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Abstract.
BACKGROUND: Immune checkpoint inhibitors (ICI) have emerged as active therapies in the management of advanced
RCC. While multiple studies have shown clinical activity of ICIs in clear cell histologies, the evidence to support their use
in non-clear cell (ncc) subtypes is based on smaller prospective trials and retrospective analyses.
OBJECTIVE: The objective of this review is to summarize the clinical outcomes of ICI-based therapies in ncc-subtypes
and in tumors with sarcomatoid/rhabdoid features.
METHODS: We performed a systematic literature search using PubMed, Google Scholar and ASCO databases. The keywords
“renal cell cancer” and “immune checkpoint inhibitors” and equivalents were used and all original publications between July
2016 and July 2021 were included.
RESULTS: We included a total of 14 publications, including two clinical trials and 12 case series. The most frequent
histologies were papillary (up to 75-100%), unclassified (up to 34%) and chromophobe (up to 28%). ICI monotherapy
showed some activity in both 1st and 2nd line with response rates up to 27%. ICI combination regimens yielded better
activity than ICI monotherapy but, overall, a heterogeneous efficacy was noted across histologies. Overall, outcomes of ICIs
were superior in tumors with sarcomatoid/rhabdoid features.
CONCLUSION: The observed activity of ICI-based therapies was heterogeneous. Combination regimens, papillary subtype
and sarcomatoid/rhabdoid features were associated with higher responses. These findings might help treatment decisions and
require further validation.
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INTRODUCTION

Renal cell cancer (RCC) is among the top-10 most
frequent cancers in the United States in 2021. It is
the sixth most frequent cancer among men, repre-
senting 5% of new cancers and 46,780 cases, and the
ninth most frequent among women, representing 3%
of new cancers and 27,300 cases [1].

According to WHO (2016) [2], RCC pathology
reveals a clear cell (cc) tumor in 80% of cases. A
different histology, referred to as non-clear-cell (ncc)
RCC, occurs in the remaining 20% of cases. Among
nccRCC patients, papillary and chromophobe tumors
account for most cases (∼80%) [3]. nccRCC includes
rare histologies such as medullary, acquired cystic
disease-associated RCC, collecting ducts carcinoma,
and translocation RCC. Sarcomatoid and rhabdoid
dedifferentiation is associated with a more aggres-
sive course of disease [4] and can occur in a varying
percentage of both ccRCC or nccRCC.

The standard of care for the treatment of advanced
RCC has been changing rapidly. In the last few
years, immune checkpoint inhibitors (ICIs) have
revolutionized the treatment of advanced RCC. By
blocking interactions between surface proteins on
cancer cells (programmed death-ligand 1 - PD-L1)
or antigen-presenting cells (B7-1, B7-2) and recep-
tors on T cells (programmed cell death 1 protein -
PD-1, cytotoxic T-lymphocyte-associated protein 4 -
CTLA-4), ICIs help T cells recognize and kill cancer
cells [4]. Nivolumab (an anti-PD1 ICI) was initially
approved in monotherapy in second or further lines of
treatment [5]. More recently, combination therapies
including ICIs have demonstrated superior results as
first-line therapy, either using an antiPD1/PDL-1 ICI
plus an antiCTLA4 ICI (nivolumab plus ipilimumab
[6]) or using an antiPD1/PDL1 ICI plus a thyro-
sine kinase inhibitor (TKI) (avelumab plus axitinib
[7], pembrolizumab plus axitinib [8], nivolumab plus
cabozantinib [9] and pembrolizumab plus lenvatinib
[10]).

Most data supporting the use of ICIs for the
treatment of advanced RCC has resulted from tri-
als including only ccRCC. Some therapeutic options
are currently recommended for nccRCC, such as
sunitinib [11–13], platinum-based chemotherapy for
medullary cancer [4], or cabozantinib for papillary
RCC [14]. However, the real efficacy of ICIs in
nccRCC remains unknown. The objective of this
review is to summarize the reported activity of ICIs
as monotherapy or combined with other therapeutic
agents in nccRCC histologic subtypes.

METHODS

Search strategy

We conducted a systematic literature search
according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [15] to identify studies reporting out-
comes of ICIs in advanced nccRCC in PubMed,
Google Scholar, and the American Society of Clin-
ical Oncology (ASCO) database between 2016 and
2021. The search strategy used the following key-
words: “non-clear cell renal cell cancer”, “nccRCC”,
“papillary renal cell cancer”, “translocation renal
cell cancer”, “sarcomatoid renal cell cancer”,
“unclassified renal cell cancer”, “immunother-
apy”, “Immune checkpoint inhibitor”, “ICI”, “IO”,
and “ICP.”

The first and second authors independently con-
ducted the selection process in three stages. The
initial inclusion of articles in the first stage was
performed by screening the content of the title and
abstract. The second stage included full-text reading
of the remaining articles. For all articles identified in
the second stage, we manually searched their bibli-
ographies for potentially relevant articles. In this third
stage, we also searched the chains of references using
a “snowball” type approach by searching their bibli-
ographies until no new references could be found.
The first and second authors individually performed
all stages of the selection process. Any discrepancies
or omissions were resolved by discussion and con-
sensus. Where consensus was not achieved, the last
author made the final decision.

Eligibility criteria

All original articles with full text available report-
ing results of the treatment of nccRCC or sarcomatoid
dedifferentiated advanced RCC with an ICI were
included, independent of the line of therapy. Non-
English articles, non-original articles (i.e. review
articles with or without systematic review or meta-
analysis, editorials, opinions, commentaries, case
reports, etc.), abstracts, and repeated publications on
the same cohort were excluded. Whenever the full text
was not available or the absolute number of nccRCC
was <5 patients, the publication was excluded. Pub-
lications that did not report the outcomes of the
subset of nccRCC or sarcomatoid patients apart from
the intention-to-treat (ITT) population were excluded
(Fig. 1).
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Fig. 1. PRISMA flow chart.

Data extraction

The following variables were extracted: type of
study; number of patients; type of nccRCC included;
use of ICIs either as monotherapy or combination
therapy (either with an ICI-ICI or with an ICI-
TKI); proportion of use of ICIs as a first-line or
second/third-line treatment; objective response rate
(ORR) to ICI; progression-free survival (PFS); over-
all survival; duration of response (DOR) to ICI; and
differences in ICI outcomes between different subsets
of tumors (e.g. nccRCC versus ccRCC or between
subtypes of nccRCC).

Data synthesis

The outcome measures were not combined because
of the heterogeneity of the studies in terms of inclu-
sion of different histologies, different contexts of

treatment such as first-line versus second/third-line,
and different types of studies, such as retro-
spective versus prospective and single-arm versus
case-control. Data were summarized and main
findings organized in five different contexts: ICI-
TKI (immunotherapy agent with a tyrosine kinase
inhibitor) in nccRCC, ICI-ICI (two immunotherapy
agents) in nccRCC, ICI monotherapy in nccRCC,
efficacy of ICI in special histologies, and ICI in sar-
comatoid or rhabdoid dedifferentiated RCC.

RESULTS

The initial search yielded 1,239 articles. Of these
1,185 were excluded in the first screening stage and
40 were excluded in the second screening stage, leav-
ing 14 full text articles that were included in this
analysis (Fig. 1).
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Immune checkpoint inhibitors in nccRCC

• ICI-TKI combination
The only study with full-text availability at the time

of this systematic review on the use of the ICI-TKI
combination in nccRCC was by McGregor et al. [16].
The study used atezolizumab plus bevacizumab with
acceptable efficacy and tolerable toxicity. It included
a total of 60 patients with either nccRCC or any histol-
ogy with > 20% sarcomatoid dedifferentiation. The
study included a total of 42 patients (70%) with vari-
ant histology RCC. The majority (65%) of patients
were treatment-naı̈ve. Results were convincing, with
an intention to treat (ITT) population ORR of 33%,
median PFS (mPFS) of 8.3 months, and median over-
all survival (mOS) that was not reached. Importantly,
there was no statistically significant difference in the
ORR associated with histology, although the ORR for
nccRCC was 26% and for ccRCC with sarcomatoid
features it was 50%. Toxicity was as expected, with
no new adverse events comparable to what is reported
with the same combination in ccRCC [17].

• ICI-ICI combination
The only study with full-text availability at the

time of this systematic review that reported outcomes
of an ICI-ICI combination in a population exclu-
sively of nccRCC patients was by Gupta et al. [18].
This retrospective study showed promising results of
nivolumab plus ipilimumab, with acceptable toxicity.
However, it was a small sized population from two
institutions (total n = 18). The included histologies
were various (papillary, chromophobe, unclassified,
renal adenocarcinoma, translocation and medullary).
Of the 18 patients, 72% were therapy-naı̈ve. The
reported ORR was 33.3%, mPFS was 7.1 months,
and 12-months OS was 64.2%. Although the num-
ber of patients receiving all four doses of ipilimumab
was less than 50% and lower than in CheckMate 214
trial of nivolumab plus ipilimumab in advanced RCC
[6], all grade (G) and G3/4 adverse events were as
expected for this combination.

In contrast, Tachibana et al. [19], also a retrospec-
tive study, showed lower outcomes with nivolumab
plus ipilimumab combination as first-line therapy
for a nccRCC subset constituted of only a total of
seven papillary tumors compared to ccRCC patients.
The population was small, with 30 patients: 23 with
ccRCC and seven with papillary RCC. The ORR
for papillary RCC was significantly lower compared
with ccRCC (14.2% versus 52.1%, respectively), and
mPFS was significantly lower as well (2.4 months

versus 28.1 months, respectively). However, mOS
was not significantly different between the two sub-
sets.

• ICI monotherapy
The outcomes of studies in which ICI monotherapy

was used to treat advanced nccRCC are summarized
in this section and presented in Table 1. However,
some of these studies included a minor subset of
patients on combination therapy and this will be high-
lighted when relevant.

Seven studies were included in this pre-defined
context, five of which were retrospective. Two other
studies were, to our knowledge, the only prospective
trials that reported the outcomes of ICIs in nccRCC
to date: the phase II KEYNOTE-427 Study (Cohort
B) [20] and the phase IIIb/IV CheckMate 374 Study
[21].

Overall, the use of ICI monotherapy has a vari-
able degree of efficacy in nccRCC across the included
series. Some studies report outcomes in the range of
what has been reported for the use of ICI monother-
apy in the treatment of ccRCC [20, 22, 23] while
others have poorer results [21, 24–26]. The expected
efficacy of ICI monotherapy among ccRCC was con-
sidered to be near the one reported in CheckMate-025
(ORR 25%, mPFS 4.6 months; mOS 25 months) [5].

To date, KEYNOTE-427 was the largest prospec-
tive study in this context, including a total of 165
patients. Strict criteria selected a naı̈ve advanced RCC
population, with the majority of patients (75.2%)
scoring 90–100% on the Karnofsky Performance
Scale (KPS) and all of the patients scoring > 70%
on the KPS. Moreover, although chromophobe and
unclassified RCC were included, the majority (72%)
of the population had papillary RCC. The out-
comes were promising for pembrolizumab first line
monotherapy, with an ORR of 26.7%, median dura-
tion of response (mDOR) of 29 months (with more
than half of responses lasting longer than a year),
mPFS of 4.2 months, and mOS of 28.9 months.

CheckMate 374 was the remaining trial that was
included but it reported a range of outcomes that
were poorer than what would be expected with
ICI monotherapy in ccRCC. Although cross-trial
comparison is not possible, outcomes of efficacy
of nivolumab monotherapy (ORR of 13.6%, DOR
of 10.2 months, mPFS of 2.2 months, and mOS
of 16.3 months) were numerically lower than out-
comes obtained for pembrolizumab monotherapy in
KEYNOTE-427. However, some aspects of Check-
Mate 374 differed from KEYNOTE-427. It was a
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Table 1
Outcomes of ICI monotherapy in nccRCC

Design Histology Line (%) Combination Outcomes*

Koshkin
et al.
(2018)

Retrospective
multicentric, nivolumab
in nccRCC (n = 41)

Papillary (39%),
Unclassified (34%),
Chromophobe (12%).
Others: collecting duct,
translocation, MTSCC.

1st (8%)≥2nd (92%) 0% (20/3.5/NR) †

McKay
et al.
(2018)

Retrospective
multicentric, nivolumab
in nccRCC (n = 43)

Papillary (33%),
Chromophobe (23%),
Unclassified (21%).
Others: translocation.

≥2nd (100%) 30.3% (13/4.6/12.9) ‡

Chahoud
et al.
(2019)

Retrospective unicentric,
nivolumab in nccRCC
and ccRCC with > 20%
rhabdoid
dedifferentiation
(n = 40)

Papillary (30%),
Unclassified (27.5%),
Chromophobe (12.5%).
Others: translocation,
MTSCC.

1st (15%)≥2nd (85%) 22.5% (13/4.3/11.6) ‡

Vogelzang
et al.
(2020)

Prospective, nivolumab in
nccRCC (n = 44)

Papillary (54.5%),
Unclassified (18.2%),
Chromophobe (15.9%),
Others: collecting duct,
translocation,
medullary

1st (65.9%)≥2nd
(34.1%)

0% (13.6/2.2/16.3) ‡

Hinata
et al.
(2020)

Retrospective
multicentric analysis of
nivolumab in Japanese
patients with nccRCC
or ccRCC (n = 208)

Clear (76.9%), Papillary
(20.8%), MTSCC
(10.4%), Others:
chromophobe, other.

1st (1%)≥2nd (99%) 0% 22.6/7.1/NR†

Barata
et al.
(2020)

Retrospective
multicentric,
antiPD1/PDL1 in
nccRCC and ccRCC
(n = 27)

Clear cell (56%),
Papillary (26%),
Unclassified (11%).
Others: chromophobe,
translocation.

1st (100%) 0% (5/NS/NS) ‡

McDermott
et al.
(2021)

Prospective,
pembrolizumab in
nccRCC (n = 165)

Papillary (71.5%),
Unclassified (15.8%),
Chromophobe (12.7%).

1st (100%) 0% (26.7/4.2/28.9) †

Overall
Range

ORR 5–26.7%/mPFS
2.2-7.1 months / mOS
12.9-NR

NR: not reached; NS: not specified. *Outcomes for nccRCC treated with ICI monotherapy and organized as ORR (%)/mPFS in months
(m)/mOS (m). ‡ICI monotherapy treatment in nccRCC with outcomes overall considered as numerically inferior to what is reported in the
literature for ccRCC (Checkmate-025). †ICI monotherapy treatment in nccRCC considered overall in the same range of what is reported in
the literature in ccRCC (Checkmate-025).

smaller prospective study with 44 patients. Although
all patients also scored > 70% on the KPS, only
around half of the patients scored 90–100% on the
KPS. This study included approximately a third of
patients in later lines (27.3% in the second line and
6.8% in the third line). Only 54.5% of the popu-
lation had papillary RCC, with the inclusion of a
variety of other nccRCC subtypes, namely chromo-
phobe, unclassified, translocation, collecting duct,
and medullary.

In Koshkin et al. [22], the outcomes were con-
sidered positive and to be in the range of values
expected for ccRCC in this same context, with an
ORR of 20%, mPFS of 3.5 months, and mOS that was
not reached). These results are noteworthy because

nivolumab monotherapy was administered in the sec-
ond (62%) or third line of therapy (20%) to most of the
population. Moreover, variable subtypes of nccRCC
were included, with only 39% of papillary and 34% of
unclassified nccRCC. Chromophobe, collecting duct,
translocation, and mucinous tubular and spindle cell
carcinoma (MTSCC) subtypes were also included.

Hinata et al. [23] was a Japanese real-world
data analysis using nivolumab in previously treated
advanced RCC. The study design was similar to
CheckMate-025 but the eligibility criteria were
broader with inclusion of a large population (208
evaluable patients) and nccRCC patients were also
included. Since there was a ccRCC comparator-arm,
a subset direct comparison was possible. Out-
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comes were not statistically different in nccRCC (48
patients) versus ccRCC (160 patients) and the ITT
population results were globally positive, with an
ORR of 22.6%, mPFS of 7.1 months, a 12-month sur-
vival rate of 75.6% and a mOS that was not reached.

Two other studies, McKay et al. [24] and Chahoud
et al. [25], had a subset of patients under combination
therapy (30.3% and 22.5% of the population, respec-
tively). In both studies, the outcomes of ICI for the
ITT population were not obviously lower than what
would be expected in the ccRCC context. However,
outcomes were numerically lower for the subset of
patients treated with ICI monotherapy. McKay et al.
reported an ORR of 13% and a time to treatment fail-
ure of 4.6 months for patients on ICI monotherapy and
an overall mOS of 12.9 m. Chahoud et al. reported
very similar results for patients on ICI monother-
apy, with an ORR of 13%, mPFS of 4.3 months,
and mOS of 11.6 months. In these two studies the
apparent benefit of ICIs in nccRCC may be driven
by a smaller subset of patients that is on combination
therapy rather than by the majority of patients on ICI
monotherapy.

Finally, Barata et al. [26] conducted a study that
also showed only modest efficacy of ICI monother-
apy in nccRCC, poorer than what would be expected
among ccRCC. It included a real-life frail metastatic
population of 27 patients with 33% of patients with
Performance Status (PS) 2-3. Treatment was first-line
PD1/PDL1 monotherapy. The ITT population con-
sisted of both ccRCC (n = 15) and nccRCC (n = 12).
Therefore, a direct subset comparison was possible
and, although the ITT population ORR was 33%,
there was a significant difference between ccRCC
and nccRCC, with ORRs of 29% and 5%, respec-
tively; mPFS in the ITT was 6.3 months but was also
significantly longer in ccRCC; mOS was 31 months.
The inferiority of ORR and mPFS in nccRCC may
not be completely explained by the worse baseline
PS among the ITT population, since that was similar
for both the ccRCC and nccRCC subsets of patients.

Immune checkpoint inhibitors in special
histologies

The range of the main outcomes (ORR, mPFS,
and mOS) per each specific histology is presented
in Table 2. The general tendencies across trials will
be summarized in this section.

By far, a higher number of patients had the most
frequent nccRCC histologies: papillary, unclassified,
and chromophobe.

Overall, the higher ORR percentages were
obtained in patients with an unclassified histology,
with values as high as 44.4–66.7% [18, 25]. Unclas-
sified RCC includes different types of tumors with
different behaviors, which can possibly explain the
variability of outcomes between studies, with a lack
of response and an ORR of 0% obtained in some
series with a low number of these tumors [24, 26].

Papillary tumors were consistently more respon-
sive to ICIs across different series of nccRCC,
although when a subset analysis of type 1 and type
2 papillary RCC was performed some differences
were encountered. Type 1 papillary RCC had an ORR
range between 14% [27] and 25% [25] and type 2 pap-
illary had a lower ORR with some series reporting
outcomes as low as 0% [25] or 9% [27]. Despite the
tendency for lower ORR in papillary type 2 tumors, a
higher ORR (of up to 50%) was reported with the use
of ICI-ICI combination therapy [18]. Moreover, in
one study, complete responses were reported among
the papillary type 2 patients that did respond [27].

Nevertheless, chromophobe patients had poorer
results, with no documented responses to ICI
monotherapy and an ORR of 0% across most stud-
ies [22–26] and with an ORR of 9.5% in one of the
included studies using ICI monotherapy [20]. How-
ever, the ORR obtained among chromophobe patients
improved with the use of combination regimens, with
a value of 10% obtained with ICI-TKI [16] and a value
of 20% obtained with an ICI-ICI scheme [18].

As for rarer tumors, their inclusion was only
occasional and in very low numbers, which limits
interpretation of any specific tendency.

Namely, translocation RCC tumors included
across studies were 16 with the highest number per
study being 5, collecting duct RCC tumors included
across studies were 10 with the highest number per
study being 5, the mucinous tubular and spindle cell
carcinoma (MTSCC) RCC tumors included across
studies were 7 with the highest number per study
being 5, the medullary RCC tumors included across
studies were 3 with the highest number per study
being 1 and the adenocarcinoma (AC) tumors were
only included in one study and in a total number of 2.
Moreover, a single multicentric analysis was able to
gather 24 microphthalmia transcription factor family
translocation (MITF) RCC tumors.

The ORR in these histologies has been very vari-
able. Translocation RCC ORR varied between 0%
[18, 22, 25, 26] and 33% [24]. The ORR for collect-
ing duct carcinoma was 25–40% [16, 22]. Similarly,
MTSCC RCC has varied considerably, from 0%
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Table 2
Outcomes∗ of ICI on special histologies

Study/Histology Design Papillary Chromophobe Unclassified Translocation Collecting duct Medullary MTSCC AC MITF Sarcomatoid/ ITT

Rhabdoid

Koshkin

et al. (2018)

Retrospective n = 16 14/NS/NS n = 5 0/NS/NS n = 14 36/NS/NS n = 1 0/NS/NS n = 4 25/NS/NS — n = 1 0/NS/NS — — — n = 41

20/3.5/NR

McKay

et al. (2018)

Retrospective n = 14 28/4.8/NS n = 10 0/4.3/NS n = 9 0/2.8/NS n = 3 33/NS/NS — — — — — n = 7cc/n = 4
ncccc43/4/NS
ncc0/4/NS

n = 43 19/4/12.9

Boliève

et al. (2018)

Retrospective — — — — — — — — n = 24

16.7/2.5/24

— n = 24

16.7/2.5/24

Chahoud

et al. (2019)

Retrospective n = 12 Type

1:25/3.1/3.6

Type 2:0/9.7/NR

n = 5 0/4.3/6.9 n = 11

44.4/5.5/17.3

n = 3 0/NS/NS — — n = 1 0/7.4/7.8 — — n = 8 cc

28.6/4.8/14.9

n = 40

21.6/4.9/21.7

McGregor

et al. (2019)

Prospective n = 12 25/NS/NS n = 10 10/NS/NS n = 9 33/NS/NS n = 5 20/NS/NS n = 5 40/NS/NS n = 1 100/NS/NS — — — n = 18cc/n = 8
ncccc50/4/NS
ncc38/4/NS

n = 60

33/8.3/NR

Brilland

et al. (2020)

Retrospective n = 57 Type

1:14/5/11.4

Type2:9/2.9/

14.6

Unclassified:

14/4.1/17.6

— — — — — — — — — n = 57

11/3.1/14.6

Vogelzang

et al. (2020)

Prospective n = 24 NS n = 7 NS n = 8 NS n = 2 NS n = 1 NS n = 1 NS — — — n = 4 ncc n = 44

13.6/2.2/16.3

Hinata

et al. (2020)

Retrospective n = 10

12.5/NS/NS

n = 2 0/NS/NS — — — — n = 5 40/NS/NS — — — n = 208

(ccn = 160/ncc

n = 48)

22.6/7.1/NR

Barata

et al. (2020)

Retrospective n = 7 5/NS/NS n = 1 NS/NS/NS n = 3 0/NS/NS n = 1 0/NS/NS — — — — — — n = 27 33/6.3/31

Tachibana

et al. (2020)

Retrospective n = 7

14.2/2.4/NS

— — — — — — — — — n = 30

(ccn = 23/ncc

n = 7)
cc52.1/28.1/NR
ncc14.2/2.4/NR

Gupta

et al. (2020)

Retrospective n = 6 Type

2:50/NS/NS

n = 5 20/NS/NS n = 3

66.7/NS/NS

n = 1 0/NS/NS — n = 1 0/NS/NS — n = 2 50/NS/NS — — n = 18

33.3/7.1/NR

McDermott

et al. (2021)

Prospective n = 118 28.8/5.5/

31.5

n = 21

9.5/3.9/23.5

n = 26

30.8/2.8/17.6

— — — — — — n = 38 ncc

42.1/6.9/25.5

n = 165

26.7/4.2/28.9

Main Outcomes

(Range)

— ORR 5–50% ORR 0–20% ORR 0–66.7% ORR 0–33% ORR 25–40% ORR 0–100% ORR 0–40% ORR 50% ORR 16.7% nccORR

0–42.1%

—

mPFS 2.4–9.7m mPFS 3.0–4.3m mPFS 2.8–5.5m mPFS NS mPFS NS mPFS NS mPFS NS mPFS NS mPFS 2.5m nccmPFS

2.3–6.9m

mOS 3.6–17.6m mOS 6.9–23.5m mOS

17.3–17.6m

mOS NS mOS NS mOS NS mOS NS mOS NS mOS 24m nccmOS

25.5–NRm

cc = clear cell RCC; MITF = microphthalmia transcription factor family translocation renal cell carcinoma; MTSCC = mucinous tubular and spindle cell carcinoma; n = number of pts included in
that specific context; NR = not reached; NS = non-specified; ITT = Intention to Treat Population; — = not included. ∗Outcomes are organized as ORR (%)/mPFS in months (m)/mOS (m).
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[22, 25] to 40% [23]. Outcomes of ICIs in medullary
tumors were only reported for two patients in two
different studies: one responded [16] and the other
did not [18]. Similarly, of the two cases of AC RCC
included in a case series [18], one responded and the
other did not.

Boliève et al. [28] conducted a retrospective mul-
ticentric analysis of antiPD1/PDL1 in previously
treated patients with MITF RCC and results were
compatible with the efficacy of these drugs in this
subset of tumors, with an ORR of 16.7%, mPFS of
3 m, and mOS of 24 m. Although these outcomes are
compatible with clinical benefit they are inferior to
the efficacy that would be expected among ccRCC
tumors.

Immune checkpoint inhibitors in tumors with
sarcomatoid and rhabdoid dedifferentiation

Sarcomatoid dedifferentiation is found in 5–8% of
RCC, both in nccRCC or ccRCC [29]. It associates
with a worse prognosis and more aggressive disease
and is present in a higher percentage in the metastatic
setting (up to 20%) [29]. Rhabdoid features are the
second most common form of dedifferentiation and
were reported to happen in 4.7% of tumors, with asso-
ciated metastatic disease in percentages as high as
51% [30].

Moreover, an inferior survival has been reported
among tumors with sarcomatoid features that were
treated with a TKI. A study including different anti
vascular endothelial growth factor receptor (VEGF)

TKIs also reported that sarcomatoid dedifferentiated
tumors had worse results (with reported responses
only in ccRCC with <20% sarcomatoid component
and ORR of 19%, mPFS 5.3 m and mOS 11.8 m)
[31]. Although results for rhabdoid tumors aren’t
separately reported, a similar behaviour could be
expected, since the molecular features of sarco-
matoid, rhabdoid and mixed sarcomatoid/rhabdoid
tumors was not found to be significantly different in
a multi-trial analysis of Ziad Bakouny et al. [32].

Recent post-hoc analysis of six phase III trials
of combination therapy with ICI-ICI [6] or ICI-TKI
[7–10, 17] have highlighted a tendency for higher effi-
cacy of ICIs in this group of tumors comparing with
standard sunitinib. The range of reported outcomes is
an ORR of 46.8–60.8%, mPFS of 7–26.5 m, and mOS
of 21.3m-NR (See Table 3). Three meta-analyses
have confirmed this tendency [33–35]. These find-
ings support the preference of an ICI-based therapy
in sarcomatoid dedifferentiated tumors. When series
also include tumors with rhabdoid or mixed sarco-
matoid/rhabdoid features a similar superiority of ICI
based therapies was encountered [36].

There are few studies that reported the outcomes
of the use of ICI based therapies in nccRCC patients
with sarcomatoid dedifferentiated histology, there-
fore it remains unclear whether the benefit of ICIs
among sarcomatoid and rhabdoid tumors is veri-
fied equally in ccRCC and nccRCC histology. Main
results of ICI in nccRCC patients will be presented
in this section.

Table 3
Outcomes of combination ICI-ICI or ICI-TKI Phase III front-line advanced ccRCC with sarcomatoid features

Trial Investigational ITT (n) Sarcomatoid (%) Outcomes NCT
drug tumors (n) sarcomatoid

CheckMate-214 Nivolumab + 1096 139* 12,68% ORR 60.8% NCT02231749
Ipilimumab mPFS 26.5m

mOS NR (52% alive at 42 m)
Keynote-426 Pembrolizumab + 578 105* 18,17% ORR 58.8% NCT02853331

Axitinib mPFS NR
mOS NR (83.4% alive at 12 m)

IMmotion-151 Atezolizumab + 915 142 15,52% ORR 49% NCT02420821
Bevacizumab mPFS 8.3m

mOS 21.7m
CheckMate-9ER Nivolumab + 651 75 11,52% ORR 55.9% NCT03141177

Cabozantinib mPFS 10.9m
mOS NR

JAVELIN Renal- 101 Avelumab + 886 108 12,19% ORR 46.8% NCT02684006
Axitinib mPFS 7m

mOS NR (83% alive at 12 m)
CLEAR trial Pembrolizumab + 1069 73 6,82% ORR 60.7% NCT02811861

Lenvatinib mPFS 11,1m
mOS NR

*Only intermediate and poor risk patients; NR: not Reached.
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Park et al. [37] verified that the choice of an
ICI-based therapy for the treatment of sarcomatoid
dedifferentiated RCC was associated with better out-
comes and a statistically significant better survival,
even in mixed populations, including ncc and cc
tumors. Results were of an ORR of 35.3% and mOS
of 57.6 m with ICI therapy comparing with an ORR of
0% and an mOS of 6.6 m with non-ICI therapy. Nev-
ertheless, in that study, the proportion of included
nccRCC patients was low (5.9% of patients in the
ICI arm and 30% of patients in the non-ICI arm).
The benefit in the sarcomatoid nccRCC subset was
not separately reported.

Accordingly, across most of the included studies,
nccRCC with sarcomatoid features was responsive
to ICI-based therapies, with an ORR as high as 38%
[16] or 42.1% [20]. However, this aspect was variable,
with one of study reporting an ORR of 0% among
the four included patients with nccRCC tumors and
sarcomatoid features [24].

Furthermore, a tendency for lower results of ICI-
based therapy in nccRCC compared to ccRCC has
been suggested in one study. Chahoud et al. [38]
reported a statistically significant superiority of ICI
based therapies in sarcomatoid tumors of cc versus
ncc histology, respectively with an ORR of 39% ver-
sus 14.3%, an mPFS of 8.9 m versus 2.9 m, and an
mOS of 30.1 m versus 6.7 m. However, the number
of nccRCC patients was low in this study, with only
seven patients with nccRCC and 41 with ccRCC.

Moreover, in two of the included studies using ICI
based therapies and including a subset of RCC tumors
with sarcomatoid features, a tendency for a superior
ORR among cc versus ncc tumors was also noticed,
respectively with an ORR of 50% versus 38% in one
study [16] and an ORR of 43% versus 0% in the other
[24].

DISCUSSION

This review mainly included retrospective analy-
sis, with only two prospective studies, which reflects
the less than desirable level of evidence and the unmet
need in nccRCC. The pool of patients from these stud-
ies was heterogeneous, so the conclusions for specific
histologies are limited.

Overall, ICI-based therapy in nccRCC was
reported to elicit a variable degree of response
and disease control across all the included studies
(Table 2).

The available data is consistent with the concept
that ICI monotherapy is a valid option for the treat-
ment of advanced nccRCC. In fact, the reported
outcomes of the recommended therapy with suni-
tinib [4] for nccRCC in trials such as ASPEN [11]
and ESPN [12] are in the same numeric range of the
outcomes obtained with ICI monotherapy.

Importantly, ICI monotherapy use in nccRCC
yielded results in the same range as for ccRCC in
some studies [20, 22, 23], considering CheckMate-
025 [5] as the benchmark of benefit in the ccRCC
context. However, other studies [21, 24–26] had
poorer results with ICI monotherapy in nccRCC
tumors than what was reported for ccRCC tumors.
Therefore, it remains unclear if the efficacy of
ICI monotherapy is equivalent among nccRCC and
ccRCC.

One of the main factors influencing the outcomes
of ICI among nccRCC was the histology. ICI-based
therapy elicited higher responses in papillary and
sarcomatoid dedifferentiated tumors, with an ORR
as high as 50% [18] and 42.1% [20], respectively.
Potentially, the lower proportion of papillary tumors
in CheckMate 374 in comparison with KEYNOTE-
427 could have contributed to the worse results in
that trial. However, papillary histology does not have
a homogeneous response to ICI based therapies and a
noticeable tendency for lower response rates for pap-
illary type 2 tumors has been highlighted [25, 27].
Unclassified tumors are a broad group and as such
they seem to have highly variable rates of response,
from 0% [24, 26] to 44.4–66.7% [18, 25]. Chromo-
phobe tumors have poor responses to ICIs [22–26].
Other nccRCC subtypes were too scarce to proceed
to considerations about their ORR to ICI-based ther-
apy. However, it is important to acknowledge that
responses to ICIs were documented in rarer nccRCC
subtypes, such as MITF [28], as well as in aggressive
subtypes, such as collecting duct tumors [16, 22].

Other factors appeared to influence outcomes of
ICI monotherapy treatment among nccRCC. As in
other contexts, worse PS/ KPS score was associated
with worse outcomes, not only in nccRCC patients
but also in ccRCC patients, when included [26].
Moreover, the worse PS of the included population in
one study [26] was correlated with a higher toxicity
to ICI monotherapy. Correspondingly, in a Japanese
nivolumab real-life data study, the ICI benefit had a
positive association with a better PS [23]. Also, the
line of therapy was associated with outcomes. ICIs
administered as a 1st line therapy were associated
with a higher rate of response among nccRCC [24,
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Table 4
Ongoing nccRCC trials including ICIs registered in Clinical Trials.gov

ClinicalTrials.gov Phase Estimated Intervention arm Primary endpoint Estimated
identifier enrollment completion date

TKI-ICI

NCT04958473 Phase 2 40 Sintilimab plus axitinib ORR 1/8/2025
NCT04385654 Phase 2 40 Toripalimab plus axitinib as neoadjuvant

therapy
MPR, pCR, pNR 06/2022

NCT04704219 Phase 2 152 First-line pembrolizumab plus lenvatinib in
participants

ORR 22/10/2025

NCT04267120 Phase 2 34 Lenvatinib plus pembrolizumab ORR, CR, PR 31/7/2025
NCT03635892 Phase 2 97 Nivolumab plus cabozaninib ORR 8/2022
NCT02724878 Phase 2 65 Atezolizumab plus bevacizumab ORR, CR, PR 10/2023

ICI-ICI

NCT03177239 Phase 2 85 Single-agent nivolumab, then ipilimumab
plus nivolumab

ORR 12/2022

NCT03075423 Phase 2 306 Nivolumab plus ipilimumab versus standard
of care (SUNIFORECAST)

OS (at 12 months) 31/12/2023

OTHER TRIALS

NCT04644432 Phase 2 30 Individualized treatment strategy for patients
with metastatic non-clear cell renal cell
carcinoma

ORR TTF 6/9/2022

NCT04413123 Phase 2 40 Cabozantinib plus nivolumab and
Ipilimumab

ORR 20/12/2022

NCT04338269 Phase 3 500 Atezolizumab plus cabozantinib versus
cabozantinib alone

PFS; OS 11/12/2024

25]. Worse results in CheckMate 374 comparing with
KEYNOTE-427 might have been partially influenced
by a lower number of treatment-naı̈ve patients. More-
over, in some of the included studies, a higher rate
of complete and partial responses in the first evalua-
tions of response, was associated with a longer lasting
response and disease control [20, 22, 26].

In general, more prospective trials are needed
to further clarify ICI monotherapy’s real level of
efficacy in the nccRCC population. Until then, thera-
peutic choices should take into account factors such
as the tumor histologic subtype and the patient’s PS,
co-morbidities, and cancer symptoms.

For ICI combination therapy, outcomes were
only reported for a separate population of nccRCC
in two of all the included studies. The combina-
tion regimens used were either ICI-ICI (ipilimumab
and nivolumab) [18] or ICI-TKI combinations
(atezolizumab and bevacizumab) [16]. Numeric out-
comes pointed towards a higher efficacy than with ICI
monotherapy, but there was no comparison group.
However, when a direct comparison between the
treatment of nccRCC with ICI monotherapy ver-
sus ICI combination therapy was possible, outcomes
were better with ICI combination regimens. These
comparisons were performed by subset analysis in
two studies that included only a minor propor-
tion of patients on ICI combination therapy, with

numerically and statistically significant superiority
for combination regimens [24, 25]. Moreover, ICI
combination schemes were overall well tolerated by
nccRCC patients.

Importantly, better outcomes with ICI combina-
tion therapy may not be consistently verified across
all subtypes of nccRCC. For example, a study with a
nivolumab-ipilimumab combination reported poorer
outcomes for papillary cancers than for ccRCC
patients [19], although it included only seven papil-
lary tumors. This aspect requires further clarification.

Unfortunately, only up to a third of patients with
nccRCC will respond to ICIs. Therefore, adequate
selection of which nccRCC patients might benefit the
most from a given drug is a current unmet need. Some
of the included studies searched for possible biomark-
ers of response to ICI-based therapy. Among possible
histological biomarker findings, there was an associ-
ation of efficacy and a higher expression of PDL-1 in
some studies [16, 20] but not in others [21]. More-
over, the tumor mutational burden did not seem to
associate with response in nccRCC [24]. There was
an association of efficacy to some potential laboratory
biomarkers (namely, platelets under the upper limit
of normal (ULN) and LDH under the ULN) [23], but
it remains exploratory. Interestingly, occurrence of
immune-related adverse events was associated with
positive outcomes in one study [23]. Future trials
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with larger populations and exploratory analyses may
help finding biomarkers for the adequate selection of
nccRCC cases in which to use ICIs.

Reassuringly, multiple trials involving ICI-based
therapies in nccRCC are ongoing (Table 4). These
should answer key outstanding questions about
nccRCC treatment strategies, including the efficacy
and safety of different ICI-TKI and ICI-ICI combina-
tions in nccRCC, the difference of efficacy between
ICI-TKI and TKI alone, the efficacy and safety of a
triple combination of TKI-ICI-ICI and the outcomes
of a strategy of individualized treatment based on
genomic alterations found in patients with advanced
nccRCC.

PRACTICAL CONSIDERATIONS FOR
NCC RCC TREATMENT

Currently, standard targeted therapies for
metastatic nccRCC tumors include cabozan-
tinib [14], sunitinib [11–13], and levantinib plus
everolimus combination [39]. Nivolumab and pem-
brolizumab are also possible therapeutic options.
Cytotoxic treatment like platinum-based chemother-
apy can be considered for patients with medullary
cancer [4]. ICI based therapies achieve better
responses in papillary tumors or in tumors with sar-
comatoid/rhabdoid features. Combination regimens
(either with ICI-ICI or with ICI-TKI combinations)
are associated with better outcomes and should be
considered in these histologies. Patients diagnosed
with advanced nccRCC should be always offered a
clinical trial, whenever available.

CONCLUSION

Immune checkpoint inhibitor-based therapy might
be a valid option for the treatment of advanced
RCC of non-clear-cell histology, but the level of
evidence to support it is low. Combination therapy
might increase the overall activity, but more trials
with larger populations are needed to confirm these
observations. In addition, the overall response rate
varies widely across tumor subtypes, with papillary
subtype and tumors with sarcomatoid features being
associated with higher activity. Mixed responses have
been observed with unclassified tumors while chro-
mophobe tumors seem to be resistant to ICI therapy.
Other tumors were included in insufficient numbers
to understand their pattern of response. Biomarkers
that adequately predict the efficacy of ICI based ther-

apies among nccRCC are lacking and their inclusion
in future trials is warranted.
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