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The use of checkpoint inhibitors in advanced and metastatic renal cell carcinomas (RCCs) has rapidly evolved over the
past several years. While immune-oncology (I0) drug therapy has been successful at resulting in improved responses
and survival, combination therapies with immune checkpoint inhibitors and vascular endothelial growth factor (VEGF)
inhibitors have further improved outcomes. This article reviews the landmark trials that have led to the approval of 10
therapies, including the Checkmate 214 trial and combination IO/VEGF TKI therapies with Checkmate 9ER, CLEAR, and
Keynote-426, and it includes a discussion on promising therapies moving in the future.
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| 1. Introduction

Cancers of the kidney and renal pelvis are the sixth most common cancers among men and the ninth most common
cancers in women. There will be an estimated number of 76,080 new cases of and 13,780 deaths from these cancers in
2021 W, Although there is a wide array of histology in these cancer types, the vast majority of kidney cancers are of clear
cell histology @Bl The work of the Cancer Genome Atlas Project [ resulted in the discovery that clear cell renal cell
carcinomas (ccRCCs) are defined primarily by mutations in the von-Hippel Lindau/hypoxia-inducible factor (VHL/HIF)
pathway, which is directly involved in angiogenesis B!. Inhibition of the mammalian target of rapamycin (mTOR) pathway is
one of several other known mechanisms of carcinogenesis.

Early-stage disease is primarily treated with surgical resection via a partial or radical nephrectomy &. Adjuvant therapy
with sunitinib can be offered in high-risk cases based on the results of the S-TRAC study [, though not widely used in
clinical practice due to perceived toxicity. While previously there were few effective systemic treatment options available
for advanced RCC, we have observed improved outcomes over the past two decades with the development of new anti-
VEGF targeted agents and immune checkpoint inhibitors (ICIs). The insights we have gained regarding RCC
pathogenesis from the TCGA study have been vital to the development of effective treatment regimens in this disease that
has been historically challenging to manage in its advanced stages.

There are several prognostic models that have been proposed for the risk classification of metastatic ccRCC. The most
commonly used classification systems in contemporary trials are the Memorial Sloan Kettering Cancer Center (MSKCC)
and the International Metastatic RCC Database Consortium (IMDC) models. The MSKCC model established serum
lactate dehydrogenase level (LDH), hemoglobin, Karnofsky performance status, corrected serum calcium level, and time
from diagnosis to treatment as predictors of outcome based on retrospective data 2. The IMDC model, initially validated
in 2009 and again in 2013, includes the same variables as the MSKCC model, with the exception that neutrophil count
and platelet count are used in lieu of serum LDH Bl |n both risk models, patients with no negative prognostic factors are
considered low or favorable risk. Patients with one or two prognostic factors are placed in the intermediate-risk group, and
those with three or more prognostic factors are considered poor risk. Most contemporary interventional trials include
subgroup analyses of outcomes based on the prognostic risk group. However, it should be noted that the MSKCC and
IMDC models were created and validated prior to the widespread use of ICIs in the treatment of metastatic ccRCC.

| 2. Immune Checkpoint Inhibitors as First-Line Therapy

The KEYNOTE-426 trial also compared the combination of an ICI (pembrolizumab) with a VEGFR TKI (axitinib) with
sunitinib in patients with advanced ccRCC in the first-line setting. After a median follow-up of 12.8 months, the median
PFS was 15.1 months in the axitinib plus pembrolizumab group and 11.1 months in the sunitinib group. The 12-month OS
rate was nearly 90% in the combination treatment arm versus 78.3% in the sunitinib arm. There was also a significant
improvement in ORR, 59.3% versus 35.7%, in the investigational and sunitinib arms, respectively. Treatment with axitinib



plus pembrolizumab was favored in patients across all International Metastatic Renal Cell Carcinoma Database
Consortium (IMDC) risk groups. Moreover, the combination regimen proved to be beneficial over sunitinib irrespective of
tumor PD-L1 expression 19,

CheckMate 9ER is a phase 3, randomized, open-label trial that evaluated the use of cabozantinib, an oral multi-kinase
inhibitor with multiple targets (VEGFR2, ¢c-MET, AXL, and RET), in combination with nivolumab in untreated advanced
ccRCC patients. Outcomes were compared to the control group who received standard-of-care sunitinib monotherapy,
and the findings from this trial were published in March 2021. At a median follow-up of 18.1 months, the median PFS was
16.6 months for the cabozantinib plus nivolumab treatment arm versus 8.3 months in the sunitinib arm. Combination
therapy with cabozantinib plus nivolumab appeared to result in a statistically significant improvement in PFS (hazard ratio
for disease progression or death, 0.51, with 95% confidence interval ranging from 0.41 to 0.64; p < 0.001), and the 12-
month OS probability was 85.7% in the combination treatment arm versus 75.6% in the sunitinib arm. ORR was
significantly improved with combination therapy, 55.7% versus 27.1% in those who were treated with sunitinib 1. Based
on these results, cabozantinib in combination with nivolumab was FDA-approved for use in the first-line setting for
advanced ccRCC patients in January 2021.

The use of immune checkpoint inhibitors in RCC is generally safe, and while autoimmune toxicities are common, they are
manageable when identified early. Milder grade 1 or 2 adverse reactions can be managed by supportive measures (i.e.,
topical steroid for skin toxicity, thyroid replacement therapy for hypothyroidism), temporary holding of ICI therapy, or low-
dose systemic corticosteroid administration. Grade 3 or 4 usually requires higher-dose systemic corticosteroids in addition
to holding or permanently discontinuing ICI. Often, toxicity profiles can overlap between ICI and TKI agents. For example,
both nivolumab and cabozantinib can cause diarrhea via different mechanisms, making this particular side effect
challenging to manage in a patient who is on this combination treatment regimen. Table 1 provides a summary of the
toxicity profiles for the first-line immunotherapy regimens that have been discussed.

Table 1. mRCC first-line immunotherapy trials: toxicity profiles.

Checkmate 214: Checkmate 9ER: CLEAR: Keynote 426: P+Axitinib Javelin Renal 101:

N+l N+C L+P Avelumab+Axitinib
All TRAES, All Grade All Grade All Grade All Grade
% grades 3-4 grades 3-4 grades 3-4 All grades Grade 3-4 grades 3-4
Fatigue 37.8% 4.4% 32.2% 3.4% 40.1% 4.3% 38.5% 2.8% 36% 3(0)
'"CLeIfTsed 6.0%  4.0%  28.1% 5.3% NR NR 26.8% 13.3% 13% 4.2
Hand-foot
<1% <1% 40.0% 7.5% 28.7% 4.0% 28.0% 5.1% 33% 6 (0)
syndrome
Nausea 20.1% 1.5% 26.6% 0.6% 25.8% 2.6% 27.7% 0.9% 25% 1(0)
Diarrhea 24.0% 4.0% 63.8% 6.9% 61.4% 9.7% 54.3% 9.1% 54% 5(0)
Decreased ;5000 1306  13.9% 13%  403%  4.0% 29.6% 2.8% 20% 2(0)
appetite
Dic of either drug =
TRAEs 19.7% dic: 6.6% N 37.2% (L: 25.6%; 30.5%; d/c both drugs =
leading to 22% only; 7.5% C only; P: 28.7%; 13.4%: 10.7%; dose reduction of 4.0%
dic of Rx 5.6% dic N+C both) axitinib in 20.3% 4.8%;
18.9%: both)
TRAEs
leading to 1% <1% n=15 2.6% 1.0%
death

MRCC = metastatic renal cell carcinoma, TRAE = treatment related adverse event, ALT = alanine transaminase, D/C =
discontinuation, N = nivolumab, C = cabozantinib, L = lenvatinib, P = pembrolizumab.

The real-world treatment of advanced RCC has become complicated given the compelling data reported across all of the
aforementioned first-line trials in the past three years. That said, it is a good problem to have several treatment regimens
to choose from. It is unlikely we will have data comparing these first-line regimens head-to-head in a single prospective
trial to determine which regimen is truly superior; therefore, it is reasonable to offer any of these regimens to an advanced
ccRCC patient in the clinical setting. In addition, these different trials set different primary endpoints. Some primarily
evaluated progression-free survival as the primary endpoint (for Checkmate 9ER and CLEAR) , others used dual primary



endpoints such as Keynote 426 or, specifically, the PD-L1 population of patients, in Javelin Renal 101. The choice of
therapy, in our opinion, is contingent upon a number of factors including the presence of comorbid conditions
(autoimmune disease, cardiovascular disease such as poorly controlled hypertension, pre-existing organ dysfunction) and
patient preference as it relates to the treatment schedule and potential toxicities. The management of toxicities can be
complicated as there is an overlap of the potential side effects that can occur in TKls and ICI, for example, diarrhea. When
a patient develops diarrhea while on a combination ICI+TKI regimen, it is often difficult to ascertain whether or not it is an
immune-mediated toxicity that requires systemic steroids versus simply holding or discontinuing either one or both drugs.
Therefore, one could justify a preference for offering nivolumab plus ipilimumab (dual ICI regimen) in the first-line setting
based on the CheckMate 214 trial in the appropriate patient as the management of immune-mediated side-effects is more
straightforward. On the other hand, adequate resources for education of patients and clinicians, who may not often see
such oncology patients who develop autoimmune side-effects but interact with them in various settings (for instance, in
the emergency room), is imperative since early recognition of autoimmune toxicity would lead to appropriate treatment
and, ultimately, better outcomes. Familiarity with management of autoimmune toxicity as well as drug availability are
important considerations as well, along with changes in quality of life parameters that are seen in each of these trials.

| 3. Second-Line Therapy

In spite of the advancements that have been made in the first-line treatment of advanced ccRCC, the majority of patients
inevitably require subsequent lines of therapy due to development of disease progression. Several studies have evaluated
various systemic single-agent and combination treatment regimens that have changed the landscape of ccRCC
management in the second-line setting and beyond. These studies are outlined in Table 2 .

Table 2. Landmark second-line mRCC trials.

Date MOA of Primar
Trial Name . Investigational Patient Population y Results to Date
Published Endpoint
Arms
. L E vs. Placebo
RECORD-1 August mTOR inhibitor Pretreated with sunitinib and/or PFS Median PFS: 4.9
2008 sorafenib
vs. 1.9 months
. L Axitinib vs.
December Pretreated with sunitinib, Sorafenib

AXIS TKI bevacizumab plus IFN-gamma, PFS

2011 s - Median PFS: 6.7
temsirolimus or cytokine

vs. 4.7 months

. . Nivo vs. E
Cheg:g"ate N°;gr1“5ber PD-1 inhibitor Pretf:‘ttiz: V\II(I)theln_ltz: :ﬁg:;“e"s of os Median OS: 25 vs.
glog Py 19.6 months
Cabo vs. E
Pretreated with at least one Median OS: 21.4
METEOR July 2016 K previous VEGFR-TKI PFS vs. 16.5 months
ORR: 17% vs. 3%
E+L vs.Lvs.E
November VEGFR-TKI + L Median PFS: 14.6
STUDY 205 2015 mTOR inhibitor One prior line of VEGFR-TKI PFS vs. 7.4 Vs. 5.5
months

MTOR = mammalian target of rapamycin, PFS = progression free survival, E = everolimus, TKI = tyrosine kinase inhibitor,
PD-1 = programmed cell death protein 1, OS = overall survival, Nivo = nivolumab, VEGFR = vascular endothelial growth
factor receptor, Cabo = cabozantinib, ORR = objective response rate, L = lenvatinib.

The RECORD-1 trial, the results of which were reported in 2008, was the first study that led to the FDA approval of an
MTOR inhibitor for second-line use in metastatic ccRCC. In this multi-centered, open-label, randomized controlled trial,
prolongation of PFS was observed with those who received everolimus compared to placebo (4.9 months vs. 1.9 months;
p < 0.0001) after progression during or within 9 months of treatment with a VEGF-targeted therapy (sunitinib, sorafenib, or
both). The ORR for everolimus, however, was only 1.8% 12 The RECORD-3 trial evaluated alternate sequencing of
everolimus and sunitinib. At final analysis, reported in 2017, the median combined PFS was 21.7 months with everolimus
followed by sunitinib and 22.2 months with sunitinib followed by everolimus. Median OS was 22.4 months for everolimus
followed by sunitinib and 29.5 months for sunitinib followed by everolimus 3. Results from this final analysis support the
use of everolimus in the second-line setting after disease progression on first-line sunitinib.



It became clear that mTOR inhibition alone is not highly effective in the treatment of metastatic ccRCC, based on the low
response rate reported in the RECORD-1 trial with everolimus monotherapy. mTOR inhibitors have subsequently been
studied both compared to and in combination with TKI agents as alternative second-line therapies in ccRCC. In 2015, a
significant PFS benefit was reported with the use of everolimus in combination with lenvatinib (a multi-kinase inhibitor) in
previously treated advanced ccRCC patients compared to those who received everolimus alone (14.6 vs. 5.5 months; p =
0.005) 24 Similarly, the METEOR trial demonstrated improvements in both PFS and OS with the of use of another multi-
kinase inhibitor, cabozantinib, compared to everolimus, which was reported in 2016 12, leading to the FDA approval of
both cabozantinib monotherapy and everolimus in combination with lenvatinib in the second-line setting for advanced
ccRCC in 2016. The reported ORR of cabozantinib in the METEOR study was relatively low at 17%. The combination of
everolimus and lenvatinib seemed to benefit a greater proportion of patients based on the reported ORR of 43% (22 of 51
patients), but the small sample size was a limitation of this study.

| 4. Immune Checkpoint Inhibitors as Second-Line Therapy

As a result of the positive first-line ccRCC ICI studies, including CheckMate 214, JAVELIN Renal 101, and Keynote 426,
there has been an increasing proportion of advanced ccRCC patients previously treated with an ICI by the time second- or
third-line therapy is being considered. Conversely, the use of TKI monotherapy is generally limited to those with favorable
risk disease or for patients with contraindications to ICI therapy. Given the paucity of data relating to the continuation of
immune checkpoint inhibition post-progression on an ICI, patients who have received and progressed on an ICl-based
regimen typically move on to receive TKI monotherapy in the second-line setting.

Although limited, there are studies currently re-exploring the use of single-agent ICI, or ICI in combination with other ICls
or TKils, in patients with ccRCC who have progressed on or after ICI monotherapy, or ICl combination therapy, in the first-
line setting. A multicentered, retrospective, cohort study of 69 metastatic RCC patients between 2012 and 2019 assessed
the outcomes of rechallenging with an ICI in patients who had previously received an ICI agent. Twenty-nine (42%)
patients received first-line ICI in combination with targeted therapy, and 27 (39%) received ICI monotherapy. This study
showed an ORR of 23% at ICI rechallenge, compared to an ORR of 37% with ICI exposure in the first-line setting. There
were patients who responded to ICI rechallenge regardless of their response to initial ICI therapy, but the likelihood of
response to rechallenge was higher among patients who had previously responded to ICI (ORR of 29%) I8l A similar
retrospective analysis published in 2020 looked at the role of salvage ipilimumab and nivolumab in patients with
metastatic RCC who had previous exposure to an anti-PD-1 or anti-PD-L1 agent. Ipilimumab and nivolumab combination
therapy led to objective responses in a subset of patients with metastatic RCC who had prior exposure to PD-1/PD-L1
inhibitors but were naive to anti-CTLA-4 antibody L7,

These retrospective data prompted further study of salvage ipilimumab and nivolumab therapy after single-agent
nivolumab in subsequent clinical trials. For example, HCRN GU16-260 (NCT03117309) and OMNIVORE (NCT03203473)
are evaluating the clinical outcomes of the addition of ipilimumab in patients with metastatic RCC who do not achieve an
objective response to nivolumab monotherapy. The phase 2 TITAN-RCC (Tailored immunotherapy approach with
nivolumab in advanced renal cell carcinoma) trial studied the use of nivolumab plus ipilimumab as an “immunotherapeutic
boost” in 86 intermediate-/poor-risk or metastatic ccRCC patients who experienced progressive disease or stable disease
after four doses of nivolumab monotherapy. This study included two independent patient cohorts: those who had no prior
therapy (receiving nivolumab first-line) and those previously treated with a TKI agent (receiving nivolumab second-line).
The primary endpoint of this study was ORR. Secondary outcomes included remission rate (RR), PFS, and OS.
Preliminary results of the study showed that in patients treated in the first-line setting, the ORR to nivolumab alone was
28.7% compared to 37.0% in patients receiving nivolumab followed by the nivolumab/ipilimumab boost. In the second-line
setting the ORR was 18.2% among patients receiving nivolumab alone and 28.3% in those receiving nivolumab followed
by the nivolumab/ipilimumab boost 18, The preliminary results of this study support the addition of ipilimumab to
nivolumab after initial treatment with nivolumab alone in advanced ccRCC.

PDIGREE (Alliance A031704) is an adaptive phase Il trial currently enrolling intermediate-/poor-risk advanced ccRCC
patients which will investigate the use of nivolumab and/or cabozantinib after first-line induction with nivolumab and
ipilimumab. Treatment of these patients beyond the initial induction phase consisting of four cycles of nivolumab and
ipilimumab, as per the CheckMate 214 protocol, will depend on their response to induction therapy. Those who experience
a CR with initial induction therapy will continue with nivolumab maintenance. Those patients who have non-CR or non-PD
(partial response or stable disease) will receive cabozantinib in addition to nivolumab. Patients who experience



progressive disease with induction nivolumab and ipilimumab will subsequently be treated with cabozantinib monotherapy.

The primary endpoint for this study will be 3-year OS, and this study will also investigate the use of IL-6 as a potential
biomarker (19,
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