (diff erence in mean change from baseline to 
endpoint 5·7, 95% CI 3·8–7·7, p<0·0001; appendix p 11). 

In our exploratory analysis of the correlation between 
baseline HRQoL scores and overall survival for the entire 
study population (n=705), we detected a positive 
correlation with the FKSI-DRS (correlation coeffi  cient 
0·27; p<0·0001), EQ-5D utility (0·24, p<0·0001), and 
EQ-5D visual analogue scale (0·26, p<0·0001). In the 
exploratory analysis of the association between HRQoL 
(FKSI-DRS) baseline scores (high or low where high was 
above the median and low was below the median), 

Figure 4: Eff ect on overall survival of baseline HRQoL and improvement in HRQoL up to 12 weeks
We defi ned an improvement up to 12 weeks as a 2-point change in FKSI-DRS score from baseline (time 0). FKSI-DRS=Functional Assessment of Cancer 
Therapy-Kidney Symptom Index-Disease Related Symptoms. HRQoL=health-related quality of life.
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Cella, D. et al. Quality of life in patients with advanced renal cell carcinoma given nivolumab versus everolimus in CheckMate 025: a randomised, open-label, phase 3 trial. Lancet Oncol 17, 
994–1003 (2016).



EARLY TUMOR SHRINKAGE IS PROGNOSTIC IN MRCC
Patients with ≧10% tumor shrinkage have favorable outcome
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Fig. 2 – Kaplan-Meier estimates. (a) Overall survival[2_TD$DIFF] and (b) progression-free survival[3_TD$DIFF] in patients with and without early tumour shrinkage; (c) OS and
(d) PFS in patients with or without objective response by Response Evaluation Criteria in Solid Tumours.
CI = confidence interval; eTS = early tumour shrinkage; HR = hazard ratio; OS = overall survival; PFS = progression-free survival; RECIST = Response
Evaluation Criteria in Solid Tumours.
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shrinkage ≥ 10% at day 90 (n = 657) and 15.1 mo. in those 
without (n = 350) (Fig. 1b). The OS-rate at 1 and 2 years 
compared favorably for patients with ≥ 10% at day 90 (80.8 
and 62.8%) to those without (57.3 and 40.9%), respectively 
(Table 3).

Demographic, clinical and laboratory parameters, 
including those that were known to have prognostic value 
in mRCC, were included in univariate and multivariable 
analyses. A significant effect of early tumor shrinkage at 
day 42 on median OS was observed in univariate [HR 0.55 
(95% CI 0.43–0.70); p < 0.001] (Table 4) and multivariable 
cox proportional hazard regression analyses [HR 0.53 (95% 
CI 0.41–0.69); p < 0.001] (Table 5). When a landmark at 
day 90 was applied, similar results were found in univariate 
[HR 0.47 (95% CI 0.39–0.57); p < 0.001] and multivariable 
analyses [HR 0.49 (95% CI 0.40–0.60); p < 0.001] (Table 5).

The univariate and multivariable models showed no asso-
ciation of OS with treatment arms. Gender, performance 
status, prior nephrectomy, number of metastatic sites, time to 
medical treatment, calcium, and tumor load were found to be 
significant cofactors in the multivariable analyses (Tables 4, 
5).

Discussion

The lack of a predictive biomarker in mRCC treatment is a 
major dilemma in the treatment algorithm. Given the mode 
of action, similar outcomes were generated with agents 
from similar classes until recently and drugs are given con-
tinuously until progression or intolerance [8–11]. However, 
only 50% of patients are offered a 2nd line and only 13–18% 
receive 3rd line therapies [7], which leaves many patients 
with access to only one line of therapy. It is unknown 
whether an early switch of therapy may provide clini-
cal benefit to the patient, but if ineffective therapy can be 
dropped early during the course of treatment, more patients 
can be offered a second line treatment. The current boost in 
2nd line efficacy may also offer more potent treatments to 
patients [3–5], and may warrant an early switch approach. 
The prospective NIVOSWITCH study (NCT02959554) of 
the German interdisciplinary RCC group (IAG-N) currently 
investigates whether an early switch after 12 weeks of treat-
ment with a tyrosine kinase inhibitor (TKI) to nivolumab 
may improve survival in mRCC patients and will help to 
define the role of early treatment rotation in mRCC.

More recently, a prospective clinical phase II trial 
reported on the feasibility of intermittent sunitinib treatment 
in mRCC. The decision to hold or re-instigate treatment was 
based on tumor shrinkage or growth by 10% compared to the 
previous tumor image [12]. Our data support this concept, 
by identifying patients with a favorable prognosis early dur-
ing the course of treatment and justifying the 10% cutpoint 

Fig. 1  Early tumor shrinkage is associated with improved median 
overall survival (OS). Patients with or without early tumor shrinkage 
(eTS) are grouped and plotted at landmarks a 42 days and b 90 days, 
respectively

Table 3  Patients where grouped according to tumor shrinkage of ≥ 10 
or < 10%

Median OS and survival rates after 1 and 2 years were calculated in 
patients available for analyses at day 42 and 90, respectively

Characteristic < 10% tumor shrink-
age

≥ 10% tumor shrink-
age

N Result N Result

By day 42
 Overall survival, months
  N (%) deaths 253 133 (52.6) 329 125 (38.0)
  Median (95% CI) 19.6 (14.0, 28.9) 34.1 (28.4, NR)
  1-year (95% 

CI) %
59.9 (53.4, 65.8) 82.5 (77.7, 86.3)

  2-year (95% 
CI) %

45.8 (39.1, 52.2) 64.7 (58.7, 70.0)

By day 90
 Overall survival, months
  N (%) deaths 350 201 (57.4) 657 242 (36.8)
  Median (95% CI) 15.1 (12.4, 18.7) 33.6 (30.1, NR)
  1-year (95% 

CI) %
57.3 (51.8, 62.5) 80.8 (77.4, 83.7)

  2-year (95% 
CI) %

40.9 (35.4, 46.4) 62.8 (58.6, 66.7)

1. Grünwald, V., Lin, X., Kalanovic, D. & Simantov, R. Early Tumour Shrinkage: A Tool for the Detection of Early Clinical Activity in Metastatic Renal Cell Carcinoma. Eur Urol 70, 1006–1015 
(2016). 

2. Grünwald, V., Dietrich, M. & Pond, G. R. Early tumor shrinkage is independently associated with improved overall survival among patients with metastatic renal cell carcinoma: a validation 
study using the COMPARZ cohort. World journal of urology 369, 722–7 (2018).



EARLY TUMOR SHRINKAGE IS PROGNOSTIC IN MRCC
Patients with ≧10% tumor shrinkage have favorable outcome

[(Fig._2)TD$FIG]

Patients at risk:
eTS: Yes
eTS: No

1992 1273 561 92 15 0
2342 1086 411 48 4 0

Patients at risk:
eTS: Yes
eTS: No

1992 603 153 23 0 0
2342 350 58 14 0 0

O
ve

ra
ll 

su
rv

iv
al

Time, mo

0.0

eTS: Yes (n = 1992) 28.5
eTS: No (n = 2342) 16.0

HR: 0.615 (95% CI 0.558, 0.667), p < 0.0001 

Median OS, mo

eTS: Yes (n = 1992) 10.5
eTS: No (n = 2342) 5.3

HR: 0.628 (95% CI 0.580, 0.680), p < 0.0001  

Median PFS (mo)

0.7

0.8

0.9

1.0

0.3

0.4

0.1

0.2

0.5

0.6

P
ro

g
re

ss
io

n
-f

re
e 

su
rv

iv
al

Time, mo

0.0

0.7

0.8

0.9

1.0

a

b

0.3

0.4

0.1

0.2

0.5

0.6

120 24 36 48 60

120 24 36 48 60

Patients at risk:
Response: Yes
Response: No

1156 899 490 77 15 0
3178 1460 482 63 4 0

Patients at risk:
Response: Yes
Response: No

1156 595 163 27 0 0
3178 358 48 10 0 0

O
ve

ra
ll 

su
rv

iv
al

Time, mo

0.0

Response by RECIST: Yes (n = 1156) 39.8
Response by RECIST: No (n = 3178) 15.1

HR: 0.327 (95% CI 0.283, 0.378), p < 0.0001 

Median OS, mo

Median PFS (mo)

Response by RECIST: Yes (n = 1156) 16.6
Response by RECIST: No (n = 3178)   5.1

HR: 0.310 (95% CI 0.278, 0.345), p < 0.0001  

0.7

0.8

0.9

1.0

0.3

0.4

0.1

0.2

0.5

0.6

P
ro

g
re

ss
io

n
-f

re
e 

su
rv

iv
al

Time, mo

0.0

0.7

0.8

0.9

1.0

c

d

0.3

0.4

0.1

0.2

0.5

0.6

120 24 36 48 60

120 24 36 48 60

Fig. 2 – Kaplan-Meier estimates. (a) Overall survival[2_TD$DIFF] and (b) progression-free survival[3_TD$DIFF] in patients with and without early tumour shrinkage; (c) OS and
(d) PFS in patients with or without objective response by Response Evaluation Criteria in Solid Tumours.
CI = confidence interval; eTS = early tumour shrinkage; HR = hazard ratio; OS = overall survival; PFS = progression-free survival; RECIST = Response
Evaluation Criteria in Solid Tumours.
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shrinkage ≥ 10% at day 90 (n = 657) and 15.1 mo. in those 
without (n = 350) (Fig. 1b). The OS-rate at 1 and 2 years 
compared favorably for patients with ≥ 10% at day 90 (80.8 
and 62.8%) to those without (57.3 and 40.9%), respectively 
(Table 3).

Demographic, clinical and laboratory parameters, 
including those that were known to have prognostic value 
in mRCC, were included in univariate and multivariable 
analyses. A significant effect of early tumor shrinkage at 
day 42 on median OS was observed in univariate [HR 0.55 
(95% CI 0.43–0.70); p < 0.001] (Table 4) and multivariable 
cox proportional hazard regression analyses [HR 0.53 (95% 
CI 0.41–0.69); p < 0.001] (Table 5). When a landmark at 
day 90 was applied, similar results were found in univariate 
[HR 0.47 (95% CI 0.39–0.57); p < 0.001] and multivariable 
analyses [HR 0.49 (95% CI 0.40–0.60); p < 0.001] (Table 5).

The univariate and multivariable models showed no asso-
ciation of OS with treatment arms. Gender, performance 
status, prior nephrectomy, number of metastatic sites, time to 
medical treatment, calcium, and tumor load were found to be 
significant cofactors in the multivariable analyses (Tables 4, 
5).

Discussion

The lack of a predictive biomarker in mRCC treatment is a 
major dilemma in the treatment algorithm. Given the mode 
of action, similar outcomes were generated with agents 
from similar classes until recently and drugs are given con-
tinuously until progression or intolerance [8–11]. However, 
only 50% of patients are offered a 2nd line and only 13–18% 
receive 3rd line therapies [7], which leaves many patients 
with access to only one line of therapy. It is unknown 
whether an early switch of therapy may provide clini-
cal benefit to the patient, but if ineffective therapy can be 
dropped early during the course of treatment, more patients 
can be offered a second line treatment. The current boost in 
2nd line efficacy may also offer more potent treatments to 
patients [3–5], and may warrant an early switch approach. 
The prospective NIVOSWITCH study (NCT02959554) of 
the German interdisciplinary RCC group (IAG-N) currently 
investigates whether an early switch after 12 weeks of treat-
ment with a tyrosine kinase inhibitor (TKI) to nivolumab 
may improve survival in mRCC patients and will help to 
define the role of early treatment rotation in mRCC.

More recently, a prospective clinical phase II trial 
reported on the feasibility of intermittent sunitinib treatment 
in mRCC. The decision to hold or re-instigate treatment was 
based on tumor shrinkage or growth by 10% compared to the 
previous tumor image [12]. Our data support this concept, 
by identifying patients with a favorable prognosis early dur-
ing the course of treatment and justifying the 10% cutpoint 

Fig. 1  Early tumor shrinkage is associated with improved median 
overall survival (OS). Patients with or without early tumor shrinkage 
(eTS) are grouped and plotted at landmarks a 42 days and b 90 days, 
respectively

Table 3  Patients where grouped according to tumor shrinkage of ≥ 10 
or < 10%

Median OS and survival rates after 1 and 2 years were calculated in 
patients available for analyses at day 42 and 90, respectively

Characteristic < 10% tumor shrink-
age

≥ 10% tumor shrink-
age

N Result N Result

By day 42
 Overall survival, months
  N (%) deaths 253 133 (52.6) 329 125 (38.0)
  Median (95% CI) 19.6 (14.0, 28.9) 34.1 (28.4, NR)
  1-year (95% 

CI) %
59.9 (53.4, 65.8) 82.5 (77.7, 86.3)

  2-year (95% 
CI) %

45.8 (39.1, 52.2) 64.7 (58.7, 70.0)

By day 90
 Overall survival, months
  N (%) deaths 350 201 (57.4) 657 242 (36.8)
  Median (95% CI) 15.1 (12.4, 18.7) 33.6 (30.1, NR)
  1-year (95% 

CI) %
57.3 (51.8, 62.5) 80.8 (77.4, 83.7)

  2-year (95% 
CI) %

40.9 (35.4, 46.4) 62.8 (58.6, 66.7)
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Fig. 2 – Kaplan-Meier estimates. (a) Overall survival[2_TD$DIFF] and (b) progression-free survival[3_TD$DIFF] in patients with and without early tumour shrinkage; (c) OS and
(d) PFS in patients with or without objective response by Response Evaluation Criteria in Solid Tumours.
CI = confidence interval; eTS = early tumour shrinkage; HR = hazard ratio; OS = overall survival; PFS = progression-free survival; RECIST = Response
Evaluation Criteria in Solid Tumours.
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DEPTH OF REMISSION IS PROGNOSTIC IN MRCC
Targeted agents and cytokine treatment
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2.04 for PFS) or 10% tumor shrinkage (median OS and PFS
22.9 and 8.9 mo for !10% tumor shrinkage vs 11.8 and
3.2 mo for <10%; p < 0.001, HR 1.63 for OS; p < 0.001, HR
2.32 for PFS).

3.5. Stratification by patient and treatment characteristics

To determine whether treatment and tumor shrinkage are
related, we first tested for interaction between tumor
shrinkage and any type of therapy. Both factors interacted
significantly ( p = 0.0093), which justified further subgroup
analyses for the agents used.

When stratified by therapy type, OR was higher in
patients receiving axitinib, sorafenib, or sunitinib (38%,
n = 667/1773) compared to temsirolimus (18%, n = 74/416).
Overall, 79% of patients receiving axitinib, sorafenib, or
sunitinib and 66% of patients receiving temsirolimus had
some degree of tumor shrinkage, most of which was "30%
for both treatment types.

Tumor response was an independent prognostic factor
for OS and PFS when patients were stratified by type of
therapy (Table 3). Irrespective of therapy type, patients with
a more pronounced tumor response had significantly longer
OS and PFS compared to patients with no response or tumor
growth. When stratified by first-line and second-line
therapy, the degree of tumor shrinkage remained an
independent prognostic factor for OS and PFS (Table 3).

In addition, the degree of tumor shrinkage predicted OS and
PFS when stratified by performance status (Table 3).

3.6. Treatment exposure

In total, 1070 patients (40%) underwent dose reductions or
modifications because of adverse events. When stratified by
tumor shrinkage category, 189 (67%), 285 (52%), 421 (37%),
117 (30%), and 26 (17%) patients in the –100% to <–60%,
–60% to <–30%, –30% to <0%, 0% to <+20%, and !+20%
groups, respectively, underwent dose reductions or mod-
ifications, which probably reflects the length of therapy
duration.

4. Discussion

This is the first and largest analysis evaluating the
prognostic significance of best tumor response in mRCC
patients treated with a variety of agents in the targeted
therapy era. Our analysis was conducted on data from a
clinical trials database, a rich tool for the evaluation of
patient characteristics and outcomes, that includes pro-
spectively collected data. Owing to challenges in the context
of tumor measurement variability, the use of prospectively
acquired measurements is a major strength of our analysis.

This study adds to the growing body of literature
demonstrating that tumor shrinkage is a major outcome
of targeted therapies. According to historical reports, VEGF-
targeted therapy achieves higher OR rates (20–30%)
compared to mTOR-targeted therapy ("10%), which is
supported by our analysis [6,7]. More recently, a random-
ized controlled trial confirmed a superior OR rate for
sunitinib (27%) compared to everolimus (8%) [6]. In our
analyses, tumor shrinkage was detected in 66% of patients
receiving temsirolimus and 79% of those receiving axitinib,
sorafenib, or sunitinib. Major tumor shrinkage of –100 to
<–60% was more frequently found in patients treated with
axitinib, sorafenib, or sunitinib (n = 221; 12%) compared to
temsirolimus (n = 19; 5%). Tumor growth during therapy
was observed in 272 (15%) patients treated with axitinib,
sorafenib, or sunitinib, and 83 patients (20%) treated with
temsirolimus. However, patient selection factors such as
MSKCC risk categories varied between trials and may not
allow for definitive conclusions. Of greater importance,
individual patients may gain benefit from both VEGF- and
mTOR-targeted therapies given the prolonged survival
associated with therapy. A main goal of clinical trials
should be the definition of predictive markers, which may
secure proper selection of individual treatments.

In this series, we demonstrate that the depth of
remission is an independent prognostic factor in mRCC,
regardless of the type of treatment. Several prior studies
that evaluated the prognostic significance of ‘‘early’’ or
‘‘best’’ tumor shrinkage on imaging were in patients
receiving a specific agent or class of agents [1–3,8]. In an
analysis of 70 mRCC patients receiving first-line VEGF-
targeted therapy, Krajewski and colleagues [8] demonstrat-
ed that a 10% reduction in tumor diameter at first-follow up
CT imaging was an optimal size change threshold for

Table 2 – Cox proportional regression analyses for a 6–mo
landmark, stratified by percentage tumor shrinkage and
treatment agent

Overall survival

p value HR (95% CI)

Overall cohort

–100% to <–60% <0.001 0.29 (0.22–0.39)

–60% to <–30% 0.005 0.77 (0.64–0.93)

–30% to <0% Reference

0% to <+20% 0.002 1.39 (1.13–1.71)

!+20% 0.011 1.52 (1.10–2.09)

No post-baseline imaging 0.5 1.16 (0.73–1.85)

Axitinib, sorafenib, or sunitinib

–100% to <–60% <0.001 0.21 (0.15–0.31)

–60% to <–30% 0.009 0.67 (0.53–0.85)

–30% to <0% Reference

0% to <+20% 0.002 1.66 (1.20–2.30)

!+20% 0.2 1.44 (0.81–2.57)

No post-baseline imaging 0.4 0.69 (0.30–1.57)

Temsirolimus

–100% to <–60% 0.036 0.44 (0.20–0.95)

–60% to <–30% 0.5 0.86 (0.56–1.30)

–30% to <0% Reference

0% to <+20% 0.1 1.46 (0.89–2.40)

!+20% 0.046 2.38 (1.02–5.56)

No post-baseline imaging 0.6 1.42 (0.45–4.47)

Interferon–a

–100% to <–60% <0.001 0.33 (0.17–0.62)

–60% to <–30% 0.030 0.56 (0.34–0.95)

–30% to <0% Reference

0% to <+20% 0.3 1.19 (0.84–1.67)

!+20% 0.1 1.43 (0,90–2.28)

No post-baseline imaging 0.4 1.38 (0.69–2.76)

HR = hazard ratio; CI = confidence interval.
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HYPERPROGRESSION IS A CLINICAL REALITY (CPI THERAPY)
Patient selection may help to decrease this risk 
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Fig. 2 – Tumor burden change from randomization through treatment with nivolumab beyond progression based on best overall response prior to
treatment beyond progression of (A) complete/partial response, (B) stable disease, (C) progressive disease. Asterisks represent patients who were
treated beyond progression but who did not have scans beyond first progression to document tumor burden.

Table 4 – Treatment-related adverse events at and after first progression in I5% of patients treated with nivolumab

From randomization to first progression After first progression

System organ class, n (%) Patients treated beyond
progression (n = 153)

Patients not treated beyond
progression (n = 163)

Patients treated beyond
progression (n = 153)

Any grade Grade 3 or 4 Any grade Grade 3 or 4 Any grade Grade 3 or 4

Total patients with an event 108 (71) 12 (8) 115 (71) 28 (17) 91 (59) 22 (14)

Fatigue 48 (31) 0 41 (25) 4 (2) 31 (20) 4 (3)

Diarrhea 18 (12) 1 (1) 14 (9) 2 (1) 11 (7) 0

Pruritus 17 (11) 0 11 (7) 0 12 (8) 0

Nausea 12 (8) 0 20 (12) 0 11 (7) 0

Rash 12 (8) 0 8 (5) 2 (1) 11 (7) 0

Decreased appetite 11 (7) 0 15 (9) 2 (1) 15 (10) 0

Cough 10 (7) 0 11 (7) 0 10 (7) 0

Headache 10 (7) 0 5 (3) 0 3 (2) 0

Dry skin 9 (6) 0 5 (3) 0 6 (4) 0

Myalgia 9 (6) 0 7 (4) 0 5 (3) 0

Constipation 8 (5) 0 5 (3) 0 4 (3) 0

Anemia 8 (5) 0 9 (6) 0 9 (6) 4 (3)

Asthenia 7 (5) 0 8 (5) 1 (1) 4 (3) 0

Dry mouth 7 (5) 0 3 (2) 0 5 (3) 0

Dermatitis acneiform 7 (5) 0 1 (1) 0 2 (1) 0

Chills 7 (5) 0 5 (3) 0 1 (1) 0

Pyrexia 6 (4) 0 16 (10) 0 4 (3) 0

Dyspnea 6 (4) 0 10 (6) 3 (2) 8 (5) 0

Increased blood creatinine 5 (3) 0 10 (6) 0 5 (3) 1 (1)

Arthralgia 5 (3) 0 7 (4) 0 9 (6) 0

Vomiting 4 (3) 0 11 (7) 0 7 (5) 0

E U R O P E A N U R O L O G Y 7 2 ( 2 0 1 7 ) 3 6 8 – 3 7 6 373

1. Escudier, B. et al. Treatment Beyond Progression in Patients with Advanced Renal Cell Carcinoma Treated with Nivolumab in CheckMate 
025. Eur Urol 72, 368–376 (2017).
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Figure 7 | miR-424(322) enhances the efficacy of chemotherapy by activating cytotoxic T cells and reducing regulatory cytokine secretions in ID8
tumours. ID8 cells with stable overexpression of miR-424(322) were injected into syngeneic C57BL/7 mice, followed by cisplatin or vehicle (Veh)
treatment. The T cells were harvested from regressing tumours and stained with various markers. (a,b) IFN-gþ /CD8þ T cells from tumour of ID8
tumour-bearing mice were isolated and counted. Cisplatin treatment significantly increased the number of IFN-gþ /CD8þ T cells in the C57BL/7 mice
with miR-424(322) overexpressing tumours. t-test, *Pr0.05, **Pr0.01. Bar graphs are shown as the mean±s.e.m. (n¼ 12 mice per group). (c–g) Relative
expression levels of PD-1, PD-L1, CD80 and IFN-g from tumour of ID8 tumour-bearing mice were determined via qRT-PCR assay. Cisplatin treatment
significantly repressed the mRNA levels of PD-L1 and CD80 and increased the mRNA levels of CD8, TNF-a and IFN# g in the C57BL/7 mice with
miR-424(322)-overexpressing tumours. t-test, *Pr0.05, **Pr0.01, ***Pr0.001. Bar graphs are shown as the mean±s.e.m. (n¼ 12 mice per group).
(h–k) Circulating serum from C57BL/7 mice was assayed for IL-10, TNF-a, IFN-g and TGF-b using a cytokine ELISA assay. Cisplatin treatment significantly
inhibited the secretion of IL-10 and promoted the secretion of TNF-a and IFN-g in the C57BL/7 mice with miR-424(322)-overexpressing tumours. t-test,
*Pr0.05, **Pr0.01. Bar graphs are shown as the mean±s.e.m. (n¼ 12 mice per group). (l) Schematic representation of the biological and functional
interactions between PD-L1 and chemoresistance through the miR-424(322) regulatory cascade.
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PBRM1 - A PUTATIVE MARKER FOR CPI RESPONSE
PBRM1mt alters transcriptional output 

perturbations in the PBAF complex (20). Loss of
BAF180 or the related PBAF subunit BRG1, en-
coded by the gene SMARCA4, prevents formation
of the intact PBAF complex (20). We performed
gene-expression analyses of BAF180-null (A704)
cell lines versus PBAF–wild type (A704-BAF180) cell
lines, as well as BRG1-null (A704-BAF180BRG1−/−)
cell lines versus A704-BAF180 cell lines (Fig. 4A).
Differential gene-expression analysis showed sub-
stantial overlaps (~50%) between the top 100 genes
differentially expressed in A704 versus A704-
BAF180 cell lines andA704-BAF180BRG1−/− versus
A704-BAF180 cell lines (table S4). This reflects
the fact that BAF180 is essential to the PBAF, but
not the BAF, complex, whereas BRG1 is a re-
quired subunit of both. Thus, the BAF180-null
and BRG1-null cell lines have some shared char-
acteristics but are also biologically and pheno-
typically distinct.
Gene set enrichment analysis (GSEA) on 50

“hallmark” gene sets representingmajor biological
processes (21) revealed five gene sets whose ex-
pression was significantly enriched in cell lines
that were PBAF deficient. These included genes
linked to IL-6 (interleukin-6)–JAK-STAT3 (Janus
kinase–signal transducers and activators of tran-
scription 3) signaling, TNF-a signaling via NF-kB,
and IL-2–STAT5 signaling (Fig. 4A and table S5,

A and B). As expected, the hallmark hypoxia gene
set was upregulated in A704 versus A704-BAF180
cell lines [family-wise error rate (FWER) q=0.071]
(table S5A) (20). Across themore refined “founder”
gene sets describing these five significantly en-
riched hallmark gene sets, the most strongly en-
riched gene set in PBAF-deficient cell lines was
the Kyoto Encyclopedia of Genes and Genomes
(KEGG) cytokine-cytokine receptor interaction
gene set (FWER q = 0.0020 for A704 versus A704-
BAF180, and q = 0.023 for A704-BAF180BRG1−/−

versus A704-BAF180) (Fig. 4A and table S5, C to L).
This gene set includes both immune-stimulatory
(e.g., IL12, CCL21) and immune-inhibitory (e.g.,
IL10) genes, but GeneOntology term analysis (11)
showed that the genes most strongly enriched in
PBAF-deficient cell lines were immune stimula-
tory (table S6). Previously reported GSEA analysis
of untreated ccRCC from The Cancer Genome
Atlas (TCGA) database and a murine model of
PBRM1 loss also show amplified transcriptional
outputs of hypoxia-inducible factor 1 (HIF1) and
STAT3, involved in hypoxia response and JAK-
STAT signaling, respectively, in PBRM1-mutant
versus PBRM1–wild type states (19). GSEA analy-
sis of RNA-seq from pretreatment tumors in the
discovery and validation cohorts of this study
(n = 18 PBRM1-LOF versus n = 14 PBRM1-intact)

confirmed increased expression of the hypoxia
and IL-6–JAK-STAT3 gene sets in the PBRM1-LOF
tumors (Fig. 4B and tables S7, A and B, and S8).
Given JAK-STAT3 pathway gene involvement in
the interferon gamma (IFN-g) signaling pathway
and IFN-g–dependent cancer immunostimulation
(22), differential expression of these genes may
affect the response of PBRM1-LOF patients to
anti–PD-(L)1 therapy.
In addition to assessing tumor-intrinsic gene

expression with GSEA, we further characterized
the quality of the tumor-immunemicroenviron-
ment in PBRM1-LOF versus PBRM1-intact ccRCC
in three independent cohorts: patients from the
TCGA database (6), an independent cohort of
untreated ccRCC tumors (Sato) (23), and patient
tumors from this study (table S8). In all three co-
horts, tumors harboring LOFmutations inPBRM1
showed lower expression of immune-inhibitory
ligands (e.g., CD276 andBTLA) (24) than thosewith-
out PBRM1mutations. This findingwas somewhat
unexpected, as high PD-L1 staining is associated
with increased responsiveness to anti–PD-(L)1
agents in other cancer types (25, 26). However,
the magnitudes of these differences were small
and potentially confounded by differing degrees
of tumor-stromal admixture (fig. S7, A to C) (9).
We also examined LOF mutations in VHL, the
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Fig. 2. Analysis of tumor-genome features in discovery cohort reveals a
correlation between PBRM1 LOFmutations and clinical benefit from
anti–PD-1 therapy. (A) Mutations in the discovery cohort. Patients are
ordered by response category, with tumor mutation burden in decreasing
order within each response category. Shown are all genes that were
recurrently mutated at a significant frequency, as assessed by MutSig2CV
analysis (table S1E). CNA, copy-number alteration. (B) Enrichment of
truncating mutations in tumors from patients in the CB versus NCB groups.
Red dashed line denotes q<0.1 (Fisher’s exact test). Mutations in genes above

the black dotted line are enriched in tumors of patients with clinical benefit
from anti–PD-1 therapy, and mutations in genes below the line are enriched in
tumors of patients with no clinical benefit. (C) Kaplan-Meier curve comparing
overall survival of patients treated with anti–PD-1 therapy whose tumors did
or did not harbor LOFmutations in PBRM1. See also fig. S5 for Kaplan-Meier
curve comparing PFS of these patients. (D) Spider plot showing objective
decrease in tumor burden in PBRM1-LOF (light blue) versus PBRM1-intact
(yellow) tumors.Three patients with early progression on anti–PD-1 therapy
and truncating mutations in PBRM1 (dark blue) had long and/or censored OS.
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perturbations in the PBAF complex (20). Loss of
BAF180 or the related PBAF subunit BRG1, en-
coded by the gene SMARCA4, prevents formation
of the intact PBAF complex (20). We performed
gene-expression analyses of BAF180-null (A704)
cell lines versus PBAF–wild type (A704-BAF180) cell
lines, as well as BRG1-null (A704-BAF180BRG1−/−)
cell lines versus A704-BAF180 cell lines (Fig. 4A).
Differential gene-expression analysis showed sub-
stantial overlaps (~50%) between the top 100 genes
differentially expressed in A704 versus A704-
BAF180 cell lines andA704-BAF180BRG1−/− versus
A704-BAF180 cell lines (table S4). This reflects
the fact that BAF180 is essential to the PBAF, but
not the BAF, complex, whereas BRG1 is a re-
quired subunit of both. Thus, the BAF180-null
and BRG1-null cell lines have some shared char-
acteristics but are also biologically and pheno-
typically distinct.
Gene set enrichment analysis (GSEA) on 50

“hallmark” gene sets representingmajor biological
processes (21) revealed five gene sets whose ex-
pression was significantly enriched in cell lines
that were PBAF deficient. These included genes
linked to IL-6 (interleukin-6)–JAK-STAT3 (Janus
kinase–signal transducers and activators of tran-
scription 3) signaling, TNF-a signaling via NF-kB,
and IL-2–STAT5 signaling (Fig. 4A and table S5,

A and B). As expected, the hallmark hypoxia gene
set was upregulated in A704 versus A704-BAF180
cell lines [family-wise error rate (FWER) q=0.071]
(table S5A) (20). Across themore refined “founder”
gene sets describing these five significantly en-
riched hallmark gene sets, the most strongly en-
riched gene set in PBAF-deficient cell lines was
the Kyoto Encyclopedia of Genes and Genomes
(KEGG) cytokine-cytokine receptor interaction
gene set (FWER q = 0.0020 for A704 versus A704-
BAF180, and q = 0.023 for A704-BAF180BRG1−/−

versus A704-BAF180) (Fig. 4A and table S5, C to L).
This gene set includes both immune-stimulatory
(e.g., IL12, CCL21) and immune-inhibitory (e.g.,
IL10) genes, but GeneOntology term analysis (11)
showed that the genes most strongly enriched in
PBAF-deficient cell lines were immune stimula-
tory (table S6). Previously reported GSEA analysis
of untreated ccRCC from The Cancer Genome
Atlas (TCGA) database and a murine model of
PBRM1 loss also show amplified transcriptional
outputs of hypoxia-inducible factor 1 (HIF1) and
STAT3, involved in hypoxia response and JAK-
STAT signaling, respectively, in PBRM1-mutant
versus PBRM1–wild type states (19). GSEA analy-
sis of RNA-seq from pretreatment tumors in the
discovery and validation cohorts of this study
(n = 18 PBRM1-LOF versus n = 14 PBRM1-intact)

confirmed increased expression of the hypoxia
and IL-6–JAK-STAT3 gene sets in the PBRM1-LOF
tumors (Fig. 4B and tables S7, A and B, and S8).
Given JAK-STAT3 pathway gene involvement in
the interferon gamma (IFN-g) signaling pathway
and IFN-g–dependent cancer immunostimulation
(22), differential expression of these genes may
affect the response of PBRM1-LOF patients to
anti–PD-(L)1 therapy.
In addition to assessing tumor-intrinsic gene

expression with GSEA, we further characterized
the quality of the tumor-immunemicroenviron-
ment in PBRM1-LOF versus PBRM1-intact ccRCC
in three independent cohorts: patients from the
TCGA database (6), an independent cohort of
untreated ccRCC tumors (Sato) (23), and patient
tumors from this study (table S8). In all three co-
horts, tumors harboring LOFmutations inPBRM1
showed lower expression of immune-inhibitory
ligands (e.g., CD276 andBTLA) (24) than thosewith-
out PBRM1mutations. This findingwas somewhat
unexpected, as high PD-L1 staining is associated
with increased responsiveness to anti–PD-(L)1
agents in other cancer types (25, 26). However,
the magnitudes of these differences were small
and potentially confounded by differing degrees
of tumor-stromal admixture (fig. S7, A to C) (9).
We also examined LOF mutations in VHL, the
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Fig. 2. Analysis of tumor-genome features in discovery cohort reveals a
correlation between PBRM1 LOFmutations and clinical benefit from
anti–PD-1 therapy. (A) Mutations in the discovery cohort. Patients are
ordered by response category, with tumor mutation burden in decreasing
order within each response category. Shown are all genes that were
recurrently mutated at a significant frequency, as assessed by MutSig2CV
analysis (table S1E). CNA, copy-number alteration. (B) Enrichment of
truncating mutations in tumors from patients in the CB versus NCB groups.
Red dashed line denotes q<0.1 (Fisher’s exact test). Mutations in genes above

the black dotted line are enriched in tumors of patients with clinical benefit
from anti–PD-1 therapy, and mutations in genes below the line are enriched in
tumors of patients with no clinical benefit. (C) Kaplan-Meier curve comparing
overall survival of patients treated with anti–PD-1 therapy whose tumors did
or did not harbor LOFmutations in PBRM1. See also fig. S5 for Kaplan-Meier
curve comparing PFS of these patients. (D) Spider plot showing objective
decrease in tumor burden in PBRM1-LOF (light blue) versus PBRM1-intact
(yellow) tumors.Three patients with early progression on anti–PD-1 therapy
and truncating mutations in PBRM1 (dark blue) had long and/or censored OS.
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perturbations in the PBAF complex (20). Loss of
BAF180 or the related PBAF subunit BRG1, en-
coded by the gene SMARCA4, prevents formation
of the intact PBAF complex (20). We performed
gene-expression analyses of BAF180-null (A704)
cell lines versus PBAF–wild type (A704-BAF180) cell
lines, as well as BRG1-null (A704-BAF180BRG1−/−)
cell lines versus A704-BAF180 cell lines (Fig. 4A).
Differential gene-expression analysis showed sub-
stantial overlaps (~50%) between the top 100 genes
differentially expressed in A704 versus A704-
BAF180 cell lines andA704-BAF180BRG1−/− versus
A704-BAF180 cell lines (table S4). This reflects
the fact that BAF180 is essential to the PBAF, but
not the BAF, complex, whereas BRG1 is a re-
quired subunit of both. Thus, the BAF180-null
and BRG1-null cell lines have some shared char-
acteristics but are also biologically and pheno-
typically distinct.
Gene set enrichment analysis (GSEA) on 50

“hallmark” gene sets representingmajor biological
processes (21) revealed five gene sets whose ex-
pression was significantly enriched in cell lines
that were PBAF deficient. These included genes
linked to IL-6 (interleukin-6)–JAK-STAT3 (Janus
kinase–signal transducers and activators of tran-
scription 3) signaling, TNF-a signaling via NF-kB,
and IL-2–STAT5 signaling (Fig. 4A and table S5,

A and B). As expected, the hallmark hypoxia gene
set was upregulated in A704 versus A704-BAF180
cell lines [family-wise error rate (FWER) q=0.071]
(table S5A) (20). Across themore refined “founder”
gene sets describing these five significantly en-
riched hallmark gene sets, the most strongly en-
riched gene set in PBAF-deficient cell lines was
the Kyoto Encyclopedia of Genes and Genomes
(KEGG) cytokine-cytokine receptor interaction
gene set (FWER q = 0.0020 for A704 versus A704-
BAF180, and q = 0.023 for A704-BAF180BRG1−/−

versus A704-BAF180) (Fig. 4A and table S5, C to L).
This gene set includes both immune-stimulatory
(e.g., IL12, CCL21) and immune-inhibitory (e.g.,
IL10) genes, but GeneOntology term analysis (11)
showed that the genes most strongly enriched in
PBAF-deficient cell lines were immune stimula-
tory (table S6). Previously reported GSEA analysis
of untreated ccRCC from The Cancer Genome
Atlas (TCGA) database and a murine model of
PBRM1 loss also show amplified transcriptional
outputs of hypoxia-inducible factor 1 (HIF1) and
STAT3, involved in hypoxia response and JAK-
STAT signaling, respectively, in PBRM1-mutant
versus PBRM1–wild type states (19). GSEA analy-
sis of RNA-seq from pretreatment tumors in the
discovery and validation cohorts of this study
(n = 18 PBRM1-LOF versus n = 14 PBRM1-intact)

confirmed increased expression of the hypoxia
and IL-6–JAK-STAT3 gene sets in the PBRM1-LOF
tumors (Fig. 4B and tables S7, A and B, and S8).
Given JAK-STAT3 pathway gene involvement in
the interferon gamma (IFN-g) signaling pathway
and IFN-g–dependent cancer immunostimulation
(22), differential expression of these genes may
affect the response of PBRM1-LOF patients to
anti–PD-(L)1 therapy.
In addition to assessing tumor-intrinsic gene

expression with GSEA, we further characterized
the quality of the tumor-immunemicroenviron-
ment in PBRM1-LOF versus PBRM1-intact ccRCC
in three independent cohorts: patients from the
TCGA database (6), an independent cohort of
untreated ccRCC tumors (Sato) (23), and patient
tumors from this study (table S8). In all three co-
horts, tumors harboring LOFmutations inPBRM1
showed lower expression of immune-inhibitory
ligands (e.g., CD276 andBTLA) (24) than thosewith-
out PBRM1mutations. This findingwas somewhat
unexpected, as high PD-L1 staining is associated
with increased responsiveness to anti–PD-(L)1
agents in other cancer types (25, 26). However,
the magnitudes of these differences were small
and potentially confounded by differing degrees
of tumor-stromal admixture (fig. S7, A to C) (9).
We also examined LOF mutations in VHL, the
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Fig. 2. Analysis of tumor-genome features in discovery cohort reveals a
correlation between PBRM1 LOFmutations and clinical benefit from
anti–PD-1 therapy. (A) Mutations in the discovery cohort. Patients are
ordered by response category, with tumor mutation burden in decreasing
order within each response category. Shown are all genes that were
recurrently mutated at a significant frequency, as assessed by MutSig2CV
analysis (table S1E). CNA, copy-number alteration. (B) Enrichment of
truncating mutations in tumors from patients in the CB versus NCB groups.
Red dashed line denotes q<0.1 (Fisher’s exact test). Mutations in genes above

the black dotted line are enriched in tumors of patients with clinical benefit
from anti–PD-1 therapy, and mutations in genes below the line are enriched in
tumors of patients with no clinical benefit. (C) Kaplan-Meier curve comparing
overall survival of patients treated with anti–PD-1 therapy whose tumors did
or did not harbor LOFmutations in PBRM1. See also fig. S5 for Kaplan-Meier
curve comparing PFS of these patients. (D) Spider plot showing objective
decrease in tumor burden in PBRM1-LOF (light blue) versus PBRM1-intact
(yellow) tumors.Three patients with early progression on anti–PD-1 therapy
and truncating mutations in PBRM1 (dark blue) had long and/or censored OS.
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INTERPLAY OF PD-L1 AND TILS
PD-L1 is only 1 component of a complex system
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PD-L1 IS A REASONABLE PREDICTOR IN 1ST LINE
Enrichment for CR can be achieved by PD-L1 status in mRCC

Pembrolizumab1 Atezolizuamb2 Ipilimumab + nivolumab3

PD-L1+ PD-L1- PD-L1+ PD-L1- PD-L1+ PD-L1-
ORR 50 26 28 NR 53 36
PR 44 26 13 NR 39 27
CR 7 0 15 NR 14 9

1McDermott et al. ASCO 2018: 4500. 2McDermott et al. Nat Med 2018 pp1-14. 3Escudier et al. ESMO 2017: LBA5



PD-L1 STATUS IS PREDICTIVE FOR IPI-NIVO

284 202 155 119 102 90 70 23 9 1 0

278 200 138 105 83 67 43 25 11 1 0

PD-L1 <1% (n = 562) PD-L1 ≥1% (n = 214)

HR (95% CI) 0.48 (0.28–0.82) 
P = 0.0003

Median PFS, months (95% CI)
NIVO + IPI 22.8 (9.4–NE)
SUN 5.9 (4.4–7.1)

HR (95% CI) 1.00 (0.74–1.36) 
P = 0.9670

Median PFS, months (95% CI)
NIVO + IPI 11.0 (8.1–14.9)
SUN 10.4 (7.5–13.8)

NIVO

SUN

No. at  
Risk

100 77 61 54 50 48 41 21 8 2 0

114 63 40 24 17 13 9 4 0 0 3
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HOWEVER, IT LACKS PROGNOSTIC ABILITY

Motzer et al. SITC 2017: O38



BEST OF BOTH WORLDS - TIME TO RE-THINK
VEGFi-CPI combos dilute predictivity of risk categories

Motzer et al, ESMO 2018 LBA6_PR

JAVELIN101: AXI-AVELU

Mod. Motzer R et al. ASCO-GU 2018, Abstract No. 578



CAN WE DO BETTER? 
Genetic signatures may dissect treatment strategies

Mod. Rini BI et al. ESMO 2018, Proffered paper session – Genitourinary tumours, non prostate, Abstract No. LBA31
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IMMOTION151: T-EFFECTOR CELLS 
Teff high RCC are more responsive to ATEZO-BEV

Mod. Rini BI et al. ESMO 2018, Proffered paper session – Genitourinary tumours, non prostate, Abstract No. LBA31

T-effectorLow

PF
S

Months

Sunitinib (n=182)

Atezo + Bev (n=164)

PF
S

T-effectorHigh

Sunitinib (n=234)

Atezo + Bev (n=243)

Months

HR (95% CI)

T-effectorLow T-effectorHigh

Atezo + Bev vs. Sunitinib 0.91 (0.73, 1.14) 0.76 (0.59, 0.99)

8.41 9.72 8.34 12.45

• T-effector gene signature did not differentiate PFS within the Sunitinib or Atezolizumab + Bevacizumab treatment arms



CONCLUSIONS



CONCLUSIONS

• pre-therapeutic marker guide treatment choice in mRCC



CONCLUSIONS

• pre-therapeutic marker guide treatment choice in mRCC
• Current clinical risk categories are both, predictive and prognostic 



CONCLUSIONS

• pre-therapeutic marker guide treatment choice in mRCC
• Current clinical risk categories are both, predictive and prognostic 
• QoL, PBRM1, TP53 and BAP1 are candidate markers for further advancement



CONCLUSIONS

• pre-therapeutic marker guide treatment choice in mRCC
• Current clinical risk categories are both, predictive and prognostic 
• QoL, PBRM1, TP53 and BAP1 are candidate markers for further advancement
• On-treatment markers are more difficult to interpret 



CONCLUSIONS

• pre-therapeutic marker guide treatment choice in mRCC
• Current clinical risk categories are both, predictive and prognostic 
• QoL, PBRM1, TP53 and BAP1 are candidate markers for further advancement
• On-treatment markers are more difficult to interpret 
• Improvement in QoL or quality of response correlate with better prognosis



CONCLUSIONS

• pre-therapeutic marker guide treatment choice in mRCC
• Current clinical risk categories are both, predictive and prognostic 
• QoL, PBRM1, TP53 and BAP1 are candidate markers for further advancement
• On-treatment markers are more difficult to interpret 
• Improvement in QoL or quality of response correlate with better prognosis
• PD-L1 enriches for complete responses during CPI treatment



CONCLUSIONS

• pre-therapeutic marker guide treatment choice in mRCC
• Current clinical risk categories are both, predictive and prognostic 
• QoL, PBRM1, TP53 and BAP1 are candidate markers for further advancement
• On-treatment markers are more difficult to interpret 
• Improvement in QoL or quality of response correlate with better prognosis
• PD-L1 enriches for complete responses during CPI treatment
• Combinations of TKI + CPI require novel marker for prediction


