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ABSTRACT

For years, prospective randomized clinical trials excluded patients with non-conventional histologies of
renal cell carcinoma (RCC). The paucity of data has led to adopting the same treatment strategies used for
clear-cell RCC (ccRCC). In the present narrative review, we explored state of the art about use of immune
checkpoint inhibitors (ICls) in variant histologies of RCC. According to the results collected, ICls as
monotherapy showed promising antitumor activity in advanced non-clear cell (ncc)RCC. The objective
response rate (ORR) was similar to that observed with single-agent anti-PD-1 in the ccRCC population,
either in the first-line or the second-line setting, and responder patients experienced an early and durable
benefit. Combined ICI-based strategies have shown increasing evidence in nccRCC and robust results in
the sarcomatoid variants of RCC. A definitive recommendation about treating non-conventional histol-
ogies, either in adjuvant or metastatic settings, should be supported by more extensive dedicated trials.

Introduction

The primary representative histology in adult kidney cancer
is clear-cell renal cell carcinoma (ccRCC), accounting for
about 80% of all renal cell carcinoma cases. Under the
name of non-clear cell renal cell carcinoma (nccRCC), the
current classification includes different entities, such as
papillary renal cell carcinoma (pRCC), chromophobe
renal cell carcinoma (chRCC), MiTF translocation-
associated renal cell carcinoma (tRCC), and collecting
duct carcinoma (CDC) among the classified subtypes.' In
addition, the sarcomatoid variant represents a feature
potentially characterizing all the other primary histologies.”

Many pivotal prospective randomized clinical trials
excluded patients with non-clear cell renal cell carcinoma
(nccRCC) from recruitment for years. In most recent cases,
non-clear cell histology is no longer considered an exclusion
criterion but a stratification factor. On the other hand, the low
incidence of nccRCC limits in the planning of dedicated large
randomized trials. Therefore, most available data are obtained
from subgroup analyses of phase III trials including mainly
clear-cell renal cell carcinoma (ccRCC), single-arm phase II
studies, nominal therapeutic use programs, and retrospective
analyses. The paucity of data has led to adopting, for patients
with nccRCC, the same treatment strategies used for ccRCC,
often without solid evidence. Instead, genome sequencing
studies have shown the importance of approaching the
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different subtypes of nccRCC as single entities with a specific
spectrum of altered molecular pathways and immune context,’
with distinct potential therapeutic targets (Figure 1).

In clinical guidelines, the preferred regimens for metastatic
nccRCC are still tyrosine kinase inhibitors (TKI) targeted on
vascular endothelial growth factor receptor (VEGEFR).
However, nccRCC subtypes are often resistant to VEGFR-
inhibition and characterized by heterogeneous clinical and
biological behaviors, so new and different therapeutic strate-
gies, especially with immune checkpoint inhibitors (ICIs), are
under investigation.*

Two randomized phase II trials (the ESPN and ASPEN
trials) and a subsequent meta-analysis highlighted that patients
with nccRCC, compared to those with ccRCC, benefit less
from systemic therapy with mTORi and VEGFRI in terms of
both radiological responses and PFS and OS.”””

Papillary Renal Cell Carcinoma (pRCC) is the most fre-
quent subtype of non-clear cell Renal Cell Carcinomas
(nccRCCs), accounting for 10-15% of all Renal Cell
Carcinomas (RCCs). The fifth edition of the WHO classifica-
tion of cancers of the male urinary and genital tract abolished
the subcategorization of pRCC into types 1 and 2, considering
that mixed phenotypes are increasingly common and differ-
entiation has no therapeutic implications.'

pPRCC is heterogeneous in clinical manifestations, including
indolent multifocal and aggressive solitary tumors. Prognosis
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Figure 1. Variant histologies and their characteristics in renal cell carcinoma.

is strongly related to histopathological features, including
grade and the presence of sarcomatoid dedifferentiation.
Recent studies confirm that sarcomatoid and/or rhabdoid
dedifferentiation leads to a poor prognosis and poor response
to targeted therapies. First-generation targeted therapy
approved for ccRCC has shown limited efficacy in pRCC
(ORR <15%).* More convincing data emerged from dedicated
trials in this specific histology, especially with TKIs targeting
MET.**

pRCCs are characterized by a lower immune infiltrate than
ccRCCs, and only 10% of pRCCs express PD-L1 on tumor
cells."® Therefore, immunotherapy strategies could increase
the number of activated antitumor immune cells, such as
cytotoxic T lymphocytes (CTL).

Chromophobe RCC (chRCC) is the second most com-
mon subtype of nccRCC, after papillary RCC, accounting
for about 5% of nccRCC."" chRCC generally has an indo-
lent behavior and are considered immunologically cold,
with a highly suppressive immune microenvironment, low
tumor mutational burden, lower expression of immune
signatures, and PD-L1."

MIiTF translocation-associated RCC (tRCC) is a rare
nccRCC subtype accounting for about 1-4% of adult RCCs
(15% when considering young adults, <45 years) and 20-
40% of pediatric RCCs."? Tt represents a distinct genetic
entity, namely molecularly defined RCC, introduced in the
2004 WHO classification of renal tumors. It is more fre-
quent in females (2:1), and its incidence is likely under-
estimated due to the frequent morphological overlap with
other histologies and the lack of standard techniques for
molecular testing. The translocations (or alterations, such
as amplifications) include transcription factors from the
MiT family, such as TFE3 (Xp.11.2), TFEB (6p21.1), and
MITF (3p13)."* This subgroup of RCC has significantly
poor outcomes compared to other RCC subtypes, both in
the localized and metastatic setting. Its resistance to VEGFR-

and cytotoxic T-cell
immune infiltration

~5% ~25%

TKI is well known despite the lack of dedicated trials. On
the other hand, it emerged that these tumors are infiltrated
with CD8+ T cells, though the T cells harbor an exhaustion
immunophenotype distinct from that of clear cell RCC.
Together with the evidence of a heightened NRF2-driven
antioxidant response that is associated with resistance to
targeted therapies, these findings may inspire tailored ther-
apeutic proposals for tRCC." Interestingly, tRCC belongs to
the proliferative cluster according to the IMmotion 151
classification, showing low angiogenesis and low PD-L1
expression in most cases.” Moreover, higher CD8+ T cells
were reported in MEDI15-TFE3 fusions, and increased
expression of PD-L1 was reported in TFEB amplified RCC,
suggesting that some tRCC subtypes may be more immune-
cold.'®

Collecting duct carcinoma (CDC) represents less than 1%
of all renal tumors. CDCs are aggressive tumors, 70% of cases
are metastatic at diagnosis, and the median OS does not exceed
13 months."”

Sarcomatoid RCC mainly represents a variant of clear-
cell renal carcinoma. Sarcomatoid features are found in 5%
—-15% of all RCCs and can be associated with any histology
(5-13% ccRCC, 2-7% in pRCC, 29% in collecting duct
RCC). They are more common in metastatic (15-20%)
than the localized disease (5-6%). RCC with sarcomatoid
teatures (sRCC) is characterized by mesenchymal dediffer-
entiation, high biological aggressiveness, and poor prog-
nosis, especially when the disease is metastatic.” Distinctive
molecular characteristics were reported for sSRCC, which is
less linked to the VEGF pathway when compared to con-
ventional RCC and often harbors BAP1 mutations and
CDKN2A deletions. Genes involved in the immune
response are also more frequently altered in this RCC
subtype.'® Notably, sSRCC is characterized by an immune-
inflamed phenotype, with increased PD-L1 expression and
cytotoxic T-cell immune infiltration.” These molecular



characteristics could favor the sensitivity of these tumors to
immune checkpoint blockade.'® On the other hand, it is
known that patients with this histology are less likely to
benefit from treatment with TKIs.*"

In the present narrative review, we explored state of the art
about the use of ICIs in these non-conventional histologies of
RCC, both from clinical trials and real-life reports.

Methods

We searched PubMed for studies published in the English
language from the inception of the database to
31 August 2022. NCCN guidelines (Version 2.2022),
AIOM guidelines (Version 2021), and meeting libraries
from the American Society of Clinical Oncology (ASCO)
and European Society for Medical Oncology (ESMO) web-
sites were also screened for further relevant publications.

Three investigators (MeB, SER, and MR) independently
performed the research, then shared the entire pool of
potentially relevant publications about the treatment of
nccRCC with ICIs. All the references of the included arti-
cles were then screened for the recovery of any further
eligible publications.

The search was focused on papillary RCC, chromophobe
RCC, collecting duct RCC, translocated RCC, and sarco-
matoid RCC (intended as a variant of any histology). We
included prospective trials designed explicitly for nccRCC
and the more relevant retrospective studies or case series
reporting patients with nccRCC treated with ICI-based
schedules. MeB extracted data for sSRCC, MR for papillary
and CDC, and SER for ChRCC and tRCC. In addition,
MeB screened all the publications about recent pivotal
trials of ICI-based therapeutic schedules in mRCC patients,
analyzing the availability of data about subgroups with
sRCC from the overall population included in each study.

As a separate explorative search, clinicaltrials.gov was
checked for any trial ongoing with ICIs specifically
designed for nccRCC patient populations.

Results

The evidence available about published studies with ICI-
based treatments conducted explicitly in patients with
nccRCC is summarized in Table 1 for prospective trials
and Table 2 for the most representative retrospective stu-
dies (see Supplementary file 1 for the references).

Phase III randomized trials of ICI-based combinations
reporting data for the subgroup of patients with sRCC are
included in Table 3, describing the outcomes of patients
treated in the ICI-based (experimental) arm vs. the TKI
monotherapy (control) arm.

Data from single studies are discussed in separate para-
graphs according to histology.

Table 4 reports ongoing clinical trials with ICIs specifically
designed for patients with nccRCC.
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Discussion

According to the results, ICIs as monotherapy showed promis-
ing antitumor activity in nccRCC (see Table 1). The objective
response rate (ORR) was similar to that observed with single-
agent checkpoint inhibitors in the ccRCC population, either in
the first-line (36.5% with pembrolizumab) or the second-line
setting (23% with nivolumab). Objective response rates were
lower in pre-treated nccRCC patients; nevertheless, responder
patients experience an early and durable benefit.

Compared with first-generation TKI data, these results are
outstanding, considering the ORR obtained with sunitinib in
the ASPEN and ESPN phase II trials, respectively, of 18% and
9%. Also, with the meaningful limitation of a likely very
different patient population, mPFS reached with ICIs seems
better than that obtained with such TKIs.>® On the other hand,
more recent data with new-generation TKI, such as cabozan-
tinib and savolitinib (used in the PAPMET and SAVOIR
trials), together with ICI-monotherapy data, led to the update
of the first-line treatment recommendations at least for papil-
lary RCC.*!

Papillary renal cell carcinoma

The population of patients with pRCC, likely due to their
epidemiology, is often the principal representative in nccRCC
clinical trials.

The single-arm phase II study Keynote-427 was the first
clinical trial that evaluated a first-line single-agent checkpoint
inhibitor in naive patients with advanced nccRCC (Cohort B):
165 nccRCC, including 118 pRCC (71.5%), received open-label
pembrolizumab (200 mg every three weeks) for <24 months.
At a median follow-up of 34 months, in the total population,
ORR was 26.7% (95% CI, 20.1 to 34.1), DCR 43.0%, median
PFS 4.2 months (95% CI, 2.9 to 5.6), median OS was 28.9
months (95% CI, 24.3 months to not reached). For patients
with papillary histology, ORR was 28.8% (95% CI, 20.8% to
37.9%), disease control rate (DCR) was 47.5% (95% CI, 38.2%
to 56.9%), median PFS 5.5 months (95% CI, 3.9 to 6.9), and
median OS was 31.5 (95% CI, 25.5 to not reached).

In the CheckMate 374 trial, an open-label phase IIIb/IV
study, the safety and efficacy of nivolumab were verified in
previously treated advanced/metastatic nccRCC. An analysis
of 44 patients, including 24 pRCC, who received nivolumab up
to the third line of treatment showed an ORR of 13.6% and
a median OS of 16.3 months. No complete responses were
observed in pRCC patients, nine patients had stable disease,
and two patients had a partial response for an ORR of 8.3%,
a DCR of 45%, and a DOR of 10 months.

The potential and durable efficacy of single-agent ICI in
pRCC, although in a limited percentage of patients, has stimu-
lated studies testing combination therapies (ICI plus ICI and
ICI plus VEGFR-TKi).

The multicohort phase IIIb/IV CheckMate-920 study tested
the combination of nivolumab and ipilimumab in nccRCC
patients (52 patients), showing an ORR of 27% in the 18
enrolled pRCCs and 36% in the presence of sarcomatoid
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Table 1. Prospective trials with immunotherapy-based treatments specifically conducted in patient populations with non-clear cell renal cell carcinoma.

Name of the study, Histologies Survival outcomes
First author, Year Type of the study N Treatment Setting N (%) Response outcomes months (95% Cl)
Vogelzang, 2020' CheckMate-374 44 Nivolumab >| line chRCC: Overall population: Overall population:
Single-arm 7 (16) ORR: 13.6% mPFS: 2.2 (1.8-5.4)
Phase llIb/IV mOS: 16.3 (9.2-NR)
pRCC: chRCC:
24 (56) ORR: 28.5%
DCR: 85.7%
tRCC: pRCC:
2 (5%) ORR: 8.3%
DCR: 45.8%
tRCC:
ORR: 0%
DCR: 0%
Albiges, 2020° AcSé 50  Nivolumab Il line chRCC: Overall population: -
Non-randomized 9(18) ORR: 10%
Single-arm
chRCC:
ORR: 0%
McDermott, 20213 KEYNOTE-427 165  Pembrolizumab | line chRCC: Overall population: Overall population:
cohort B 21 (13) ORR: 26.7% mPFS: 4.2 (2.9-5.6)
Single-arm DCR: 43.0% mOS: 28.9 (24.3 - NR)
Phase Il pRCC:
118 (72) chRCC: chRCC:
ORR: 9.5% mPFS: 3.9 (2.6-6.9)
DCR: 33.3% mO0S: 23.5 (9.3 - NR)
pRCC: pRCC:
ORR: 28.8% mPFS: 5.5
DCR: 47.5% moOS: 31.5
McGregor, 2020* NCT02724878 42 Atezolizumab >| line chRCC: Overall population: -
Single-arm + Bevacizumab 10 (24) ORR: 26%
Phase Il pRCC: chRCC:
12 (29) ORR: 10%
tRCC: pRCC:
5(12) ORR: 25%
tRCC:
ORR: 20%
Pal, 2021° COSMIC-021 32 Atezolizumab >| line chRCC: Overall population: mPFS: 9.5
Single-arm + Cabozantinib 9 (28) ORR: 31%
Phase Ib/Il DCR: 94%
pRCC:
15 (47) chRCC:
ORR: 1%
tRCC:
103) pRCC:
ORR: 47%
Atkins, 2022° HCRN GU16-260 35  Nivolumab — I line chRCC: Overall population: Overall population:
Cohort B Nivolumab + 6 (17) ORR: 14.3% mPFS: 4.0 (2.7, 4.3)
Single-arm Ipilimumab
Phase Il pRCC: chRCC:
19 (54) ORR: 17%
pRCC:
ORR: 5%
Tykodi, 20227 CheckMate 920 52 Nivolumab I line chRCC: Overall population: Overall population:
Single-arm + Ipilimumab 7 (14) ORR: 19.6% mPFS: 3.7 (2.7-4.6)
Phase llIb/IV mOS: 21.2 (16.6 - NR)
pRCC: chRCC:
18 (35) ORR: 0%
tRCC: pRCC:
2(4) ORR: 27.7%
tRCC:
ORR: 0%

(Continued)
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HUMAN VACCINES & IMMUNOTHERAPEUTICS e 5

Name of the study, Histologies Survival outcomes
First author, Year Type of the study N Treatment Setting N (%) Response outcomes months (95% Cl)
Lee, 20228 CA209-9KU 40  Nivolumab I-Il line pRCC: Overall population: Overall population:
Single-arm + Cabozantinib 32 (80) ORR: 48% mPFS: 12.5 (6.3-15.9)
Phase Il DCR: 98% mOS: 28.0 (16.3 - NR)
tRCC:
2(5) pRCC:
ORR: 47%
DCR: 97%
tRCC:
ORR: 50%
DCR: 100%
7 chRCC: chRCC:
7 (100) ORR: 0%
SD: 100%
Rodriguez, 2021° CALYPSO 42 Savolitinib 2| line pRCC ORR: 29% mPFS: 4.9 (2.5-10.0)
Single-arm + Durvalumab mOS: 12.3 (5.8-21.3)
Phase Il
Albiges, 2022'° KEYNOTE-B61 147  Pembrolizumab | line chRCC: Overall population: Overall population:
Single-arm + Lenvatinib 26 (18) ORR: 47.6% 6mo-PFS: 72.3% (60.7-81.0)
Phase Il DCR: 79.3% 6mo-0S: 87.8% (78.5-93.2)
pRCC:
87 (59) chRCC:
ORR: 13.3%
tRCC: DCR: 73.3%
15 (4)
pRCC:
ORR: 52.9%
DCR: 78.4%
tRCC:
ORR: 60%
DCR: 80%

N = number of patients, RCC = renal cell carcinoma, pRCC = papillary renal cell carcinoma, chRCC = chromophobe renal cell carcinoma, tRCC = translocation-associated
RCC, ORR = objective response rate, DCR = disease control rate, mPFS = median progression-free survival, mOS = median overall survival, 6mo-PFS = progression-free

survival at 6 months; 6mo-0S = overall survival at 6 months, NR = not reached.

features. 90% of patients with pRCC who achieved
a radiological response remained progression-free at a follow-
up of 24 months. Median PFS was 3.7 (95% CI 2.7 to 4.6)
months, and median OS was 21.2 (95% CI 16.6 to not estim-
able) months.

The cohort B of the HCRN GU16-260 trial, a phase II study
of nivolumab and salvage nivolumab plus ipilimumab in treat-
ment-naive patients with advanced nccRCC, included 18
patients with pRCC, reporting an ORR of 5.3% in this sub-
group, with no complete responses. In this study, neither
nivolumab monotherapy, nor salvage strategy with ipilimu-
mab combinations, obtained meaningful results in nccRCC.

The results of several single-arm studies with the combina-
tion of ICIs and TKI-VEGFR/MET-inhibitors were recently
presented.

The phase I/II CALYPSO study tested the combination of
a MET inhibitor, savolitinib, plus an ICI, durvalumab, in 41
patients with treatment-naive (n = 28) or previously treated (n
= 13) metastatic pPRCC. The ORR was 27%, with a median PFS
of 5.3 months and no correlation between tumor response and
PD-L1 status and MET biomarker analysis.

A phase II study evaluated atezolizumab plus bevacizumab
in patients with advanced renal cell carcinoma (RCC) with
variant histology (42 patients, including 12 pRCC) or any RCC
histology with 220% sarcomatoid differentiation (18 patients).
In this trial, ORR was 33% for the overall population, 50% for
ccRCC with sarcomatoid differentiation, and 26% for patients
with variant histology RCC, with a median PFS of 8.3 months.

The phase 1b study COSMIC 021 evaluated cabozantinib plus
atezolizumab in patients with solid tumors, including ccRCC (70
patients) and nccRCC (32 patients). In nccRCC (n = 32), ORR
was 31% (80% CI, 20 to 44), all partial responses, and median
PFS was 9.5 months. Responses were observed across subtypes of
nccRCC and irrespective of PD-L1 status. The median time to
response was 2.7 months, DCR was 94%, and median DOR was
8.3 months (95% CI, 2.4 to NE). The highest ORR was among
patients with papillary RCC at 47% (7 of 15).

The results of a phase II study evaluating nivolumab plus
cabozantinib in metastatic pRCC (cohort 1) have recently been
published (NCT03635892). Twenty-six (65%) were previously
untreated, and 14 (35%) had one last line. At a median follow-
up of 13.1 months, ORR was 48%, DCR 98%, PFS 12.5 months
(95% CI 6.3-16.4), and OS 28 months (95% CI 16.3-NR).

Preliminary results of the Keynote-B61 study, a single-arm
phase 2 study (NCT04704219) evaluating the combination of
pembrolizumab plus lenvatinib as first-line treatment for
nccRCC, were presented at the ESMO Congress 2022. Of 82
patients with a follow-up >24 weeks, 51 were papillary renal
carcinomas. Confirmed ORR was 47.6% (95% CI, 36.4-58.9; 3
CRs [3.7%]; 36 PRs [43.9%]), DCR was 79.3% (95% CI, 68.9-
87.4) a median DOR was not reached (range, 1.4+ to 7.2+ mo).
The 6-month PES rate was 72.3% (95% CI, 60.7-81.0), and the
6-month OS rate was 87.8% (95% CI, 78.5-93.2).

All the studies described in this section (see Table 1)
showed no new signs of toxicity compared to those conducted
in ccRCCs.
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Table 2. Representative retrospective studies with immunotherapy-based treatments in patient populations with non-clear cell renal cell carcinoma.

Histologies Survival outcomes

First author, Year N Treatment Setting N (%) Response outcomes months (95% Cl)

Koshkin, 2018’ 41 Nivolumab >| line chRCC: Overall population: -

5(12) ORR: 20%
DCR: 49%
tRCC:
1(2) chRCC:
ORR: 0%
SD: 75%
tRCC:
ORR: 0%
DCR: 0%
Chahoud 2020° Nivolumab >| line chRCC: Overall population: Overall population:
5(13) ORR: 21% mPFS: 4.9 (3.5-10.3)
DCR: 71% mOS: 21.7 (7.8 - NR)
tRCC:
3(8) chRCC: chRCC:
ORR: 0% mPFS: 4.3 (3.2 - NR)
SD: 40% mOS: 6.9 (4.3 - NR)
tRCC: tRCC:
ORR: 0% mPFS: NR (3.5 - NR)
SD: 100% mOS: NR (NR - NR)
Gupta, 2020° 18 Nivolumab | line chRCC: chRCC: -
+ Ipilimumab 5 (28) ORR: 20%
DCR: 40%
tRCC:
1(5) tRCC:
SD: 100%
Bando, 2022* 10 Nivolumab I line chRCC: Overall population: -
+ Ipilimumab 1(10) ORR: 30%
DCR: 60%
tRCC:
2 (20) chRCC:
SD: 100%
tRCC:
SD: 50%

McKay, 2018° 43 Anti-PD-1- or PD-L1 >| line chRCC: Overall population: Overall population:
monotherapies or 10 (23) ORR: 19% TTF: 10.4 (range: 2.8-21)
combinations TTF monotherapy: 4.6 (2.8-6.0)

tRCC: chRCC:
3(7) ORR: 0% chRCC:
TTF: 4.3 (0.7-6.7)
tRCC: TTF monotherapy: 6.0 (2.1-8.1)
ORR: 33%

Nemoto, 2022° 17 ICl-based combination I line chRCC: - -
therapy 2(12)

tRCC:
1(6)

Boileve, 20187 24 ICI monotherapies or >l line tRCC: ORR: 16.7% mPFS: 2.5 (1-40)
combinations 24 (100) DCR: 29.2%

Thouvenin, 20228 18 ICl-based combination | line tRCC: - mOS: 13.5 (3.9-NR)
therapy 56 (100)

N = number of patients, RCC = renal cell carcinoma, chRCC = chromophobe renal cell carcinoma, tRCC = translocation-associated RCC, ORR = objective response rate,
DCR = disease control rate, mPFS = median progression-free survival, mOS = median overall survival, NR = not reached, SD = stable disease, TTF = time to treatment
failure, ICl = immune checkpoint inhibitor, PD-1 = programmed cell death-1, PD-L1 = programmed cell death ligand 1.

Although these results are based on phase II trials with
a limited number of enrolled patients and often immature
data for PFS and OS, as also happened for VEGFR-TKIs, the
physician is supported in using ICI combinations as the first-
choice therapy for patients with pRCC.

The ongoing phase 1II trial will provide additional data in
this histologic subtype (Table 4).

Regarding the adjuvant setting, a single study with ICI
(IMmotion010) included patients with nccRCC, in particular
18 pRCC, of which only 6 were treated in the experimental arm
with atezolizumab (2% of the overall population receiving
ICI).>* The trial was negative, and the paucity of data about

non-clear subgroups represents an unmet medical need to be
taken into account for future adjuvant trials.

Chromophobe renal cell carcinoma

In the literature, no retrospective or prospective studies are
available specifically on chRCC patients treated with ICls,
and only a few case reports have been published.”> > The
main data available are extrapolated from nccRCC studies,
including different histology subtypes (see Tables 1 and 2).

The chRCC populations enrolled in the Keynote-427 trial with
pembrolizumab, the COSMIC-021 trial with atezolizumab plus
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Table 4. Trials ongoing specifically investigating immune-checkpoint inhibitors in patient populations with non-clear cell renal cell carcinoma (nccRCC).

Clinical Trial
(Name, NCT number, Patients’ characteristics Primary Estimated Study
Type and Phase of study) Planned number of patients Setting Study drug endpoint Completion Date
NCT03866382 Rare Genitourinary Tumors I-ll line Cabozantinib + ORR February 2023
Single-arm, Phase Il (Sarcomatoid RCC, Papillary RCC, Nivolumab + Ipilimumab

Chromophobe RCC, Collecting Duct

Carcinoma, Kidney Medullary Carcinoma)

N =224

NCT04413123' nccRCC >| line Cabozantinib + ORR December 2025
Single-arm, Phase Il N=60 Nivolumab + Ipilimumab
ANZUP1602/UNISoN? nccRCC >| line Nivolumab — ORR December 2022
NCT03177239 N=285 Nivolumab + Ipilimumab
Single-arm, Phase Il
NCT05220267 nccRCC I line Anlotinib + Sintilimab PFS December 2024
Single-arm, Phase Il N=143 (anti-PD-1)
SUNNIFORECAST® nccRCC I'line Nivolumab + Ipilimumab 12y-0S June 2025
NCT03075423 N =306 vs Standard Therapy
Randomized Phase-lI
KEYNOTE-B61* nccRCC | line Pembrolizumab + Lenvatinib ORR October 2025
NCT04704219 N=152
Single-arm, Phase Il
LENKYN Trial nccRCC I line Pembrolizumab + Lenvatinib ~ ORR July 2027
NCT04267120 N=34
Single-arm, Phase Il
AREN1721 tRCC >| line Nivolumab + Axitinib PFS June 2031
NCT03595124 N=40 vs Nivolumab
Randomized, Phase Il
SAMETA® pRCC, MET-driven | line Savolitinib + Durvalumab PFS June 2025
NCT05043090 N=220 vs Sunitinib

Randomized, Phase Ill

vs Durvalumab

NCT = National Clinical Trial, RCC = renal cell carcinoma, nccRCC = non clear cell renal cell carcinoma, ORR = objective response rate, PFS = progression-free survival,
12y-0S = overall survival rate at 12 months, tRCC = TFE/Translocation Renal Cell Carcinoma.

cabozantinib, and the phase II trial with nivolumab plus cabo-
zantinib, achieved ORR of 9.5%, 11%, and 0% respectively
(Table 1).

In the recently reported Keynote-B61 study (Table 1),
patients with chRCC (18.3% of the overall study popula-
tion) had poor outcomes, with the lowest ORR among the
included histologies (13.3%). Nevertheless, 80% of patients
evaluable for response (15 chRCC cases) obtained
a reduction in tumor burden, reaching a pretty good dis-
ease control rate.

Three case reports are available on chRCC patients
treated with ICIs, two with nivolumab with disease
response, and one patient resistant to nivolumab plus ipi-
limumab. The two patients treated with nivolumab had
sarcomatoid differentiation, while the other had a PD-L1
expression of 80%.>> >

In a prospective and retrospective analysis of nccRCC
patients treated with ICIs, chRCC accounted for about 16%
(range 10%-28%) of the whole nccRCC population (N range:
19-165) and was generally associated with poor response and
survival outcomes compared with the other nccRCC patients,
especially papillary and sarcomatoid nccRCC."!

For chRCC, future research should focus on identifying
biomarkers for patient selection or combining therapy strate-
gies to improve the ICI antitumor effect.

MITF translocation-associated renal cell carcinoma

According to tRCC rarity, only a few data are available on the
efficacy of ICI in this RCC histology. The retrospective analysis
conducted by Boileve et al. (Table 2) was the first case series

analysis in tRCC patients treated with ICIs, showing relatively
poor response (ORR 16.7%) and survival outcomes (mPFS 2.5
months, range 1-40 months).

A subsequent report by the MSKCC cohort reported exten-
sive molecular data of tRCC patients receiving multiple lines of
therapy, including ICI in eight cases. In the intra-patient
clinical timeline, the most prolonged duration of responses
was reported for ICI treatment.*®

More recently, Thouvenin et al. (Table 2) reported data
from a retrospective, multicenter study on tRCC, in which
18 patients treated with I-line ICI-based therapy did not
achieve benefit when compared to 38 patients receiving
TKIs or other treatments: mOS was 13.5 months (95% CI:
3.9-NA) for pts treated with ICI combinations in versus
36.2 months (95% CI: 27.7-NA) for others (p =.001). These
data suggest that some tRCC patients might not benefit
from a first-line ICI-based strategy.

On the contrary, with the combination of lenvatinib and
pembrolizumab, the five patients with tRCC evaluable for
response (of 15 tRCC included) in the Keynote-B61 trial
(Table 1) showed meaningful results, with ORR 60% and
DCR 80%.

In addition, only some case reports were published, with
contrasting results. Zhao et al. reported good disease-free
survival in stage III tRCC patients who underwent surgery
and then received one year of ICI (camrelizumab) in com-
bination with tyrosine kinase inhibitor (axitinib), with no
sign of recurrence after 18 months of follow-up.”’

Yan et al. recently reported two patients with metastatic
tRCC treated with VEGFR-TKI plus ICI as first-line therapy,
reaching a PFS of 16.6 and 25.6 months, respectively.*®



On the other hand, Masago et al. showed that the
immune combination of nivolumab plus ipilimumab was
ineffective for a single patient with metastatic tRCC.*”

tRCC tumors have a highly variable clinical behavior with
distinct gene mutations and are characterized by a permissive
immune microenvironment, high mutational heterogeneity,
and PD-L1 expression.'"'> Given their rarity, there is no con-
sensus on the optimal therapy, especially on the role of immu-
notherapy, for these nccRCC histologies. However, according
to the abovementioned characteristics, tRCC tumors seem
more potentially sensible to ICIs, even if more extensive stu-
dies are needed to see relevant results.

Collecting duct carcinoma

Given the histopathological similarities with urothelial car-
cinoma, platinum-based cytotoxic chemotherapy has tradi-
tionally been considered the first-choice treatment option
for metastatic CDC. However, with the combination of
gemcitabine plus cisplatin or gemcitabine plus carboplatin,
ORR was 26%, median PFS 7.1 months, and median OS
10.5 months.’® The results of the phase II BONSAI study
evaluating the activity of cabozantinib in first-line in 23
CDCs were recently published and showed encouraging
results with an ORR of 35% (1 CR andPR) and median
PES of 6 months.”!

Currently, no prospective studies evaluate the efficacy of ICI in
first- or subsequent lines of therapy specifically for CDCs.

A retrospective study evaluated the effectiveness of treat-
ments after first-line chemotherapy in 57 patients, of which 35
had metastatic CDC (and the other 22 had metastatic renal
medullary carcinoma) treated between 2010 and 2019 in 11
French centers. All patients received first-line chemotherapy
with platinum + bevacizumab, with a median time to progres-
sion of 7.27 (95% CI, 7-100 months) and an objective response
rate (ORR) of 39% (95% CI, 26-52%). Subsequent treatments
included tyrosine kinase inhibitors, chemotherapy, and check-
point inhibitors, with ORRs ranging from 10 to 15% and
disease control rates from 24 to 50%. The median duration of
response for all treatments was two months. After a median
follow-up of 13 months, the median overall survival was 12
(95% CI, 11-16) months. In total, 20 patients received ICI,
including anti-PD-1)/PD-L1) monotherapy for all patients,
except for two who received an anti-PD-1 plus an anti-
CTLA4. The ICI-associated ORR and DCR values were 10%
(n=2/20) and 30% (n = 6/20), mspectively.32

Single case reports have described the activity of ICI in
previously treated mCDC patients.”” >

Given the poor results obtained with chemotherapy and
target therapies for patients with this rare variant, we look
forward to furthering data supporting dual ICI or ICI/TKI
combination in CDC cases from ongoing phase II clinical trials
(Table 4).

Clear-cell renal carcinoma with sarcomatoid features

Therapeutic combinations based on immune checkpoint inhi-
bitors (ICI) are the new standard of care as the first-line
treatment of patients with metastatic renal cell carcinoma

HUMAN VACCINES & IMMUNOTHERAPEUTICS e 9

(mRCC). In the pivotal trials of ICI-based combinations,
patients with clear-cell histology RCC with sarcomatoid fea-
tures were usually included. The results for these subgroups
were separately reported in dedicated publications or congress
presentations. Table 3 reports the outcomes of 569 patients
with sSRCC, representing 12.9% of the population enrolled in 5
trials, treated in the first-line setting with an ICI-based combi-
nation. The amplitude of benefit obtained in terms of objective
response rate (ORR), progression-free survival (PFES), and
overall survival (OS) in patients with SRCC was likely due to
the poor efficacy of the anti-VEGFR monotherapy used in the
control arm. Indeed, it is well known that sRCC is resistant to
conventional antiangiogenic treatment.”'®

In the randomized phase III CheckMate-214 trial (Table 3),
investigating the only ICI-ICI combination available in this
setting, namely nivolumab plus ipilimumab, the sRCC sub-
group obtained outstanding outcomes, despite considering
intermediate and poor-risk patients only according to the
IMDC model. ORR was 61%, complete responses 23%, median
PFS 26.5 months, and median OS 48.6 months at the last
update. At the indirect comparison, these results are the best
obtained in sRCC, suggesting that an antiangiogenic drug may
not be necessary to reach efficacy in this population. This trial
was also the only one providing an independent central review
of the histologic specimens for the histology definition.

On the other hand, recent meta-analyses offered either
overall outcome and network comparisons of the different ICI-
based combinations, strongly supporting the efficacy of ICI-
based combinations for sSRCC therapy and suggesting the ICI-
TKI combination nivolumab plus cabozantinib as the pre-
ferred first-line combination for the treatment of patients
with sRCC, at least in terms of efficacy, despite without an
overwhelming superiority above the others.*®

In all cases, as reported in Table 3, the benefit of the ICI-
based combination strategy above the TKI monotherapy
emerged irrespectively of the specific associated drug, reinfor-
cing the need for immunotherapy in the systemic approach to
sRCC and suggesting its investigations in other settings for this
particular population. Moreover, the efficacy seems unrelated
to the IMDC stratification, reinforcing the concept that the
IMDC score is prognostic more than predictive, and it should
not be used as a relevant parameter for the clinical choice in
this patient subgroup.

Looking at the adjuvant setting, data reported for the sar-
comatoid subgroup treated with pembrolizumab in the
Keynote-564 trial (11% of the overall population) showed
a meaningful amplitude of benefit in this population, with an
HR of 0.54 (95%CI 0.29-1.00) in the case of sarcomatoid
features presence vs. HR of 0.63 (95%CI 0.48-0.83) in the non-
sarcomatoid population. In sRCC population enrolled, 71.8%
of patients were disease-free at 24 months with pembrolizu-
mab vs. 52% in the control arm (mDFS not reached vs. 40.5
months).>’

Ongoing trials

Several clinical trials are still ongoing on the role of ICIs in
patients with advanced or metastatic nccRCC (Table 4).
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Some of these are finally focused on specific populations
and molecular-driven, as the phase III SAMETA trial, based on
prior phase II results with savolitinib and durvalumab, which
is explicitly enrolling patients with MET-selected pRCC and
comparing three arms: the combination (100 patients), durva-
lumab alone (50 patients), and sunitinib as the control arm (50
patients).

Other phase III studies are still enrolling heterogeneous
populations, allowing the accrual of patients with both
ccRCC or nccRCC: for example, the Contact-03 study,
which recruitment has been recently concluded, will provide
information on the efficacy of cabozantinib + atezolizumab
compared to cabozantinib as second/third-line after pre-
vious ICI therapy also for papillary or unclassified mRCC
[NCT04338269].

Two randomized phase II trials (SUNNIFORECAST -
NCT03075423 and AREN1721 - NCT03595124, see Table 4)
are explicitly planned in the nccRCC population with a survival
outcome as the primary endpoint (12y-OS and PFS, respec-
tively). The SUNNIFORECAST trial compares nivolumab plus
ipilimumab with the standard therapy according to the physi-
cian’s decision in 306 nccRCC patients in the first-line setting.
In contrast, the AREN1721 trial assesses the efficacy of the
nivolumab plus axitinib combination compared with nivolumab
alone in both untreated and pretreated tRCC patients.

The remaining ongoing studies in the field are mainly
single-arm phase II trials on combining an ICI and a TKI,
with ORR as the primary endpoint (see Table 4).

Conclusion

The current data for nccRCC suggests that ICI-based thera-
peutic strategies could also represent the new cornerstone of
systemic treatment in these subgroups of mRCC patients,
especially in the case of pRCC. A definitive recommendation
should be supported by the eagerly awaited results of dedi-
cated trials, still currently ongoing. In light of the sometimes
dramatically different outcomes of every drug based on the
histologic subtype, the efforts for future trials would be
directed to planning multicenter studies tailored to single
histology.

The adjuvant setting is a highly unmet clinical need for
non-conventional histologies of RCC.

On the other hand, the sarcomatoid variant is a niche with
a firmly established new therapeutic standard (at least in the
metastatic setting) based on ICI, irrespective of the IMDC risk
group or other clinical variables.
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