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OVERVIEW

Renal cell carcinoma (RCC) is one of the 10 most commonly diagnosed solid tumors. Most
RCCs are histologically defined as clear cell, comprising approximately 75% of diagnoses.
However, the remaining RCC cases are composed of a heterogeneous combination of diverse
histopathologic subtypes, each with unique pathogeneses and clinical features. Although the
therapeutic approach to both localized and metastatic RCCs has dramatically changed, first with
the advent of antiangiogenic targeted therapies and more recently with the approval of immune
checkpoint inhibitor (ICl)-based combinations, these advances have primarily benefited the clear
cell RCC patient population. As such, there remains critical gaps in the optimization of treatment
regimens for patients with non—clear cell, or variant, RCC histologies. Herein, we detail recent
advances in understanding the biology of RCC with variant histology and how such findings have
guided novel clinical studies investigating precision oncology approaches for these rare subtypes.
Among the most common variant histology RCCs are papillary RCC, comprising approximately
15%-20% of all diagnoses. Although a histopathologically diverse subset of tumors, papillary
RCC is canonically associated with amplification of the MET protooncogene; recently completed
and ongoing trials have investigated MET-directed therapies for this patient population. Finally,
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we discuss the unique biology of RCC with sarcomatoid dedifferentiation and the recent clinical
findings detailing its paradoxical sensitivity to ICls.

INTRODUCTION

Renal cell carcinoma (RCC) is among the 10 most common cancer diagnoses in the
United States, with over 80,000 new cases expected to be diagnosed in 2024 alone.!
RCCs are subclassified on the basis of histopathologic features: clear cell RCC (ccRCC)
represents the most common subtype, accounting for approximately 75% of diagnoses.
ccRCC is typically defined by nests of PAX8*, CAIX™ dysplastic cells with clear lipid-
laden cytoplasm, and canonically arises secondary to loss of chromosome 3p containing
the VAL tumor suppressor gene.23 However, while ccRCC is the major RCC subtype,
various histologically and biologically unique subtypes, termed variant histologies, exist
(Fig 1). These variant histologies include papillary RCC (approximately 15% of diagnoses),
chromophobe RCC (approximately 5% of cases), and multiple other subtypes such as
collecting duct carcinoma, translocation RCC, renal medullary carcinoma, and mucinous
tubular and spindle cell carcinoma of the kidney. Furthermore, sarcomatoid and rhabdoid
features present an additional class of histologic features that can arise from any of the
above-stated subtypes and which carry their own unique biology and clinical challenges.*

The treatment paradigm for metastatic RCC is rapidly evolving, having undergone three
distinctive eras within the past 25 years. RCC was among the few solid tumor types to
exhibit responsiveness to cytokine therapies, and resultingly, systemic interleukin-2 and
interferon-a were approved for use in metastatic RCC.>~ However, these agents were
limited by a poor efficacy-to-toxicity ratio, with durable responses noted in <10% of
patients and median overall survival (OS) plateauing at approximately 1 year. Beginning
with the approval of sorafenib in 2005, agents targeting vascular endothelial growth factor
(VEGF) and the VEGF receptor (VEGFR) became the front-line therapies of choice

for metastatic RCC. These agents include bevacizumab, sunitinib, axitinib, pazopanib,
lenvatinib, cabozantinib, and tivozanib.8-13 Additional small molecule inhibitors of the
mTOR signaling cascade—everolimus and temsirolimus—were also approved for metastatic
RCC during this period.1*1> More recently, RCC has benefitted from the advent of immune
checkpoint inhibitors (ICIs). Initial approvals for ICI therapy in RCC came after the
successful CheckMate-025 trial comparing nivolumab, an ICI agent targeting the PD-1
checkpoint molecule on T cells, to everolimus in patients with metastatic RCC refractory to
previous systemic therapy.1® This accelerated study of ICls in the frontline treatment setting
and has resulted in the approval of multiple ICI-based combinations for metastatic RCC,
including nivolumab with ipilimumab (an ICI targeting the cytotoxic T-cell lymphocyte-4
checkpoint molecule), axitinib with avelumab (an inhibitor of the PD-L1 checkpoint),
axitinib with pembrolizumab (anti-PD-1), lenvatinib with pembrolizumab, and cabozantinib
with nivolumab.17-21

Intriguingly, these approved agents have been developed and received approval on the basis
of their activity in ccRCC, yet have historically been used in a histology-agnostic fashion
for the treatment of non-ccRCC as well, with limited success. Therefore, developing novel
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strategies for the treatment of variant histology RCCs has been a paramount need. Herein,
we detail the ongoing efforts using precision oncology approaches to address the unique
biology of papillary and sarcomatoid RCC.

PAPILLARY RCC
Histology and Biology

Papillary RCC (pRCC) is the most common non-ccRCC, accounting for approximately
15% of all RCC diagnoses. Historically, pPRCC has been divided into two subtypes on the
basis of cytoarchitecture: type 1 pRCC and type 2 pRCC. Type 1 pRCC is identified by
papillary cores comprising small cuboidal cells with or without psammoma bodies, and
often stains positive for CK7 and MUC1.22 Genomic alterations in the MET oncogene
have been identified in at least one third of patients with type 1 pRCC.23 Additional work
also highlighted MET copy-number variations in over 80% of patients with type 1 pRCC,
yielding a potentially actionable target for precision oncology strategies in the clinical
setting.2* Additional alterations described in type 1 pRCC include 7ER7-promoter variants
and CDKNZA/2B mutations.

Type 2 pRCC is a more heterogeneous classification, and recent genomic interrogations have
revealed two distinct subtypes within type 2 pRCC distinguished by differences in copy-
number alterations.2> Histologically, type 2 pRCC presents with large, pseudostratified,
eosinophilic cells, and typically bears higher nuclear grades. Like type 1 pRCC, TERT-
promoter and CDKNZ2A/B alterations are common; however, type 2 pRCC does not harbor
MET alterations to the same degree as type 1 pRCC.23

In the most recent WHO classification, the designation of type 1 and type 2 disease

has been abandoned in favor of two main subcategories of papillary renal tumors—renal
papillary adenoma and papillary RCC.28 Prominent in these new guidelines are molecularly
characterized subsets of RCC including TFE3-rearranged RCC, TFEB-altered RCC, FH-
deficient RCC, ALK-rearranged RCC, and so on. It is of note that several of these molecular
subtypes may coalesce with papillary RCC—for instance, our group has defined a series of
patients with pRCC bearing ALK mutation.2’ The new designation schema underscores the
importance of molecular classification of patients with rare histologies of RCC.

VEGF-/VEGFR- and mTOR-Directed Targeted Therapies

Given the numerous approvals of VEGF- and mTOR-directed therapies in RCC, multiple
targeted therapy agents were trialed in pRCC patient cohorts. Among the initial endeavors
was the single-arm RAPTOR trial (Clinical Trials.gov identifier: NCT00688753) of
everolimus as first-line therapy in patients with pRCC. 28 RAPTOR enrolled 88 patients
with a median progression-free survival (PFS) of 4.1 months and median OS of 21.4 months
reported. The SUPAP trial (ClinicalTrials.gov identifier: NCT00541008) was similarly
structured, investigating sunitinib in treatment-naive patients with metastatic pRCC in a
nonrandomized fashion.2® Median PFS with sunitinib was 6.6 months for patients with type
1 pRCC and 5.5 months for those with type 2 pRCC. OS outcomes for type 1 and type 2
pRCC were 17.8 and 12.4 months, respectively.
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The ESPN (ClinicalTrials.gov identifier: NCT01185366) and ASPEN (Clinical Trials.gov
identifier: NCT01108445) trials randomly assigned patients with metastatic non-ccRCC to
receive sunitinib or everolimus in the frontline setting.3%:31 ESPN was structured to allow
for crossover at the time of disease progression. Notably, ESPN and ASPEN both allowed
for various non-ccRCC histologies, including pRCC, chromophobe RCC, and unclassified
RCC. In total, 27 (25%) and 70 patients (65%) with pRCC were enrolled in ESPN and
ASPEN, respectively. There was no significant difference in median PFS in the ESPN
intention-to-treat population (6.1 months with sunitinib; 4.1 months with everolimus; P=
.60). Similarly, no significant difference in median PFS between sunitinib and everolimus
was observed in ASPEN (8.3 months with sunitinib; 5.6 months with everolimus; £=.16).
Within pRCC subgroups of both ESPN and ASPEN, PFS trends were in line with the full
study cohorts, with median PFS of 5.7 months and 8.1 months with frontline sunitinib and
median PFS of 4.1 months and 5.5 months with frontline everolimus in ESPN and ASPEN,
respectively.

Further studies investigated targeted therapies beyond sunitinib and everolimus for pRCC.
The AXIPARP trial (ClinicalTrials.gov identifier: NCT02489695) of axitinib as frontline
therapy in 44 patients with pRCC yielded a median PFS of 6.6 months, while a trial of
lenvatinib with everolimus in 31 patients with non-ccRCC (including 20 pRCC) reported
an objective response rate of 15%, a median PFS of 9.2 months, and a median OS of 11.7
months. 1032

MET-Directed Targeted Therapies

The adoption of next-generation sequencing has allowed for the profiling of patient tumors
to identify potentially actionable targets at both the individual level and disease type level.
As detailed above, these protocols have revealed the common presence of alterations to the
MET protooncogene, resulting in an increase in MET expression and signaling in pRCC. As
such, recent trials have attempted to leverage this biology to improve patient outcomes in
pRCC by directly targeting MET.

Among the first agents to be trialed was foretinib, a multikinase inhibitor targeting both
MET and VEGFR, among other receptors. Foretinib was investigated in a phase Il trial
(ClinicalTrials.gov identifier: NCT00726323) for patients with pRCC who were either naive
to systemic treatment or received up to one previous line of therapy. In total, 74 patients
were enrolled onto this nonrandomized trial, with a median PFS of 9.3 months reached.
Germline sequencing was performed on the study population, and of note, five of 10 patients
with germline mutations in MET had a clinical response to foretinib. This preceded the
activation of SAVOIR (ClinicalTrials.gov identifier: NCT03091192), a phase 11l randomized
trial of savolitinib (a MET tyrosine kinase inhibitor) compared against sunitinib.33 SAVOIR
was designed as a biomarker-driven trial; inclusion criteria required MET amplification,
MET tyrosine kinase domain mutation, hepatocyte growth factor (the cognate ligand for
MET) alteration, or chromosome 7 gain (genetic loci of the MET gene) for enrollment.
Unfortunately, SAVOIR was halted before completion because of a lack of efficacy signal,
with only 60 patients enrolled at closure. In the enrolled population, savolitinib yielded a
27% objective response rate compared with only 7% for sunitinib.
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Although SAVOIR did not result in meaningful PFS improvement with savolitinib, an
additional randomized phase Il study of MET inhibitors in pRCC was recently reported out.
The PAPMET trial (ClinicalTrials.gov identifier: NCT02761057) initially randomly assigned
patients to receive either (1) sunitinib, (2) cabozantinib, (3) crizotinib, or (4) savolitinib.34
Importantly, unlike the SAVOIR trial, PAPMET enrollment was agnostic to MET-biomarker
status. The crizotinib and savolitinib arms were closed to randomization early after futility
analysis at a prespecified interim analysis, whereas the sunitinib and cabozantinib arms
remained open to accrual through the duration of the study. In total, 29 patients received
crizotinib, 28 received savolitinib, 44 received cabozantinib, and 46 received sunitinib.
Although both crizotinib and savolitinib demonstrated inferior PFS compared with sunitinib,
cabozantinib yielded superior PFS (9.0 months v5.6 months, £=.019). Cabozantinib also
elicited an improved objective response rate relative to sunitinib (23% v 4%, £=.010). To
date, PAPMET represents the only randomized trial showing a significant survival benefit
for MET inhibition in pRCC relative to VEGFR inhibitors and thus promotes cabozantinib
as the small molecule inhibitor of choice for patients with metastatic pRCC.

Further efforts have emerged to explore the efficacy of ICI regimens in pRCC and

other non—clear cell histologies. The CheckMate-374 trial (ClinicalTrials.gov identifier:
NCT02596035) investigated the anti—-PD-1 agent, nivolumab, as monotherapy for patients
with metastatic non-ccRCC.3° Patients were allowed up to three previous lines of systemic
therapy in CheckMate-374. Patients with pRCC represented 24 of 44 enrollees (55%)

and accounted for two of the five reported partial responses on trial. Across the entire
non-ccRCC cohort, median PFS was 2.2 months and median OS was 16.3 months.

Cohort B of the phase Il KEYNOTE-427 (ClinicalTrials.gov identifier: NCT02853344)
study investigated pembrolizumab monotherapy in patients with non-ccRCC who, unlike
in CheckMate-374, had not experienced previous systemic therapy for metastatic disease.3®
Of the 165 total patients enrolled, 118 (72%) had pRCC. In subgroup analysis, patients
with pRCC experienced an objective response rate of 28.8% and a disease control rate of
47.5%. The median PFS for the entire cohort was 4.2 months and the median OS was 28.9
months. The phase 111b/IV CheckMate-920 (ClinicalTrials.gov identifier: NCT02982954)
used a similar patient population, interrogating nivolumab plus ipilimumab in treatment-
naive metastatic pRCC.37 In total, 52 patients were enrolled, of whom 22 (42.3%) had
pRCC. One patient with pRCC experienced a complete response and seven received a partial
response. The median PFS across the full cohort was 3.7 months and the median OS was
21.2 months.

Combination ICIs and Primarily VEGF-Directed Therapies

The clinical activity of combinations with ICl and VEGF-directed therapies in

ccRCC prompted exploration of these combinations in variant histology RCCs. Initial
investigations in this space included testing bevacizumab in combination with atezolizumab
(ClinicalTrials.gov identifier: NCT02724878) (anti—-PD-L1 agent).38 In total, 12 (20%)
patients with pRCC were enrolled, of whom three (25%) had an objective response.

The median PFS across the full cohort was 8.3 months, while the median OS was not
reached. A more recent single-arm trial with first-line pembrolizumab plus lenvatinib across
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non-ccRCC histologies, KEYNOTE-B61 (ClinicalTrials.gov identifier: NCT04704219),
showed promising clinical outcomes.3° The majority of patients (59%) had pRCC, of
whom 54% of patients were noted to have a confirmed objective response, including 8
(9%) patients with a complete response with lenvatinib/pembrolizumab. Notably, 33% of
patients had a best response of stable disease. Although these results compare favorably
with the other prospective trials in pRCC, interpreting activity of combinations with ICI
and primarily VEGF-targeted agents in comparison with MET-directed approaches remains
limited because of the single-arm nonrandomized fashion of these investigations.

Combining ICIs With MET-Directed Therapies

Leveraging the improved outcomes with MET-directed therapies and the promising results
of ICls in the pRCC population, combinations of ICI with MET-directed therapies have

been an active area of investigation with a number of studies recently reported out and

many underway (Table 1). Nivolumab was combined with cabozantinib (ClinicalTrials.gov
identifier: NCT03635892) for patients with variant histology RCC who had received zero or
one previous systemic agent and had not previously received an I1C1.40 Cohort 1 of this study
comprised patients with papillary, unclassified, or translocation RCC, resulting in 40 patients
enrolled. The median PFS in this cohort was 12.5 months, with a median OS of 28 months.

The phase Ib dose-escalation/cohort expansion study, COSMIC-021 (ClinicalTrials.gov
identifier: NCT03170960), enrolled patients with non-ccRCC to receive cabozantinib with
atezolizumab.#! Within the non-ccRCC cohort, 15 patients (47%) had pRCC. No complete
responses were reported; however, partial responses were observed in 47% of patients
with pRCC. Furthermore, the disease control rate across all variant histology patients

was a remarkable 94%. The completion of COSMIC-021, demonstrating favorable toxicity
profiles and survival outcomes with the combination of a MET-inhibitor and an ICI agent,
preceded the development of PAPMET2 (ClinicalTrials.gov identifier: NCT05411081).
PAPMET2is an ongoing phase Il randomized trial set toenroll 200 participants that
compares cabozantinib alone to the combination of cabozantinib with atezolizumab in
patients with metastatic pRCC who have not previously received ICI therapy (Fig 2A).42
The primary end point of PAPMET2 is PFS, with secondary end points including OS,
objective response rate, and adverse event reporting.

Furthermore, the CALYPSO trial (ClinicalTrials.gov identifier: NCT02819596) also
combined MET inhibition with ICI, pairing savolitinib with durvalumab (anti-PD-L1).43
This single-arm trial allowed for patients with treatment-refractory pRCC, enrolling 41
patients. Objective response was observed in 29% of the overall cohort and, among the

27 patients with MET-driven tumors, the objective response rate was 53%. The phase 111
SAMETA trial (ClinicalTrials.gov identifier: NCT05043090) builds from the findings of
CALYPSO, randomly assigning patients with MET-driven pRCC with no previous lines of
systemic therapy to savolitinib plus durvalumab, durvalumab alone, or sunitinib ina 2:1:1
fashion.** SAMETA is expected to enroll 220 patients with PFS as the primary end point
(Fig 2B). The STELLAR-304 trial (ClinicalTrials.gov identifier: NCT05678673) is similar
in design to both PAPMET2 and SAMETA. STELLAR-304 is comparing the combination
of nivolumab with zanzalintinib, a next-generation multikinase inhibitor targeting MET,
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VEGR, and additional receptor tyrosine kinases, with sunitinib.4>46 Patients will be
randomly assigned 2:1 to the experimental combination and control arms, respectively (Fig
2C). Unlike PAPMET2 and SAMETA, however, STELLAR-304 will allow for inclusion

of any non—clear cell variant RCC histology. An additional randomized phase Il trial,
SUNIFORECAST (ClinicalTrials.gov identifier: NCT03075423), is randomly assigning
patients with variant histology RCC, including pRCC, to receive the combination of
nivolumab plus ipilimumab versus a physician’s choice regimen on the basis of current
standards of care (Fig 2D).*” PAPMET2, SAMETA, STELLAR-304, and SUNIFORECAST
represent a new push toward exploring therapeutic activity through randomized trials in
pRCC and other non-ccRCC subtypes.

Investigations into the optimal therapeutic strategies for pPRCC remain ongoing. In recent
years, we have seen advancement from PFS <5 months with VEGF- and mTOR-directed
therapies to PFS durations surpassing 1 year with newer precision approaches such as
MET-directed agents and ICls, alone or in combination. Ongoing work exploring these
strategies in randomized studies will provide more clarity into the appropriate frontline
treatments of choice for patients with metastatic pRCC. On the basis of the recent success
of KEYNOTE-564 in the adjuvant space, future efforts are needed to assess the utility of
adjuvant therapy for patients with localized pRCC after nephrectomy.#8

RCC WITH SARCOMATOID DEDIFFERENTIATION

Histology and Biology

RCC with sarcomatoid dedifferentiation (SRCC) is defined by the presence of
pathognomonic spindled cells. These features of dedifferentiation demonstrate loss of
epithelial components with high cell density and nuclear atypia.4® SRCC presents a unique
challenge compared with other variant histology RCCs, as it is not truly a distinct
histotype. Indeed, SRCC typically exists as discrete dedifferentiated features embedded
within another RCC histology, most commonly ccRCC or chromophobe RCC.# Thus,
SRCCs are fundamentally heterogeneous in their histopathologic presentation and biology.

Although the precise etiology of sarcomatoid feature development is still unclear, the
process is commonly associated with epithelial-to-mesenchymal transition (EMT).50-52
EMT is a cellular plasticity process that underlies invasion, metastasis, and aggressiveness
across tumor types. As such, SRCC is historically among the most aggressive RCC subtypes.
Although only accounting for approximately 5% of all RCCs, sRCCs are enriched for

in metastatic RCC, comprising approximately 20% of metastatic cases.>3:>4 Furthermore,
median OS for patients with SRCC has infrequently surpassed 1 year and the presence

of sarcomatoid features portends worse survival outcomes compared with nonsarcomatoid-
containing RCCs irrespective of disease stage.®® Importantly, SRCC has also shown minimal
responsiveness to canonical anticancer therapies, including cytokines, VEGF(R) inhibitors,
and chemotherapeutics, as detailed below. Notably, however, recent subgroup analyses from
the trials of ICIs in RCC have revealed a preferential responsiveness for ICl among sRCC
cases, resulting in a welcome advancement in the clinical management of this aggressive
disease. Studies of SRCC patient specimens have elucidated correlative features that may
underlay this responsiveness, including increased PD-L1 expression, increased inflammatory
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gene programs, and increased 7”53 mutations in SRCC relative to ccRCC and other
nonsarcomatoid RCC subtypes.#52:56.57

Chemotherapeutic Approaches

Among the first experimental strategies for SRCC was doxorubicin, on the basis of previous
evidence of doxorubicin activity in sarcoma. A single-center analysis of 44 patients with
metastatic SRCC included those treated with doxorubicin, interferon, or hormonal therapy.>8
Intriguingly, two patients treated with doxorubicin had complete response and interferon
portended the longest OS durations. Subsequent investigations into doxorubicin-based
chemotherapy strategies commenced. A phase Il study enrolling 25 patients (including 23
evaluable patients) with SRCC investigated doxorubicin with ifosfamide showed minimal
benefit for this regimen: median PFS was 2.2 months and OS did not surpass 4 months.59
An additional study of doxorubicin, this time with gemcitabine, was performed in 18
patients.50 Seven patients achieved an objective response (two complete responders), and
the median duration of response was 5 months. ECOG 8802 (ClinicalTrials.gov identifier:
NCT01164228) offered a further interrogation on the basis of the previous data, evaluating
doxorubicin with gemcitabine in a prospective phase 1 trial.61 In total, 39 patients were
enrolled onto ECOG 8802; objective responses were seen in six (16%) patients, including
one complete response. The median PFS for the study cohort was 3.5 months, while the
median OS was 8.8 months.

Targeted Therapies Alone or in Combination

ICls

As targeted therapies were approved throughout the 2000s, prospective studies commenced
to investigate the impact of these agents on SRCC outcomes. Sorafenib was trialed in

nine patients previously treated with gemcitabine plus doxorubicin. The time to treatment
progression with sorafenib was 10.9 months and a partial remission was reported in one
patient.52 Additional work also interrogated the addition of targeted agents to cytotoxic
chemotherapies. Capecitabine, gemcitabine, and bevacizumab were combined in a phase
11 trial enrolling 34 patients with SRCC.52 Objective responses were observed in 20% of
patients, including one complete responder. The median PFS in this cohort reached 5.5
months, with a median OS of 12 months. The ECOG 1808 trial investigated targeted
therapy with or without addition of chemotherapy for SRCC.54 Patients in ECOG 1808
were randomly assigned to receive sunitinib monotherapy or sunitinib with gemcitabine.
In total, 47 patients were randomly assigned to the sunitinib plus gemcitabine arm and 40
to the sunitinib monotherapy arm. Response rates were 20% and 11% for the combination
and monotherapy arms, respectively. The median PFS with the combination strategy was
5.3 months and median OS was 9.4 months, compared with a median PFS of 3.0 months
and median OS of 7.6 months with sunitinib alone. To date, ECOG 1808 remains the only
randomized trial to be performed exclusively in a SRCC patient population.

The adoption of ICls in RCC has perhaps had no greater impact than on the SRCC

patient population. As detailed above, previous therapeutic approaches for sSRCC yielded
minimal survival improvements. However, subgroup analyses of multiple phase I trials
have shown dramatic survival benefits for ICI-based combinations relative to VEGF-directed
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targeted therapies (Table 2). Within the CheckMate-214 trial (ClinicalTrials.gov identifier:
NCT02231749) comparing nivolumab plus ipilimumab to sunitinib as frontline therapy

for metastatic RCC, 139 patients with SRCC were enrolled.®> Comparisons of PFS
demonstrated clear benefit with nivolumab plus ipilimumab (26.5 months v5.1 months; P=
.009). This survival benefit was reaffirmed in the analysis of objective response rate (61%
23%) and complete response rate (19% v 3%). Long-term follow-up of this population
demonstrated maintenance of these PFS and response rate trends, and further revealed a
difference in median OS of 48.6 months versus 14.2 months between patients receiving
nivolumab plus ipilimumab and sunitinib, respectively.6® The findings from CheckMate-214
represent a seismic shift in survival outcomes for patients with SRCC, improving OS from
<1 year to beyond 4 years with ICI.

The positive findings from CheckMate-214 have been recapitulated in subsequent trials of
ICls for metastatic RCC. In JAVELIN 101 (ClinicalTrials.gov identifier: NCT02684006),
108 patients had SRCC (47 receiving axitinib plus avelumab and 61 receiving sunitinib).6”
Again, patients with SRCC receiving axitinib plus avelumab experienced improved PFS (7.0
4.0 months) and objective response rate (47% v21%). IMmotion151 (Clinical Trials.gov
identifier: NCT02420821), comparing bevacizumab plus atezolizumab to sunitinib, reported
similar survival improvements with ICI in SRCC.58 In total, 142 patients with SRCC were
enrolled onto IMmotion151 and median PFS favored the bevacizumab with atezolizumab
arm (8.3 months v5.3 months). Similar to previous trials, treatment with bevacizumab

plus atezolizumab resulted in higher objective response rates (49% v 14%) and complete
response rates (10% v 3%) relative to sunitinib. The afore-mentioned trial of bevacizumab
with atezolizumab in variant RCC histologies also allowed for patients with >20%
sarcomatoid feature presence irrespective of background histology.38 In total, 26 patients
with sarcomatoid features were enrolled, including 18 with ccRCC and 8 with variant
histologies. Among patients harboring ccRCC with sarcomatoid features, the objective
response rate reached 50%, whereas the response rate for patients with variant histology
and sarcomatoid features was 38%.

The more recently reported CLEAR (ClinicalTrials.gov identifier: NCT02811861) study of
lenvatinib plus pembrolizumab compared with sunitinib also reported similar outcomes with
ICI combination relative to targeted therapy alone for patients with SRCC.%9 Forty-nine
patients with SRCC were enrolled in CLEAR; among patients with SRCC, the median PFS
reached 11.1 months with lenvatinib and pembrolizumab compared with 5.5 months with
sunitinib. CheckMate-9ER (ClinicalTrials.gov identifier: NCT03141177), also among the
more recent phase 11 trials in metastatic RCC comparing nivolumab plus cabozantinib to
sunitinib, has also reported both PFS (13.8 months 4.2 months) and OS (37.6 months v
22.1 months) benefits with ICI combination relative to sunitinib for patients with SRCC.7°

Taken together, these subgroup analyses of ICI efficacy provide a remarkable advancement
in survival outcomes for patients with SRCC. Efforts are ongoing to better understand

the biology underlying these responses, with hopes that such discoveries can further
improve outcomes in this aggressive disease type. Furthermore, for those patients with
SRCC who experience disease progression on an ICI, it remains unclear what the best
treatment option is. Although ICI rechallenge did not provide benefit for patients with
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MRCC regardless of primary histology who previously had progression on an ICI therapy
in the CONTACT-03 trial (ClinicalTrials.gov identifier; NCT043382569), 10% of the trial
population had sSRCC."! It will be interesting to note if any differences in ICI rechallenge
response are noted in the SRCC population compared with the intention-to-treat population
in future subgroup analyses.

CONCLUSIONS

Variant histology RCCs account for 25% of all RCC diagnoses, yet therapeutic approaches
specific to the biology of each subtype has only recently expanded. The most common
variant histology RCC, pRCC, is canonically associated with MET hyperactivity, and

as such, novel efforts have shown improved clinical outcomes with MET inhibitors in
patients with pRCC. Ongoing efforts in this domain are investigating the addition of ICI
regimens to MET inhibition for patients with pRCC, with the goal of further improving
upon the advances in survival made over the past 5 years. Furthermore, the discovery that
SRCC tumors are highly responsive to ICI represents among the most meaningful clinical
revelations in the ICI-therapy era. For a patient population with historical survivals of <1
year, ICI combinations can now improve OS beyond the 4-year time point. More work is
needed to better understand the biology underlying these preferential responses, and in doing
so, we may develop novel strategies to augment ICI and further improve patient responses
moving forward.

Although not highlighted within this article, there have been numerous advancements in
our understanding of both the biology and clinical management for additional variant

RCC histologies, including chromophobe RCC, translocation RCC, and renal medullary
carcinoma.”2-81 As progress continues for the more prevalent non-ccRCC subtypes detailed
within, clinical translation of novel findings for these rare histologies will provide further
development and refinement of clinical strategies to improve the lives of patients with
variant histology RCC.

The previous 5 years have seen a rapid expansion of pre-clinical and clinical investigation
into understanding and treating variant histology RCCs. These efforts have coalesced into
meaningful improvements in clinical outcomes for patients diagnosed with non-ccRCCs.
Ongoing and future work, including trials detailed herein and beyond, promise to further
improve the outcomes and well-being of patients diagnosed with variant histology RCC.
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PRACTICAL APPLICATIONS

Renal cell carcinoma (RCC) can be classified on the basis of histopathology;
clear cell RCC is the most common, while non—clear cell variant histologies
account for 25% of cases and comprise multiple unique subtypes.

Papillary RCC is the second most common RCC histology, comprising 15%
of cases, and is frequently associated with amplifications and alterations of
the MET protooncogene.

Targeting of the MET signaling pathway with cabozantinib has proven
efficacious in papillary RCC; ongoing trials are investigating MET inhibitors
in combination with immune checkpoint inhibitors (ICIs).

Sarcomatoid dedifferentiation is a unique entity based on the presence of
pathognomonic spindle-cell morphology, which can arise within any RCC
histologic background.

RCC with sarcomatoid dedifferentiation has historically been a highly
aggressive tumor type, but recent evidence has demonstrated preferential
responsiveness of these tumors to IClIs.
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FIG 1.

Overview and relative proportion of histologic subtypes comprising RCC diagnoses.
Pathology images retrieved from pathologyoutlines.com. RCC, renal cell carcinoma.
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Previous cabozantinib therapy (one previt dj therapy all
| Pre\_lious aPD—1IPD-L1. dled.(point
Cabozantinib + Cabozantinib Durvalumab || Savolitinib Sunitinib Zanzalintinib + Sunitinib Nivolumab + Investigator's
atezolizumab + savolitinib nivolumab ipilimumab Choice (SoC)

Primary end point: PFS
Secondary end points: OS, ORR,
adverse events

FIG 2.

Primary end point: PFS (durvalumab +
savolitinib v sunitinib)

Secondary end points: OS, ORR, DCR,
DoR, HRQolL

Primary end point: PFS, ORR

Secondary end points: OS

Primary end point: PFS

Secondary end points: OS rate at
12 mo, OS rate at 6 and 18 mo, OS,

PFS, ORR, HRQoL

Schematics of ongoing randomized trials for patients with pRCC: (A) PAPMET2
(ClinicalTrials.gov identifier: NCT05411081), (B) SAMETA (ClinicalTrials.gov identifier:
NCT05043090), (C) STELLAR-304 (ClinicalTrials.gov identifier: NCT05678673), and
(D) SUNIFORECAST (ClinicalTrials.gov identifier: NCT03075423). DCR, disease control
rate; DoR, duration of response; HRQoL, health-related quality of life; ORR, objective
response rate; OS, overall survival; PFS, progression-free survival; pRCC, papillary renal

cell carcinoma; R, randomize; RCC, renal cell carcinoma; SoC, standard of care.
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