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ABSTRACT

Background: Biomarkers predicting immunotherapy response in metastatic renal cell cancer (mRCC) are
lacking. PD-L1 immunohistochemistry is a complementary diagnostic for immune checkpoint inhibitors
(ICls) in mRCC, but has shown minimal clinical utility and is not used in routine clinical practice.
Methods: Tumor specimens from 56 patients with mRCC who received nivolumab were evaluated for PD-
L1, cell proliferation (targeted RNA-seq), and outcome.

Results: For 56 patients treated with nivolumab as a standard of care, there were 2 complete responses
and 8 partial responses for a response rate of 17.9%. Dividing cell proliferation into tertiles, derived from
the mean expression of 10 proliferation-associated genes in a reference set of tumors, poorly proliferative
tumors (62.5%) were more common than moderately (30.4%) or highly proliferative (8.9%) counterparts.
Moderately proliferative tumors were enriched for PD-L1 positive (41.2%), compared to poorly prolifera-
tive counterparts (11.4%). Objective response for moderately proliferative (29.4%) tumors was higher than
that of poorly (11.4%) proliferative counterparts, but not statistically significant (p = .11). When cell
proliferation and negative PD-L1 tumor proportion scores were combined statistically significant results
were achieved (p = .048), showing that patients with poorly proliferative and PD-L1 negative tumors have
a very low response rate (6.5%) compared to moderately proliferative PD-L1 negative tumors (30%).
Conclusions: Cell proliferation has value in predicting response to nivolumab in clear cell mRCC patients,
especially when combined with PD-L1 expression. Further studies which include the addition of progression-
free survival (PFS) along with sufficiently powered subgroups are required to further support these findings.

ARTICLE HISTORY
Received 1 October 2019
Revised 29 April 2020
Accepted 1 May 2020

KEYWORDS
Nivolumab; renal cell
carcinoma; PD-1; PD-L1;
proliferation; Ki-67

Phase III Checkmate-214 trial® that randomized patients with
mRCC to either ipilimumab-nivolumab or sunitinib. In this
study PD-L1, positive tumors constituted the majority of
patients who achieved a CR (34/40; 85%), but still did not
significantly distinguish responders from nonresponders in
the overall population. In 2019, the combinations of axitinib
with avelumab and axitinib with pembrolizumab were
approved as first-line therapy for previously untreated
advanced renal cell carcinoma, based on the results of the

Introduction

Immune checkpoint inhibitors (ICIs) have revolutionized the
treatment of metastatic renal cell carcinoma (mRCC). In 2015,
nivolumab (Opdivo®) became the first programmed cell death
1 (PD-1, CD279, or PDCD1) inhibitor to be approved by the
US Food and Drug Administration for use in patients with
mRCC progressing after prior antiangiogenic therapy (suniti-
nib, pazopanib, or axitinib)." This approval was based on the
results of the Phase III Checkmate-025 trial,>> which rando-

mized VEGF-refractory patients to either everolimus, an
mTOR inhibitor, or nivolumab. In this study, both PD-L1
negative and PD-L1 positive patients benefited from nivolu-
mab compared with everolimus; therefore, PD-L1 status was
deemed not predictive for response. In 2018, the combination
of nivolumab and ipilimumab (Yervoy®) was approved as first-
line therapy in intermediate or poor risk, previously untreated
advanced renal cell carcinoma* based upon the results of the

phase III Javelin Renal 101° and Keynote 426, respectively.
In Javelin Renal 101, progression-free survival for the PD-L1-
positive cohort was the primary endpoint, but did not differ
between the PD-L1 positive cohort and the intention-to-treat
population (median PFS 13.8 months for PD-L1 positive and
ITT population treated with avelumab/axitinib).® In Keynote
426, the PD-L1 high and low cohorts had similar OS outcomes
(HR 0.54 (95% CI 0.35-0.84) for PD-L1 high vs HR 0.59 (95%
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CI 0.34-1.03) for PD-L1 low).” Based on these results, PD-L1
status does not currently play a role in treatment selection for
first-line management of mRCC. In the ongoing phase II trial
KEYNOTE-427,° evaluating pembrolizumab (Keytruda®, from
Merck) as first-line treatment for advanced RCC, interim
results reported at ASCO 2018 for 82 patients in cohort
A (clear cell RCC) did show a higher objective response rate
for patients whose tumor expressed PD-L1 on neoplastic or
immune cells in a combined positive score (CPS) >1. While
similar observations in NSCLC have led to the FDA compa-
nion diagnostic for pembrolizumab treatment using PD-LI
expression levels assessed by the PD-L1 22C3 pharmDx assay
(from Agilent),” in the management of patients with metastatic
RCC, PD-L1 expression analysis has not demonstrated robust
predictive clinical utility. Based upon the current evidence, PD-
L1 THC as a complementary biomarker for response to check-
point inhibition in mRCC varies from no value for single-agent
nivolumab’ to less than 50% accuracy for pembrolizumab or
combination therapy.™ A population of mRCC patients with
negative PD-L1 expression, seemingly “negative biomarker”
patients, will still respond to ICI-based therapy, while many
of those with a positive result, seemingly “positive biomarker”
patients, still do not respond. We have previously shown in
non-small cell lung cancer (NSCLC) that the proliferation
status of the tumor is an additional biomarker of response
that enhances predictive utility compared to PD-L1 expression
alone,'? and therefore hypothesized that assessing proliferative
status could have similar value in mRCC. In this prior study of
120 NSCLC patients treated with ICIs, we showed that a cell
proliferation signature, derived from the mean expression of 10
proliferation-associated genes (namely BUB1, CCNB2, CDKI1,
CDKN3, FOXM1, KIAA0101, MAD2L1, MELK, MKI67, and
TOP2A), improved survival predictions in patients with both
PD-L1 positive and negative tumors. More specifically, there
was a significant survival advantage for moderately prolifera-
tive tumors compared to their combined highly/poorly prolif-
erative counterparts. Proliferation status also had an impact on
response in patients with both PD-L1 positive and negative
tumors. Herein, we explore the utility of adding proliferation
status to PD-L1 in determining ICI responses in mRCC.

Results
Patients

Fifty-six nivolumab-treated clear cell RCC patients were
included (16 females, 40 males; Table S2), with a median age
of 59 (mean 59.3; range 37-79) at the time of diagnosis. There
were 2 CR (3.6%), 8 PR (14.3%), 18 SD (32.1%), and 28 PD
(50.0%), for an overall objective response rate of 17.9%. At the
time of last follow-up (FU), 31 patients were alive (median FU
15.6 months, range 4.1-33.7 months) and 25 were deceased
(median FU 11 months, range 3-31.2 months).

Proliferative status

As compared to our prior results in NSCLC where poorly
proliferative tumors were uncommon, '° in mRCC they were
the most common group. Dividing cell proliferation into

tertiles using the mean gene expression of 10 proliferation-
related genes as compared to a separate reference population
of 735 patients with multiple tumor types, highly proliferative
tumors were uncommon accounting for 7.1% (4/56). There
were 30.4% moderately proliferative tumors (17/56), while
the majority were poorly proliferative tumors (35/56; 62.5%).
(Figure 2a, Table S1)."" To evaluate the impact of single gene
proliferation results, e.g. Ki-67, to the mean expression rank
values of all 10 proliferation-related genes, we evaluated accu-
racy (ie. true positive plus true negatives divided by total
number of results) for each gene individually (Table S3).
Accuracy ranged from a low of 64.3% for MAD2LI and Ki-67
to 75% for KIAA0101, as compared to the accuracy of 69.6% for
the mean expression rank values of all 10 proliferation-related
genes (Fig. S1). Sensitivity, positive predictive value, and nega-
tive predictive value were highest for the mean expression rank
values of all 10 proliferation-related genes (50%, 29.4%, 87.2%,
respectively). These results suggest that poorly proliferative
tumors are much more common in RCC as compared to
NSCLC, and it is possible to reach similar results for prolif-
erative status using only single gene evaluations for any of the
10 genes evaluated.

PD-L1 levels, tumor inflammation, and proliferative status

The rate of PD-L1 positive results in this study was very similar
to prior clinical trials, >»>® and tumors with positive PD-L1
expression were more frequently moderately proliferative as
compared to poorly proliferative tumors. PD-L1 TPS status
was positive in 21.4% (12/56) (Figure 2b), while PD-L1 CPS
was positive (CPS = 1) in 42.9% (24/56) (Figure 2c).
Moderately proliferative tumors had a statistically higher num-
ber of PD-L1 positive results (41.2%; 7 positive,10 negative), as
compared to poorly proliferative tumors (11.4%; 4 positive, 31
negative) by TPS scoring (p = .014) (Figure 2e). By CPS scor-
ing, which includes expression in both neoplastic and immune
cells, moderately proliferative tumors did not have
a statistically higher number of PD-L1 positive results (58.8%;
10 positive, 7 negative), as compared to poorly proliferative
tumors (31.4%; 11 positive, 24 negative) (p = .059) (Figure 2f).
While highly proliferative tumors showed frequent positive
PD-L1 expression, their total numbers were too small for
meaningful conclusions. Overall these results support that as
PD-L1 expression and moderately proliferative tumors are
correlated, and there may be an increase in the frequency of
PD-L1 expression in mRCC tumors as proliferation increases.

Tumor inflammation was assessed in a binary fashion simi-
lar to PD-L1 as negative or positive. Using RNA-seq CD8 rank
as a surrogate marker of tumor inflammation cases were
divided into the upper 50" percentile and considered as
inflamed, and a lower 50™ percentile as non-inflamed in com-
parison to a reference population. This arbitrary division
resulted in one-half of all cases considered as inflamed (50%;
28/56), and one-half as non-inflamed (50%; 28/56) (Figure 2d),
and showed no association with proliferation (p = .8306) with
a nearly equal number of highly, moderately, and poorly pro-
liferative tumors in each inflamed (2 highly, 8 moderately, 18
poorly proliferative) versus non-inflamed (2 highly, 9 moder-
ately, 17 poorly proliferative) group. These results support that



cell proliferation and tumor inflammation are separate vari-
ables, as opposed to the results for PD-LI.

Overall survival

For the two proliferation groups with sufficient patients for
analysis, median survival was not reached for moderately pro-
liferative tumors compared to 18 months for poorly prolifera-
tive tumors (p = .3) (Figure 3c). In a comparable fashion, for
PD-L1 expression median survival was reached for both groups
by either method of analysis, i.e. TPS (Figure 3a), or CPS
(Figure 3b), but was not statistically significant for PD-L1
positive tumors (p = .6, p = .61, respectively). Combining cell
proliferation and PD-L1 status using CPS, whereby the number
of PD-L1 positive versus negative was similar, no trend for
survival advantage was noted (p = .58) (Figure 3d).

Objective response

Proliferation and PD-L1 status was associated with best radio-
graphic responses in patients treated with immune checkpoint
blockade (objective response defined as complete or partial
responses). The results (Table 2, Figure 4) show that patients
with PD-L1 positive tumors have 2x or higher objective
response rate for either TPS (positive 33.3%, 4/12; negative
13.6%, 6/44) or CPS (positive 25%, 6/24; negative 12.5%, 4/
32) method of scoring, but statistical significance was not
reached with either (p = .114, p = .227, respectively).
Objective response for moderately proliferative (5/17, 29.4%)
tumors was higher than that of their poorly (4/35, 11.4%)
proliferative counterparts, but not statistically significant
(p = .108). Statistically significant results were achieved when
cell proliferation and negative PD-L1 TPS were combined
(p = .048), showing that patients with poorly proliferative and
PD-L1 negative tumors have a very low response rate (2/31,
6.5%) as compared to moderately proliferative PD-L1 negative
tumors (3/10, 30%) (Figure 4d). These results support that the
combination of proliferative and PD-L1 status may constitute
a predictive biomarker for the propensity of RCC patients to
respond to ICIs. More specifically, these results support that
cell proliferation has additive value in predicting lack of
response in RCC patients with negative PD-L1 expression,
which represents the majority of cases.

The response rate in inflamed tumors (21.4%; 6/28) was
slightly higher than in non-inflamed (14.3%; 4/28) tumors,
but not statistically different (p = .73). Likewise, statistically
significant results for OR were not achieved when cell prolif-
eration and tumor inflammation were combined for both
inflamed (p = .30) and non-inflamed (p = .90) tumors (Table
2). Overall these results support that tumor inflammation in
this limited cohort did not have discriminatory value for OR,
and that cell proliferation is independent of this variable for
response analysis.

In further support of this conclusion, a multivariate analysis
on all covariates using a binomial logistic regression model
showed that poorly proliferative tumors with no expression
of PD-L1 in neoplastic cells had a significant association with
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lack of objective response (Table 3; p < .1). Furthermore, the
analysis of deviance of each covariate (Table 3) suggests that
combining proliferation and PD-L1 expression in neoplastic
cells to a null model improved response prediction significantly
(p < .1). Collectively these results suggest that the proliferative
status of the tumor microenvironment may help further iden-
tify patients who will be unlikely to respond to single-agent
immune checkpoint blockade.

Discussion

Our initial findings, which are limited by the size and
retrospective nature of this study, suggest that poorly pro-
liferative clear cell RCC tumors with a lack of expression of
PD-L1 in neoplastic cells are associated with a lower clin-
ical response to nivolumab. The ultimate goal of targeted
RNA-seq to assess the proliferative status of the tumor
microenvironment is to improve clinical decision-making
surrounding the use of checkpoint inhibitors beyond assess-
ment of a single biomarker such as PD-L1 THC, '* tumor
mutational burden,"”” PD-L1 amplification,'* recurrent
genomic changes in RCC,"” or in many instances the use
of no biomarker at all.'® A poorly proliferative, PD-L1
negative subset of RCC tumors encompassed the majority
of cases in this study (n = 32/56), and the response rate of
6.5% should warrant further investigation for alternative
strategies for these patients, such as combination
approaches. Oncologists have not routinely used PD-L1
IHC as a complementary diagnostic for nivolumab therapy
in RCC due to lack of clinical utility in large phase 3
clinical trials similar to results for other tumor types.'”'®
Given the relatively recent approval of combination immu-
notherapy in RCC, we currently have no data to support
that proliferation status is predictive of responses to com-
bination immunotherapy.

While the number of moderately proliferative tumors in
this study was much fewer than poorly proliferative tumors,
our study suggests this subset of RCC may be more sensitive
to nivolumab, independent of tumor PD-L1 status, as both
moderately proliferative, PD-L1 positive and moderately pro-
liferative, PD-L1 negative tumors had similar rates of
response, of approximately 30%. Highly proliferative tumors,
as defined by an unbiased assessment of tertiles in compar-
ison to a reference population of 735 tumors of 29 different
tumor types, were quite uncommon in this study and were
only briefly mentioned for this reason. In our prior study of
120 NSCLC patients, highly and moderately proliferative
tumors were equally common, while poorly proliferative
were uncommon in NSCLC.'? Differences between these stu-
dies were noted, as RCC tumors were noted to have a much
lower overall rate of cell proliferation than NSCLC, but asso-
ciations with response and survival were similar. In this study
we show that RCC patients with poorly proliferative PD-L1
negative tumors have an extremely low rate of response to
nivolumab, while patients with moderately proliferative, both
PD-L1 positive and negative, constitute the majority of
responders. A potential unifying concept for cell proliferation
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across various tumor types is that while the overall rate of
proliferation is somewhat histology dependent, response is
not. In other words, different tumor types will be noted for
different proportions of poorly, moderately, and highly pro-
liferative tumors, but moderate proliferation status trends
toward an association with response to ICIs irrespective of
this distribution of proliferation status. It is also interesting to
note that tumor inflammation did not appear to have any
relationship with cell proliferation in this study suggesting
these are independent variables.

It is very important to note that the design of our study did
not use machine learning, or other methods of artificial ana-
lysis of the data, to derive our conclusions. High, moderate,
and poor rates of cell proliferation were based on an unbiased
evaluation of the tertiles of a group of 56 RCC as compared to
the proliferation status of a reference tumor population. At
such a formative stage of development, we did not evaluate
proliferation as a continuous variable for any single gene or
the mean rank of 10 genes, but this is a factor that needs to be
evaluated further in future studies. It is very possible that with
much larger cohorts of RCC patients, cell proliferation could
be used as a continuous risk score value. Certainly both of
these studies suggest that cell proliferation can be used as
a biomarker of response in PD-L1 negative tumors, indepen-
dent of histology.

Cell proliferation, as assessed by Ki-67 positivity by IHC,
has been extensively studied in RCC."””*' While not all of
these studies reached the same conclusion, a recent meta-
analysis of the peer-reviewed literature* of over 4,000 RCC
patients with Ki-67 positivity by IHC and survival data sup-
ports the generally accepted idea that a higher rate of Ki-67 is
associated with poorer survival, distant metastases, and
higher stage at presentation. It should be noted that all of
these studies supporting this meta-analysis were published
prior to the approval of nivolumab in RCC. In our prior
study of NSCLC we showed that cell proliferation by RNA-
seq has a reasonable correlation with Ki-67 IHC. In this and
our prior NSCLC study, we also showed that cell proliferation
as measured by the mean RNA-seq value of 10 proliferation-
related genes more accurately predicts response to ICIs than
by single-gene assessment. This does not mean that Ki-67, or
evaluation of other proliferation-related genes such as
TOP2A by IHC, is not a valid assessment of response to
ICIs in RCC, but these single markers of proliferation status
do warrant further evaluation.

While our work was not based upon a single, well-
structured clinical trial, samples were obtained from seven
different  institutions, and these data  represent
a heterogeneous, real-world clinical use of nivolumab in the
metastatic clear cell RCC population. As a retrospective study
across multiple institutions, there were also limitations for
data collection. Risk stratification was not available from all
sites and as such, was not a variable in the multivariate
analysis. The exclusion of ICI-treated patients who died in
less than 90 d post first dose checkpoint inhibitor did not
allow for an analysis of this important group due to the lack of
collection of ECOG performance score and our subsequent
inability to distinguish rapid progressors from poor overall
health. The number of patients in this study (n = 56) is also

a major limitation, but represents a set of patients with careful
clinical annotation and radiographic assessments matched
with molecular data on the tumor microenvironment.
Considering the limitations of this study in regard to the
lack of PFS and its relationship to cell proliferation, as well
as potentially underpowered subgroups, we believe that
further clinical evaluation of this biomarker is warranted.
However, we believe this study can create sufficient awareness
of cell proliferation as a biomarker of response to ICI therapy
until larger studies are performed.

In summary, we demonstrated initial findings that poorly
proliferative tumors could be associated with resistance to ICI-
based immunotherapy among PD-L1 negative clear cell RCC
patients. Assessing the expression levels of 10 proliferation-
related genes by RNA-seq stands out as a promising strategy for
improving clinical decision-making for nivolumab-treated RCC
patients.

Materials & methods
Patients and clinical data

Seven collaborating institutions obtained approval by their
respective institutional review boards (IRBs) to submit
existing de-identified specimens and associated clinical
data for use in this study. A total of 56 patients were
included in the study (Figure 1), based on the following

Advanced RCC patients treated with nivolumab (n=56)
>90 days survival from first dose date
ORR =17.9% [CR (n=2), PR (n=8), SD (n=18), PD (ND=28)]

v

PD-L1 expression by IHC

Tumor proportion score (TPS) positive at > 1%

Combined positive score (CPS) positive at >1

v

Cell proliferation by RNA-seq

Divided by tertiles: highly, moderately, and poorly proliferative

YR Y
NN N

.

Predictive value of PD-L1 IHC TPS & CPS

Predictive value of highly, moderately, and poorly proliferative

Predictive value of PD-L1 IHC combined with cell proliferation

N
N

Figure 1. Summary of patient disposition and exploratory analysis. A total of 56
patients with advanced clear cell RCC previously treated with nivolumab were
included in the study. All patients had survival data from the date of first dose of
nivolumab, and were evaluable by RECIST v1.1 for response. Patients were
evaluated for PD-L1 expression by IHC, cell proliferation, and a combination of
these two variables.
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41.2% PD-L1*
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®PD-LI*,TPS> 1% OPD-LI,TPS < 1%
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PD-L122C3 IHC TPS
n =56

21.4%

78.6%

HPD-L1, TPS>1%

OPD-L1, TPS<1%

d

Inflammation
n=>56

® Inflamed O Non-inflamed

PD-L1 CPS and cell proliferation
50

p=0.05895

40

31.4% PD-L1*

24

58.8% PD-L1*

10

75.0% PD-L1*

Highly Moderately Poorly
proliferative proliferative proliferative
W PD-L1°,CPS> 1 OPD-L1,CPS<1

Figure 2. Prevalence of cell proliferation and PD-L1 expression. (a) Proportion of RCC patients for cell proliferation by tertiles of poorly, moderately, and highly
proliferative. (b) Proportion of RCC patients for PD-L1 expression by IHC using a tumor proportion score (TPS) value of >1% as a positive result, or (c) a combined positive
score (CPS) value of =1 as a positive result. (d) Proportion of RCC tumors that are inflamed and non-inflamed. (e) Proportion of PD-L1 TPS positive or negative RCC
patients for tertiles of poorly, moderately, and highly proliferative. (f) Proportion of PD-L1 CPS positive or negative RCC patients for tertiles of poorly, moderately, and

highly proliferative.

criteria: (1) history of advanced RCC treated with ICI; (2)
availability of adequate archival formalin-fixed paraffin-
embedded (FFPE) tissue collected prior to treatment with
nivolumab; (3) availability of sequencing data; and (4)
availability of demographic, diagnosis, follow-up and

survival data. Table 1 summarizes the baseline clinical
characteristics of these patients (individual patient data
provided in Table S1).

Patients who were treated with nivolumab as approved
by the FDA as of November 2015 and had follow-up and
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Figure 3. Overall survival based upon PD-L1 IHC and cell proliferation status. (a) Overall survival upon stratification based on PD-L1 expression levels using TPS = 1% as
a cutoff for a positive result, or (b) CPS > 1 as a cutoff for a positive result. Number at risk and p values are reported. (c) Overall survival of poorly versus moderately
proliferative RCC patients. (d) Overall survival of poorly versus moderately proliferative RCC patients for PD-L1 TPS negative and positive results. Number at risk and

p values are reported.

survival from first dose (n = 56) from 2015 to 2017 were
included in this study. Patients who died within 90 d of
first dose or who lacked sufficient follow-up time for
response evaluation (less than 90 d from first dose) were
excluded from analysis. All patients were evaluated for
response based on RECIST vl.1 criteria and were desig-
nated as complete response (CR), partial response (PR),
stable disease (SD), and progressive disease (PD). CR and
PR were included in the objective response rate. The dura-

tion of response was not available for all patients and not
included for final analysis.

Immunohistochemical studies

The expression of PD-L1 on the surface of cancer cells was
assessed in all cases using the Dako Omnis Platform and the
FDA-approved 22C3 pharmDx antibody (Agilent, Santa
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Figure 4. Objective response based upon PD-L1 IHC and cell proliferation status. (a) Objective response rate for PD-L1 expression by IHC using a tumor proportion score
(TPS) value of >1% as a positive result, or (b) a combined positive score (CPS) value of >1 as a positive result. (c) Objective response rate for cell proliferation by tertiles of
poorly, moderately, and highly proliferative, or (d) combined with PD-L1 TPS negative tumors.

Table 1. Patient characteristics.

ICl Treated (n = 56)

Age at initial diagnosis (years)

<30
30-39
40-49
50-59
60-69
70-79
>80
Mean
Sex
Female
Male
Race
White
Other
Unknown
Vital status at last follow-up
Alive
Dead
Checkpoint inhibitor
nivolumab

0 (00.0)
1(01.8)
7 (12.5)
21 (37.5)
17 (30.4)
10 (17.9)
0 (00.0)
59

16 (28.6)
40 (71.4)

42 (75)
8 (14.3)
6 (10.7)

31 (55.4)
25 (44.6)

56 (100.0)

Clara, CA). PD-L1 levels were scored by a board-certified
anatomic pathologist as per published FDA-approved
guidelines,'” with a tumor proportion score (TPS) in neoplas-
tic cells of 21% considered positive. PD-L1 was also scored as
a combined positive score (CPS)18-43-44 evaluating both neo-
plastic and immune cells with a value of 21 considered posi-
tive, whereby the number of PD-L1 staining cells (tumor cells,
lymphocytes, macrophages) divided by the total viable tumor
cells is multiplied by 100.

RNA-sequencing

RNA was extracted from each sample and processed for tar-
geted RNA-seq, as previously described.'"** Gene expression
was evaluated by amplicon sequencing of 394 immune tran-
scripts on samples that met validated quality control (QC)
thresholds (Table S2).'! From this list of genes, we have pre-
viously identified 10 genes related to cell proliferation that
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Table 2. Objective response for cell proliferation and PD-L1 IHC.

Cell Proliferation PD-L1 IHC & Tumor Inflammation OR PD or SD Total Pts OR Rate X2 Test
moderately 5 12 17 29.4%
poorly 4 31 35 11.4% p =.1078
positive (TPS = 1%) 4 8 12 33.3%
negative (TPS < 1%) 6 38 44 13.6% p=.1143
positive (CPS = 1) 6 18 24 25%
negative (CPS < 1) 4 28 32 12.5% p = .2268
Inflamed 6 22 28 21.4% p=.7272
Non-inflamed 4 24 28 14.3%
moderate positive (TPS = 1%) 2 5 7 28.6%
poorly 2 2 4 50.0% p = 4773
moderately negative (TPS < 1%) 3 7 10 30.0%
poorly 2 29 31 6.5% p =.04784
moderate positive (CPS = 1) 3 7 10 30.0%
poorly 2 9 1 18.2% p =.5254
moderately negative (CPS < 1) 2 5 7 28.6%
poorly 2 22 24 8.3% p =.1599
moderate Inflamed 3 5 8 37.5% p =.2999
poorly 2 16 18 11.1%
moderate Non-inflamed 2 7 9 22.2% p =.8951
poorly 2 15 17 11.8%
Table 3. Multivariate analysis for prediction of no objective response.
Variable Estimate Std. Error z Value p Value
(Intercept) -14.4193 2399.5465 —0.006 1.00
Moderately Proliferative —0.28357 1.42382 —-0.199 0.84
Poorly Proliferative 0.49011 1.94147 0.252 0.80
TPS Positive 0.27982 1.41943 0.197 0.84
CPS Positive 0.09341 1.19393 0.078 0.94
Non-inflamed —-0.8986 0.9973 —-0.901 0.37
TPS Negative & Poorly Proliferative —3.43474 1.97113 —-1.743 0.08
Race: White 0.70445 1.40338 0.502 0.62
Sex: M —0.41891 1.06372 —0.394 0.69
Diagnosis Age: 40-49 14.25776 2399.5458 0.006 1.00
Diagnosis Age: 50-59 12.97483 2399.5457 0.005 1.00
Diagnosis Age: 60-69 15.04253 2399.5453 0.006 1.00
Diagnosis Age: 70-79 12.94012 2399.5457 0.005 1.00

Analysis of deviance of each covariate

Covariate Df Deviance Residual Degrees of Freedom Residual Deviation p Value (>Chi)
NULL 55 52.553

Proliferation 2 2.5801 53 49.973 0.28
PD.L1.statusTPS 1 1.0639 52 48.909 0.30
PD.L1.statusCPS 1 0.0423 51 48.866 0.84
ProliferationPoorly&PD.L1.statusNegative(TPS) 1 3.4945 50 45.372 0.06
Inflammation 1 0.8326 43 41.308 0.36
Race 1 0.0818 49 4529 0.77

Sex 1 0.1513 48 45.139 0.70
Diagnosis Age: 4 2.998 44 42141 0.56

supported response prediction in NSCLC,® and were utilized in
this study to evaluate response in RCC.

Data analysis

Cell proliferation was evaluated for association with objective
response and with PD-L1 IHC status as previously described."”
Briefly, the mean expression rank values of 10 proliferation-
related genes [BUBI, CCNB2, CDKI, CDKN3, FOXM]I,
KIAA0101, MAD2L1, MELK, MKI67 (better known as Ki-67),
and TOP2A] were used as an indicator for the proliferative
status of the tumor microenvironment. Tumors were stratified
into poorly, moderately, and highly proliferative based on an

unbiased tertile rank of expression of this gene signature as
compared to a separate reference population of 735 patients
with multiple tumor types. Survival analysis was performed
using a log-rank test on 5-y Kaplan—Meier survival curves for
PD-L1 levels assessed by IHC and the combined expression of
10 proliferation-related genes assessed by RNA-Seq.
Comparison of objective response rate was performed using
Chi-square test without Yate’s continuity correction.
Multivariate analysis was performed by fitting a binomial logis-
tic regression model to objective response labels and covariates
such as proliferation status, PD-L1 status, histology, race, sex,
and age category. Analysis of variance (ANOVA) was per-
formed on the fitted model to study the table of deviance to



determine the covariate that explains the most variance in
objective response rate.

List of abbreviations

CPS Combined Positive Score

CR Complete Response

FFPE Formalin-Fixed Paraffin-Embedded

ICI Immune Checkpoint Inhibitor

IHC Immunohistochemistry
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0S Overall Survival
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QcC Quality Control
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SD Stable Disease

TPS Tumor Proportion Score
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