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Introduction

In 2020, an estimated 73,750 number of patients will be diagnosed with renal cell
carcinoma (RCC), and of these, 14,830 may die of the disease [1]. Of those diag-
nosed, the vast majority (~90%) will present with localized disease. For patients
with localized disease, the cornerstone of therapy is surgery — depending on a num-
ber of factors including size and extent, partial nephrectomy or radical nephrectomy
may be attempted. For individuals who have significant comorbidity and for those
with smaller lesions, local approaches such as cryoablation or radiofrequency abla-
tion may be feasible. One challenge is that, despite the use of these definitive inter-
ventions, patients may still recur with metastatic disease. While improvements in
systemic therapy have occurred, the unfortunate reality is that most patients with
metastatic disease are incurable.

For this reason, aggressive efforts have been made to develop adjuvant therapies
for RCC. The US FDA approved adjuvant therapy with sunitinib in 2017; this was
based on the phase III S-TRAC clinical trial [2]. However, this study was quite con-
troversial given the demonstration of only a modest benefit in disease-free survival
(DFS) with sunitinib over placebo in patients with high-risk localized
RCC. Furthermore, the study demonstrated no benefit in overall survival (OS).
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Flanking this dataset were several other publications that cited no benefit with adju-
vant targeted therapy. For example, the ASSURE trial compared sunitinib and
sorafenib to placebo and showed no benefit in DFS or OS, and the PROTECT trial
comparing pazopanib to placebo had similar results [3]. With this in mind, attention
has turned to the development of adjuvant immunotherapy approaches for localized
RCC. Several completed and ongoing studies compare checkpoint inhibitor (CPI)
monotherapy or combination therapy for varying durations. These are the subject of
other chapters in this textbook.

In the current chapter, we will focus our attention on the role of biomarkers in
identifying benefit with immunotherapy for RCC. It is well recognized that not all
patients benefit from immunotherapy, and in the adjuvant setting, where a high ther-
apeutic index is essential, biomarkers may allow for optimized application of
immunotherapy.

Predictive Markers of Immunotherapy

PD-L1 Expression

In current clinical practice, CPIs abrogate signaling through three primary targets:
(1) cytotoxic T-lymphocyte-associated protein 4 (CTLA4), (2) programmed cell
death protein 1 (PD-1), and (3) programmed cell death ligand 1 (PD-L1). PD-1 and
CTLAA4 are on the T-cell surface, while PD-L1 is expressed on the antigen-presenting
cell (APC). Trials in adjuvant therapy for RCC utilize agents directed at each of
these targets. The first adjuvantimmunotherapy trial to be initiated was IMmotion010,
a trial comparing atezolizumab (a PD-L1 inhibitor) to placebo. KEYNOTE-564 was
initiated shortly thereafter, comparing pembrolizumab to placebo. Other periopera-
tive trials have since emerged evaluating nivolumab, durvalumab with tremelim-
umab, and nivolumab with ipilimumab. Each of these agents has data in the context
of metastatic RCC (mRCC), and in most, there is detailed information regarding the
prognostic and predictive potential of PD-L1 status.

PD-L1 status is complex — there are a variety of antibodies used to characterize
PD-L1, and each has a different sensitivity as well as specificity for tumor and/or
immune cells. The phase III CheckMate 214 trial comparing nivolumab with ipili-
mumab to sunitinib is perhaps the best opportunity to evaluate the role of PD-L1, as
the study juxtaposes a targeted therapy regimen against an immunotherapy regimen.
A recent update at the 2020 American Society of Clinical Oncology (ASCO) Annual
Meeting offered a detailed assessment of PD-L1 status in this trial, using a separate
assessment of PD-L1 in tumor cells and a combined positive score (CPS) evaluating
PD-L1 expression in both tumor cells and immune cells. For this assessment, the
Dako PD-L1 IHC 28-8 antibody was used. In the tumor cell PD-L1 assessment, 754
patients were noted to have <1% expression, while 236 patients had 1% or greater
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expression. Although the magnitude of survival benefit was greater in those indi-
viduals with 1% or greater expression, an OS advantage was seen in both subsets
with nivolumab and ipilimumab as compared to sunitinib. Using the PD-L1 CPS
yielded a similar observation. Notably, using this method, a total of 384 patients had
a score of <1, while 596 had a score of 1 or greater — a more even distribution of
patients.

The role of PD-L1 has also been assessed in the context of two other recent piv-
otal trials in the front-line setting of mRCC, namely, KEYNOTE-426 and JAVELIN
Renal 101. The KEYNOTE-426 study compared axitinib with pembrolizumab to
sunitinib, while the JAVELIN Renal 101 study compared axitinib with avelumab to
sunitinib. Both studies met their primary endpoint of demonstrating a progression-
free survival benefit with the combination of axitinib with CPL. Only KEYNOTE-426
has yielded a survival advantage to date, however [4]. Both studies included an
assessment of PD-L1 status, with the benefit of combination therapy occurring in
both PD-L1-positive and PD-L1-negative groups. Currently, there are no adjuvant
trials evaluating a combined strategy of targeted therapy with immunotherapy, but
these data may be informative in smaller neoadjuvant trials exploring this concept
(e.g., an ongoing study of axitinib with avelumab).

Gene Signatures

One of the most informative biomarker studies to date in mRCC is the randomized,
phase IT IMmotion150 trial. This study assessed the combination of bevacizumab
with atezolizumab compared to atezolizumab monotherapy, with sunitinib repre-
senting the control arm. With over 100 patients per arm and robust correlatives, this
was a sizeable experience. RNA sequencing allowed for determination of three
unique subtypes of patients — (1) an angiogenic profile; (2) T effector high, myeloid
inflammation low profile; and (3) T effector high, myeloid inflammation high pro-
file. As the profile name implies, patients with an angiogenic profile fared better
with VEGF-directed therapy. Patients with a T effector high, myeloid inflammation
low profile did similarly well with atezolizumab monotherapy and the combination
with bevacizumab. Interestingly, patients with a T effector high, myeloid inflamma-
tion high profile “required” the combination of bevacizumab with atezolizumab [5].

This gene signature from IMmotion150 has been assessed in the context of
several recent studies. In the JAVELIN Renal 101 study, several signatures were
assessed. Notably, a 26-gene score was derived within the JAVELIN study that
included a diverse array of immune response genes — a high score using this met-
ric was able to discern superior outcome with the combination of axitinib with
avelumab as compared to sunitinib. When the IMmotion150 score was applied in
the JAVELIN Renal 101 study, it was interesting to note that the angiogenesis-
high group fared better with sunitinib — no other significant differences were
noted [6].
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RNA sequencing data was also recently presented from the CheckMate 214
study. In this undertaking, 109 specimens were available from patients receiving
nivolumab with ipilimumab, and 104 samples were available from patients receiv-
ing sunitinib. Within this limited subset, various gene signatures (including the
IMmotion150 and JAVELIN Renal 101 signatures) were explored. Interestingly, the
only notable differences were in the angiogenic score once again. Consistent with
the previous experience, patients with a high angiogenic score appear to fare better
with sunitinib as compared to nivolumab with ipilimumab with respect to
progression-free survival. However, there is no significant difference in OS [7].

Genomic Predictors of Outcome

There is emerging evidence that, beyond genomic signatures, single genes may be
effective predictors of clinical outcome. PBRMI is a chromatin remodeling gene
that may be associated with immunotherapy response. In a study combining patients
from a prospective assessment of nivolumab in mRCC with several institutional
registries, response to immunotherapy appeared to be enriched in those patients
with PBRM I mutation. This high-profile publication was followed by several efforts
to validate PBRM1 in recent phase III clinical trials. In the JAVELIN Renal 101
study, no association between PBRM and outcome was reported [6]. Furthermore,
in a recent assessment of patients in CheckMate 214, there was also no significant
difference in PFS or OS based on PBRM1 status [7].

As the quest for novel biomarkers continues, our group has recently reported an
assessment of 91 patients with mRCC. In our study, we identified 58 patients who
had received VEGF-TKI and/or immunotherapy [8]. TERT promoter mutations
were associated with lack of clinical benefit with immunotherapy in this cohort.
Given the limited sample size, prospective validation of these findings is warranted.

Microbiome

A fascinating but admittedly early foray in biomarker research in mRCC is evalua-
tion of the microbiome. Our group was the first to characterize the microbiome in
mRCC. In a small cohort of 20 patients with mRCC, we collected stool and per-
formed 16S ribosomal RNA profiling at varying timepoints during VEGF-TKI ther-
apy [9]. Our findings indicated that higher levels of Bacteroides spp. were found in
patients with treatment-induced diarrhea; lower levels of Prevotella spp. were found
in the same patients.

More sophisticated metagenomic sequencing has since evolved to characterize
gut bacterial composition. This was applied in a large series of patients with both
mRCC and metastatic non-small cell lung cancer treated at the Institut Gustave
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Roussy. In 40 patients with mRCC, it was suggested that higher levels of Akkermansia
spp. were associated with treatment response [10]. In separately published studies,
the same group has also identified that antibiotic use may potentially influence clini-
cal outcome, perhaps by reducing populations of “immunotherapy-sensitizing bac-
teria” [11].

Our group has recently performed a detailed study of 31 patients with mRCC
initiating therapy with checkpoint inhibitors. Stool was collected at baseline and at
varying timepoints during therapy. In contrast to the French group, our study pointed
most strongly to Prevotella copri as a predictor of immunotherapy response. As we
were able to temporally characterize changes in stool profile, our findings did sug-
gest an increase in Akkermansia spp. in those patients who responded to immuno-
therapy. Finally, our results also suggested that stool bacterial diversity correlated
with treatment response.

These cumulative results have led to the design of a randomized, phase I study
exploring the probiotic CBM-588 in combination with immunotherapy. CBM-588
represents spores of Clostridium butyricum. Spores of C. butyricum theoretically
generate and release butyrate in the lower intestinal tract. By doing so, they may
enhance proliferation of Bifidobacteria and other species that have been associated
with treatment response.

Conclusions and Future Directions

The biomarkers discussed herein are the most well established we have to predict
outcome with immunotherapy in patients with RCC. Of course, these have all been
validated in the metastatic setting. Definitive data for these biomarkers in the non-
metastatic setting will only emerge once there are preliminary data available from
the phase III trials evaluating adjuvant immunotherapy. Smaller studies of neoadju-
vant therapy may provide some insight but will unlikely be practice changing.

It is of critical importance that this research progresses in the adjuvant setting.
Immunotherapy, although well tolerated by many patients, does come with poten-
tially severe consequences. Reports of rapid and fatal myocarditis have recently
emerged in the literature, and truthfully, any immune-related toxicity can have dire
consequences if not managed aggressively and in a timely fashion. Using biomark-
ers to identify those individuals who are most prone to benefit from immunotherapy
will ultimately limit unnecessary exposure to these agents. Although a considerable
investment in time, money, and effort, this line of research is bound to save lives
(Fig. 17.1 and Table 17.1).

Disclosures SKP reports previous consulting roles for Genentech, Aveo, Eisai, Roche, Pfizer,
Novartis, Exelixis, Ipsen, BMS, and Astellas.
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PD-L1 EXPRESSION

An inflammatory tumor microenvironment has been
linked with a favorable response to combination

therapy because the inflammed profile suggests a pre-

existing tumor response that was arrested.
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VEGF is a key mediator of angiogenesis (blood vessel formation) in tumors. An
inhibitor that targets this growth factor would prevent the formation of new
blood vessels and arrest the growth of pre-existing ones thereby
slowing/inhibiting the growth of the tumor.
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Fig. 17.1 Comprehensive overview of potential biomarkers in the setting of RCC as assessed in
various clinical trials

Table 17.1 IMmotion150 PFS results based on Angio gene signature and validation in separate
studies. Angio high > median, Angio low < median

Author
(reference)

McDermott (Nat
Med 2018)

Result

HR 0.31 (0.18-0.55) in favor of Angio''s" in patients
treated with sunitinib. p < 0.001

No significant PFS difference based on Angio gene
signature when treated with atezolizumab + bevacizumab
or atezolizumab alone

HR 0.59 (0.35-0.98) in favor of atezolizumab +
bevacizumab vs sunitinib in Angio**" patients

HR of 0.64 (0.48-0.85) in favor of Angio"e" in patients
treated with sunitinib. p = 0.0018

No significant PES difference based on Angio gene
signature within the avelumab + axitinib arm

In the Angio™*" subset, avelumab + axitinib improved PFS
Vs sunitinib

HR 0.58 (0.37-0.92) in favor of Angio''=" in patients
treated with sunitinib. p < 0.05

No significant PES difference based on Angio gene
signature when treated with nivolumab + ipilimumab

Study
IMmotion150

Choueiri (JCO
2019)

JAVELIN renal
101

Motzer (JCO
2020)

CheckMate 214
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