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Abstract

Purpose of Review Historically, kidney cancer was diagnosed as either clear cell renal carcinoma (ccRCC) or non-clear
cell renal carcinoma (nccRCC). With further research into the pathophysiology of nccRCC, multiple distinct subtypes have
emerged creating distinct diagnosis, such as papillary renal cell carcinoma (PRCC), chromophobe renal cell carcinoma
(crRCC), or unclassified carcinoma (cRCC). Many other kidney cancer subtypes are now included in the WHO classifica-
tion system.

Recent Findings The prognosis for each of the more frequently diagnosed types is discussed here along with treatment
recommendations. The available clinical trial results and salient retrospective studies of each subtype are reviewed here to
guide clinicians on the optimal treatment selection for patients with these rare histologic types or RCC.

Summary Many nccRCC types are now recognized and each has unique molecular drivers which are different than ccRCC.
The optimal treatment strategy is different for each subtype. The prognosis also differs based on the histology.

Keywords Chromophobe - Papillary - Collecting duct - Non-clear cell - Kidney cancer - Immune therapy - Tyrosine kinase

inhibitor - Unclassified - Translocation

Introduction

Oncologists are anticipated to treat more patients with renal
cell carcinoma now compared to previous generations of
physicians. The American Cancer Society estimates that
the incidence of renal cell carcinoma is increasing steadily,
with an estimated 7.1 cases per 100,000 people in 1975 in
contrast to an estimated 16.1 cases per 100,000 people in
2017. In contrast, some other cancers have noted decreas-
ing trends such as colorectal, lung, and stomach cancers [1].
Fortunately, there has been a significant expansion of our
understanding of renal cell carcinoma and treatment para-
digms for patients with renal cell carcinoma.
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The most recent WHO classification system for renal cell
carcinoma published in 2016 [2] includes both aggressive
and indolent cancers: clear cell renal cell carcinoma, mul-
tilocular cystic renal neoplasm of low malignant potential,
papillary renal cell carcinoma (PRCC), fumarate-hydratase
deficient renal cell carcinoma (thRCC), chromophobe renal
cell carcinoma (chRCC), collecting duct carcinoma (CDC),
renal medullary carcinoma (RMC), MiT family translocation
renal cell carcinomas (tRCC), succinate dehydrogenase defi-
cient renal cell carcinoma (SDDRCC), mucinous tubular and
spindle cell carcinoma, tubulocystic renal cell carcinoma,
acquired cystic disease—associated renal cell carcinoma,
clear cell papillary renal cell carcinoma, unclassified renal
cell carcinoma (uURCC), papillary adenoma, and oncocytoma
among many others. This review will focus on the more
aggressive subtypes including PRCC, fhRCC, chRCC, CDR,
RMC, tRCC, and uRCC. This diagnostic framework is con-
tinually evolving with increased understanding of the bio-
logic underpinnings of these malignancies. It is anticipated
that an updated classification will be published again pos-
sibly in 2022 or later.

Despite this diverse diagnostic categorization, histori-
cally, renal cell carcinoma was clinically treated as two
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disease entities: clear cell renal carcinoma (ccRCC) and non-
clear cell renal carcinoma (nccRCC). Clinical trials included
patients with any of these nccRCC diagnosis and also col-
lated all the patients when reporting results. This facilitated
clinical trial accrual but limited the capacity to advance our
understanding of each subtype. Also the clinical trials were

Fig. 1 Photomicrographs of
selected non-clear cell renal car-
cinomas. A Papillary renal cell
carcinoma shows a conspicuous
papillary architecture (H&E,
100 x). B Chromophobe renal
cell carcinoma: tumor cells with
plant-like cell borders, rasinoid
nuclei, and perinuclear halos
(H&E, 100x). C TFE3 rear-
ranged renal cell carcinoma: a
papillary architecture cell with
abundant clear and eosinophilic
cytoplasm characterizes this
subtype of renal cell carcinoma
(H&E, 100 x). Inset: fluores-
cence in situ hybridization

for TFE3 shows a break-apart
signal. D Fumarate hydratase—
deficient renal cell carcinoma:
a papillary architecture with
moderate cytoplasmic eosino-
philic change is seen (H&E,
100x). The top inset demon-
strates characteristic nuclei with
prominent eosinophilic nucleoli
and perinucleolar halos. The
bottom inset shows loss of
fumarate hydratase identified on
a fumarate hydratase immuno-
histochemical stain. E Collect-
ing duct carcinoma: infiltrating
atypical glands in a background
of desmoplastic stroma charac-
terize this renal cell carcinoma
(H&E, 100x). F Unclassified
renal cell carcinoma: the image
depicts a renal cell carcinoma
with sarcomatoid morphol-

ogy (H&E, 100X). Ancillary
work up was inconclusive for a
known RCC subtype. G Renal
medullary carcinoma: this rare
subtype of renal cell carcinoma
shows poorly differentiated
glands in a reticular myxoid
background (H&E, 100 x)
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generally based on testing therapies proven in ccRCC with-
out consideration of the unique biology for each histology/
molecular diagnosis. The ASPEN [3] and ESPN [4] trials are
examples of this approach. More recently, clinical trials are
separating patients by diagnosis in the inclusion criteria and/
or analysis leading to more therapeutic advances (see Fig. 1).
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Papillary Renal Cell Carcinoma

PRCC is further subclassified histologically (and increas-
ingly by molecular characteristics) into type 1 PRCC and
type 2 PRCC [5, 6]. Molecular alterations to MET are fre-
quently found in type 1 including mutations and amplifica-
tion with duplication of chromosome 7, the location of MET.
Other molecular alterations can also be observed including
SETD2, NF2, KDM6A, TERT, and SMARCBI as well as
chromosome gains in other chromosomes. Alterations to
MET are observed in over 80% of patients [7ee]. Type 2
includes a more diverse group of molecular drivers including
hypermethylation of CDKN2A resulting in gene silencing,
mutations to chromatin remodeling genes (e.g., PBRM],
SETD2, BAPI), TFE3 fusions, and increased expression of
the NRF2—-antioxidant response element pathway [7ee].

Generally, type 1 PRCC presents with more high risk fea-
tures and frequently has a worse prognosis relative to type 2
PRCC. Currently, the diagnostic criteria between these two
subtypes are histologically defined. Not surprisingly, there
are frequently identified cases that share similar histologic
features of both type 1 and type 2 [8]. The pathologic dis-
tinction between type 1 and type 2 PRCC can be challenging
with frequent discordance between pathologists. Many cent-
ers prefer to classify all PRCC together and avoid subtyping
due to this diagnostic inconsistency.

Tyrosine kinase inhibitors (TKI) are frequently effective
for these cancers. A multi-institution retrospective study
suggests that cabozantinib (a multi-targeted TKI including
MET) is highly effective for this disease [9]. Recently, the
S1500 clinical trial was published establishing a standard
of care treatment based on prospective clinical trial data.
This cooperative group clinical trial randomized patients
1:1:1:1 to the standard of care at that time, sunitinib (multi-
targeted TKI including VEGF), compared separately with
each of three investigational arms: cabozantinib, savolitinib
(a more selective MET inhibitor), and crizotinib (ALK and
MET antagonist) [10ee]. In total, 152 patients were enrolled:
48 to sunitinib, 46 to cabozantinib, 28 to crizotinib, and 30
to savolitinib. The latter two arms enrolled fewer patients
because of inferior results compared with sunitinib at the
time of the interim futility analysis resulting in early closure.
The median progression-free survival (PFS), the primary
endpoint, was 5.6 months (95% CI 2.9-6.7), 9.0 months
(95% CI 5.6—12.4), 2.8 months (95% CI 2.6-3.6), and
3.0 months (95% CI 2.8-7.2), respectively. This is the first
randomized clinical trial specifically in PRCC and estab-
lishes cabozantinib, the current standard of care for first-line
treatment of PRCC.

MET alterations are not the only molecular drivers of
PRCC as seen from the S1500 clinical trial where savoli-
tinib, a MET-targeted therapy, was inferior to sunitinib. This
difference was observed in patients with both type 1 and type

IT histology. Tumors with MET alteration do appear sensi-
tive to savolitinib though. The SAVIOR clinical trial was
a randomized phase III clinical trial comparing savolitinib
versus sunitinib in PRCC patients with MET alterations [11].
The trial was closed early due to slow accrual. In total, 60
patients were randomized (n =33 savolitinib, n =27 suni-
tinib). The median PFS was 7.0 months and 5.6 months,
respectively (p=0.31). MET status was defined as any of
chromosome 7 gain, MET amplification, MET kinase domain
variations, or HGF amplification. Savolitinib is not approved
for the treatment of RCC outside of China.

Immune therapy using PD-1/PD-L1 checkpoint inhibitors
has also been tested in PRCC with apparent clinical activity
in some patients. KEYNOTE-427 was the first clinical trial
reported using immune checkpoint inhibitors in treatment-
naive patients with nccRCC. This clinical trial enrolled
patients into two cohorts, ccRCC (n=110) [12] and nccRCC
(n=165) [13e]. All patients received open-label pembroli-
zumab 200 mg every 3 weeks for <24 months. The results
of the nccRCC cohort were reported for each histology
separately including PRCC (71.5%), CRCC (12.7%), and
unclassified (15.8%). For PRCC, the objective response rate
(ORR) was 28.8%, similar to what has been observed with
first-line single-agent checkpoint inhibitors in the ccRCC
population, 36.5% with pembrolizumab [12]. The ORR is
also similar to that observed with second-line checkpoint
inhibitors in the ccRCC population, 23% for nivolumab [14].
The CheckMate-374 study is a phase IV clinical trial that
evaluated nivolumab in nccRCC [15¢]. A total of forty-four
patients were enrolled. Patients could have received up to 3
prior lines of therapy. Most patients had PRCC (n=24), fol-
lowed by chRCC (n=7), uRCC (n=8), tRCC (n=2), CDC
(n=1), RMC (n=1), and not reported (n=1). No complete
responses (CR) were observed in PRCC patients and there
were only 2 partial responses (PR) for an ORR of 8.3%. Nine
patients with PRCC had stable disease (SD) for a disease
control rate (DCR, CR + PR + SD) of 45%. The median dura-
tion of response was 10 months.

Based on the results of TKI/IO therapy in ccRCC, some
phase II clinical trials have been conducted in PRCC. Savoli-
tinib combined with durvalumab (PD-L1 antagonist) was
conducted in a phase 1 dose escalation study (n=41) [16].
The combination was safe with an observed response rate
of 27% with a median PFS of only 3.3 months. The ORR
was higher in patients with MET alterations (40%). Sepa-
rately, cabozantinib plus nivolumab (PD-1 antagonist) was
explored in all nccRCC [17]. Two separate cohorts were
enrolled: cohort 1 enrolled PRCC (n=33), translocation
(n=2), and unclassified (n=15); cohort 2 enrolled only chro-
mophobe (n=7). No CR were observed in cohort 1. The
ORR was 47% and only 1 patient had progressive disease
(PD). The median duration of response was 13.6 months for
a 12-month PFS of 52.8%.
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Based on the results of the S1500 clinical trial, the rec-
ommended first-line therapy is cabozantinib. Emerging
evidence suggests that TKI-IO-based combinations might
be highly active in PRCC with trials ongoing to formally
evaluate this approach. For instance, SWOG is opening
S2200 (PAPMET2) comparing cabozantinib versus cabo-
zantinib plus atezolizumab as first-line therapy in patients
with PRCC. This is anticipated to open in 2022.

Fumarate Hydratase—Deficient Renal Cell Carcinoma

Fumarate hydratase—deficient renal cell carcinoma (fhRCC)
is characterized by loss of the FH gene and was first identi-
fied as part of the inherited disease hereditary leiomyomato-
sis and renal cell cancer (HLRCC) in which patients have a
germline loss of FH function. These patients develop benign
uterine and cutaneous leiomyomas as well as very aggres-
sive RCC cancers. More recently, this disease has been
observed to develop in consequence to germline as well as
somatic events. Patients with metastatic disease have a very
poor prognosis with many patients presenting with meta-
static disease at the time of initial diagnosis.

Historically, FHRCC has been included histologically as
PRCC type 2, but given the specific molecular characteri-
zation and poor prognosis, it is more recently categorized
separately. Unique surveillance strategies as well as systemic
treatment recommendations exist for this disease.

A retrospective analysis of HFRCC patients was recently
reported [18]. This included twenty-four patients. The
response rate to PD-1/PD-L1-based therapy was only 18%
with a median time to treatment failure of only 2.5 months.
TKI-based therapy had superior results with an ORR of
50% for cabozantinib and 63% for sunitinib. The median
time to treatment failure was 11.6 months. The ORR to
mTOR-based therapy was 0%.

The National Institute of Health conducted the first pro-
spective clinical trial for fhRCC [19ee]. Patients with fhRCC
(n=42) or sporadic PRCC (n=41) were enrolled into sepa-
rate cohorts. All patients were treated with bevacizumab plus
erlotinib. The ORR for fhRCC was 64% and only 37% for
PRCC. The median PFS was 21.1 months and 8.7 months,
respectively. It is recommended to prioritize TKI-based
therapy for these patients.

Immune therapy appears to have a limited role in FHRCC
though these patients can have moderately durable responses
to TKI-based therapy. Bevacizumab/erlotinib is the recom-
mended first-line therapy followed by sequential TKI ther-
apy at disease progression.

Chromophobe Renal Cell Carcinoma

Chromophobe renal cell carcinoma (chRCC) has multi-
ple molecular alterations including mutations to PTEN

@ Springer

and TP53, whole chromosome loss, and frequent TERT
gene rearrangements. These cancers appear to be highly
dependent on oxidative phosphorylation through the Krebs
cycle compared with normal renal tissue [20]. The prog-
nosis for these patients is more favorable relative to other
RCC types, with fewer patients having metastatic disease
at diagnosis [2]. The IMDC group published survival data
from a total of 10,105 patients by site of metastasis com-
pared between ccRCC (92%), PRCC (7%), and chRCC
(2%) [21]. Patients with chRCC have superior survival
compared with ccRCC and PRCC regardless of the site of
metastasis evaluated. Presence of lung metastasis was the
only exception with chRCC having an inferior median OS
(14.1 months [95% CI, 8.2-23.8 months] compared with
ccRCC (25.1 months [24.1-26.0 months]; P <0.001). The
TCGA dataset was also used to compare the prognosis of
chRCC to ccRCC and reported a similar favorable prog-
nosis for chRCC relative to ccRCC [22].

There are no prospective clinical trials specifically in
chRCC. ASPEN [3] and ESPN [4] are two randomized
basket clinical trials of nccRCC that includes patients
with chRCC. Both studies compared sunitinib versus
everolimus (MTOR antagonist). Twelve and 16 patients
with chRCC were enrolled on the ESPN and ASPEN clini-
cal trials, respectively. In ASPEN, ten patients received
sunitinib with a median PFS of 5.5 months (95% CI
3.2-19.7 months). Six patients were treated with everoli-
mus with a median PFS of 11.4 months (95% CI 5.7 to
19.4 months). In ESPN, six patients were treated with
sunitinib with a median PFS of 8.9 months and 6 patients
were treated with everolimus though the median PFS was
not reported.

Not all TKIs appear to have equal efficacy in this histol-
ogy. For instance, two prospective single-arm clinical tri-
als [23, 24] evaluated sorafenib in nccRCC and included a
total of 32 (3 + 29, respectively) patients with chRCC. The
ORR in the chRCC patients was < 5% combined between
both studies. In contrast, sunitinib was tested in two sepa-
rate single-arm prospective trials in nccRCC with a reported
ORR of 33.3% (chRCC, n=5) [25] and an ORR of 40%
(chRCC, n=5) [26e].

PD-L1 expression is lower [27] in these cancers as well as
less immune infiltration [28] suggesting a poor response to
checkpoint inhibitor therapy. Data from prospective studies
confirms this observation. The KEYNOTE-427 trial, cohort-
B included 21 patients with chRCC (12.7%) [13e]. The ORR
to pembrolizumab was only 9.5% (95% CI, 1.2 to 30.4%) and
the median PFS was only 3.9 months (95% CI, 2.6 to 6.9).
The prospective clinical trial of cabozantinib plus nivolumab
included a cohort of seven patients with chRCC [17]. This
cohort was designed with a Simon two-stage stopping rule
and was closed early due to a poor response rate. No patients
with chRCC had a PR or CR.
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The optimal therapy is yet to be determined for this
disease. However, TKI therapy appears to have a higher
response rate compared with checkpoint inhibitors and
therefore it is recommended to prioritize TKI therapy over
immune therapy at this time.

Collecting Duct Carcinoma

Collecting duct carcinoma (CDC) is a very rare malignancy
that is often metastatic at the time of diagnosis and portends
a very poor prognosis [29, 30, 31e]. Morphologically, it is
similar to RMC though it can be differentiated by molecu-
lar characteristics. It also shares some morphologic charac-
teristics with urothelial carcinoma. CDC has retained INI1
though frequently has HER2 amplification and mutated
SMARCBI, NF2, and SETD?2 genes [32].

The largest reported CDC cohort included 577 patients
identified through the National Cancer Database [31e]. Sev-
enty percent of patients in this dataset had metastatic disease
at diagnosis with a median OS of only 13.2 months.

Treatment typically involves cytoreductive nephrec-
tomy with or without chemotherapy and radiation as this
cancer is not responsive to most traditional RCC therapies
such as sunitinib [26e¢]. In the National Cancer Database,
the median survival was most prolonged with the combi-
nation of cytoreductive nephrectomy plus chemotherapy/
radiation (9.9 months; 95% CI 7.6-12.1 months) compared
with surgery alone (4.4 months; 95% CI 1.8-7.0 months)
or chemotherapy/radiation alone (5.8 months; 95% CI
3.8-7.7 months) [31e].

Platinum chemotherapy is clinically active in this disease
as shown in a prospective clinical trial testing cisplatin or
carboplatin plus gemcitabine [33]. Twenty-three patients
were enrolled. The ORR was 26% with a median PFS and
OS of 7.1 months (95% CI 3.0-11.3) and 10.5 months (95%
CI 3.8-17.1), respectively.

Surprisingly, cabozantinib appears to also have clinical
activity. It was recently examined in a separate prospective
clinical trial of 25 patients [34ee]. The ORR was 35% with a
disease control rate of 71%. The median follow-up was short
however at only 8 months.

Currently, there is no optimally identified treatment for
these patients though both platinum chemotherapy and cabo-
zantinib can be considered. Further clinical trials are needed
to improve the dismal prognosis for these patients.

Renal Medullary Carcinoma

Renal medullary carcinoma (RMC) is very rare but almost
exclusively diagnosed in patients with sickle cell trait or
sickle cell anemia. It is notable for SMARCBI deletion
resulting in the complete loss of the INI1 protein. The prog-
nosis for these patients is very poor. No prospective clinical

trials have been conducted specifically in this disease though
some patients have been included in basket trials including
nccRCC histology. These cancers also do not respond to
typical TKI-based therapy [26e, 35].

Retrospective case series suggest that platinum chemo-
therapy can be effective. The largest case series published
to date includes 52 patients [36e]. Fifty-four percent of
patients were treated with a targeted therapy. Unfortunately,
there were no objective responses observed. Chemotherapy
resulted in an ORR of 29% with a median OS of 16.4 months
for patients treated with chemotherapy plus nephrectomy
compared with 7.0 months for chemotherapy alone. Most
chemotherapy used included cisplatin or carboplatin (car-
boplatin/paclitaxel + bevacizumab; gemcitabine/cispl-
atin + bevacizumab; gemcitabine/doxorubicin + bevaci-
zumab; and dose-dense MVAC-methotrexate, vinblastine,
doxorubicin, cisplatin).

Translocation Carcinoma

Translocation carcinoma (tRCC) encompasses a diverse
range of fusions that involve one of three genes: TFE3,
TFEB, and MITB. The TFE3 is located on Xp11.2; hence,
the other name for this subgroup is Xp11 translocation car-
cinoma, though it should be noted that the term is not inclu-
sive of all the translocations observed in this category. The
morphology of tRCC is similar to ccRCC and PRCC making
diagnosis purely on morphology and histology difficult. Cur-
rently, use of FISH probes specific for these translocations
is the gold standard diagnostic test [37] though RNAseq and
RT-PCR might be used more frequently in the future [38].

tRCC has a higher incidence in pediatrics compared with
adult patients but is uncommon in any age range. The prog-
nosis appears to be variable based on the specific transloca-
tion present with some retrospective data suggesting TFEB
rearrangements have a more favorable prognosis compared
with TFE3 rearrangements. Most of these translocations
result in aggressive biology and a poor prognosis [39—41].

Approximately, 10% of patients have high PD-L1 expres-
sion (> 5% tumor cell membrane staining), similar to PRCC
[27]. The number of tumors evaluated in this study was low
(50 patients PRCC; 10 patients tRCC) adding some uncer-
tainty to the veracity of this conclusion. It is unclear if tRCC
is sensitive to checkpoint inhibitor therapy despite a rela-
tively frequent PD-L1 expression as there are no prospective
studies specifically in this population. In the Checkmate-374
study testing nivolumab monotherapy in both ccRCC and
nccRCC, a total of 2 patients with tRCC were enrolled. Both
patients experienced PD as the best response to therapy
[15e].

Some prospective basket trials of nccRCC have shown
efficacy with TKI therapy. A study of 52 patients, 7
with tRCC, treated with axitinib after progression on
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temsirolimus reported an ORR of 57.1% (4/7 patients)
and a disease control rate of 85.7% [25]. The median PFS
with sunitinib and temsirolimus in the ESPN study which
enrolled 7 patients with tRCC was 6.1 months (95% CI
6.0-8.8; n=3) and 3.0 months (95% CI 1.3-NA, n=4),
respectively [4]. The ASPEN trial enrolled eight patients
with tRCC but did not report the OS or PFS results for this
group. No patients with tRCC achieved a CR or PR to either
sunitinib or temsirolimus [3].

Retrospective reports have identified some responding
patients to both checkpoint inhibitors and TKI therapy.
The multi-institutional report of 43 patients with nccRCC
treated with PD-1/PD-L1 therapy including three patients
with tRCC was notable for one patient with a PR, one patient
with SD, and one patient with PD [42]. A study evaluating
treatment with any VEGF therapy in fifteen patients with
tRCC reported an ORR of 20% (3/15), and a median PFS
and OS of 7.1 months and 14.3 months, respectively [43].
Cabozantinib also appears to have some activity. A study of
112 patients with nccRCC included 17 with tRCC. The ORR
in tRCC was 29% (5/17) with a median time to treatment
failure of 8.3 months (95% CI 4-6-NR). The 12-month OS
was 69% (95% CI 36-87%).

Given the largely retrospective nature of the published
data, there is no clear evidence-based first-line therapy for
these patients. The published data does suggest some activ-
ity for many of the TKI therapies with very limited activity
with checkpoint inhibitors. In addition, given that there are
very few patients treated with immune therapy published in
the literature, it is suggested that TKI therapy be used first.

Unclassified

Unclassified renal cell carcinoma (uURCC) comprises a het-
erogeneous mixture of kidney cancer that does not meet the
diagnostic criteria of any other diagnosis. These cancers
comprise diverse molecular alterations such as NF2, SETD2,
and mTOR [44]. The prognosis appears to be poor relative to
all other types of RCC. In 2247 patients undergoing partial
or complete nephrectomy for localized RCC, the estimated
5-year OS for uRCC was more unfavorable compared to
chRCC, PRCC, ccRCC, and clear cell papillary. The multi-
variate Cox model estimated the hazard ratio (HR) for OS
of uRCC relative to low-grade conventional ccRCC as 2.58
(95% CI 1.34-4.95), in contrast, high-grade conventional
ccRCC was only 1.42 (HR 0.87-2.30) [45].

Prospective studies specifically in uRCC are lacking.
These patients have been included in some basket prospec-
tive trials including Keynote-427 cohort B [13e]. In total,
26 patients were treated with pembrolizumab. The ORR
was 30.8% (95% CI, 14.3-51.8%) with a median PFS of
2.8 months (95% CI, 2.8-5.1), and the median OS was
17.6 months (95% CI, 7.5-NR).
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Similarly, prospective trials with TKI therapy are also
lacking. Some basket prospective trials have enrolled these
patients as well as retrospective studies. The basket phase
II trial of sunitinib for nccRCC from MD Anderson Cancer
Center included 8 patients with uRCC [26¢]. The ORR was
13% with a median PFS of 3.2 months (95% CI 1.4-NA).
The multi-institution retrospective study of cabozantinib for
nccRCC published by Harshman et al. included 15 patients
with uRCC. The ORR was 13% (2/15) with an estimated
median time to treatment failure of 6.0 months (95% CI
1.4-9.9 months). The 12-month OS was only 36% [9].

Further investigation into these molecular drivers will
certainly better classify uRCC in the future into different,
distinct diagnosis. It is encouraging that TKI and immune
therapy appear clinically active for many of these patients.

Sarcomatoid Differentiation

Sarcomatoid differentiation is not a true histologic classi-
fication and can be seen with any histology of RCC [46].
It is a positive predictive marker of response to immune
therapy suggesting that regardless of the histologic diagno-
sis, immune therapy should be prioritized early in treatment
for that patient [13e, 47].

Conclusion

Historically, nccRCC was approached in clinical trials as a
single diagnostic entity. Recent research into the pathophysi-
ology of these diseases has led to a more diverse diagnostic
framework. More recent clinical trials are fortunately now
selecting patients based on specific disease histology and
conducting fewer all-inclusive basket trials. This has led
to guideline recommendations for histology-specific treat-
ments and improved clinical outcomes for patients. Cur-
rently, TKI and immune therapy approaches dominate the
treatment landscape for these diseases with ongoing clinical
trials expected to further expand the treatment options for
patients. There are many other types of RCC in the current
WHO classification system than discussed here. With addi-
tional research and clinical trials, it is anticipated that more
advances will be made in the future for patients diagnosed
with these rare cancers.

Funding Huntsman Cancer Institute has received research funding
from Exelixis (Inst), Bavarian-Nordic (Inst), Clovis (Inst), Genentech
(Inst), and Bristol-Myers Squibb (Inst) on the author’s behalf.

Declarations

Conflict of Interest Benjamin L. Maughan is a paid consultant/advisor
to Abbive, Pfizer, AVEO oncology, Janssen, Astellas, Bristol-Myers



Current Oncology Reports (2022) 24:1201-1208

1207

Squibb, Clovis, Tempus, Merck, Exelixis, Bayer Oncology, and Pelo-
ton Therapeutics.

Human and Animal Rights and Informed Consent. This article does
not contain any studies with human or animal subjects performed by
any of the authors.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Papers of particular interest, published recently, have
been highlighted as:

e Of importance

ee Of major importance

1. SEERDatabase. Surveillance, Epidemiology, and End Results
(SEER) program (https://www.seer.cancer.gov) SEER*Stat data-
base: incidence - SEER research data, 9 registries, Nov 2020
Sub (1975-2018) - linked to county attributes - time dependent
(1990-2018) Income/rurality, 1969-2019 Counties, National
Cancer Institute, DCCPS, Surveillance Research Program,
released April 2021, based on the November 2020 submission.
2021

2. Moch H, Cubilla AL, Humphrey PA, Reuter VE, Ulbright TM.
The 2016 WHO classification of tumours of the urinary sys-
tem and male genital organs-part A: renal, penile, and testicular
tumours. Eur Urol. 2016;70(1):93-105.

3. Armstrong AJ, Halabi S, Eisen T, Broderick S, Stadler WM,
Jones RJ, et al. Everolimus versus sunitinib for patients with
metastatic non-clear cell renal cell carcinoma (ASPEN): a mul-
ticentre, open-label, randomised phase 2 trial. Lancet Oncol.
2016;17(3):378-88.

4. Tannir NM, Jonasch E, Albiges L, Altinmakas E, Ng CS, Matin
SF, et al. Everolimus versus sunitinib prospective evaluation in
metastatic non-clear cell renal cell carcinoma (ESPN): a rand-
omized multicenter phase 2 trial. Eur Urol. 2016;69(5):866—74.

5. Tretiakova MS. Renal cell tumors: molecular findings
reshaping clinico-pathological practice. Arch Med Res.
2020;51(8):799-816.

6. Barthelemy P, Rioux-Leclercq N, Thibault C, Saldana C, Bor-
chiellini D, Chevreau C, et al. Non-clear cell renal carcinomas:
review of new molecular insights and recent clinical data. Can-
cer Treat Rev. 2021;97:102191.

7.ee Cancer Genome Atlas Research N, Linehan WM, Spellman
PT, Ricketts CJ, Creighton CJ, Fei SS, et al. Comprehensive
molecular characterization of papillary renal-cell carcinoma.
N Engl J Med. 2016;374(2):135-45. Provides the molecular
classificaiton of this disease which established the treatment
framework.

8. Chevarie-Davis M, Riazalhosseini Y, Arseneault M, Aprikian
A, Kassouf W, Tanguay S, et al. The morphologic and immuno-
histochemical spectrum of papillary renal cell carcinoma: study
including 132 cases with pure type 1 and type 2 morphology
as well as tumors with overlapping features. Am J Surg Pathol.
2014;38(7):887-94.

9. Martinez Chanza N, Xie W, Asim Bilen M, Dzimitrowicz H,
Burkart J, Geynisman DM, et al. Cabozantinib in advanced
non-clear-cell renal cell carcinoma: a multicentre, retrospective,
cohort study. Lancet Oncol. 2019;20(4):581-90.

10.ee Pal SK, Tangen C, Thompson IM Jr, Balzer-Haas N, George
DJ, Heng DYC, et al. A comparison of sunitinib with cabo-
zantinib, crizotinib, and savolitinib for treatment of advanced
papillary renal cell carcinoma: a randomised, open-label,
phase 2 trial. Lancet. 2021;397(10275):695-703. The only
prospective clinical trial demonstrating superiority of one
treatment over another in PRCC. This trial establishes the
current standard of care for patients with PRCC.

11.  Choueiri TK, Heng DYC, Lee JL, Cancel M, Verheijen RB,
Mellemgaard A, et al. Efficacy of savolitinib vs sunitinib in
patients with MET-driven papillary renal cell carcinoma: the
SAVOIR phase 3 randomized clinical trial. JAMA Oncol.
2020;6(8):1247-55.

12.  McDermott DF, Lee JL, Bjarnason GA, Larkin JMG, Gafanov
RA, Kochenderfer MD, et al. Open-label, single-arm phase 11
study of pembrolizumab monotherapy as first-line therapy in
patients with advanced clear cell renal cell carcinoma. J Clin
Oncol. 2021;39(9):1020-8.

13.¢ McDermott DF, Lee JL, Ziobro M, Suarez C, Langiewicz P,
Matveev VB, et al. Open-label, single-arm, phase II study of
pembrolizumab monotherapy as first-line therapy in patients
with advanced non-clear cell renal cell carcinoma. J Clin
Oncol. 2021;39(9):1029-39. This prospective clinical trial
in nccRCC established the clinical activity of checkpoint
inhibitors in many subtypes of nccRCC.

14.  Motzer RJ, Escudier B, George S, Hammers HJ, Srinivas S,
Tykodi SS, et al. Nivolumab versus everolimus in patients with
advanced renal cell carcinoma: updated results with long-term
follow-up of the randomized, open-label, phase 3 CheckMate
025 trial. Cancer. 2020;126(18):4156-67.

15.¢ Vogelzang NJ, Olsen MR, McFarlane JJ, Arrowsmith E,
Bauer TM, Jain RK, et al. Safety and efficacy of nivolumab
in patients with advanced non-clear cell renal cell carci-
noma: results from the phase IIIb/IV CheckMate 374 study.
Clin Genitourin Cancer. 2020;18(6):461-8 e3. This clinical
trial confirms the results of KEYNOTE-427, that check-
point inhibitors have a significant role in the treamtent of
patients with some nccRCC histologies.

16. Powles T, Larkin J, Patel P, Perez-Valderrama B, Rodri-
guez-Vida A, Glen H, et al. A phase II study investigating
the safety and efficacy of savolitinib and durvalumab in
metastatic papillary renal cancer (CALYPSO). J Clin Oncol.
2019;37(7_suppl):545-545.

17 Lee C-H. Nivolumab plus cabozantinib in patients with non-
clear cell renal cell carcinoma: results of a phase 2 trial. J Clin
Oncol. 2021;39(suppl 15):4509.

18.  Carril-Ajuria L, Colomba E, Cerbone L, Romero-Ferreiro C,
Crouzet L, Laguerre B, et al. Response to systemic therapy in
fumarate hydratase-deficient renal cell carcinoma. Eur J Cancer.
2021;151:106-14.

19.ee Srinivasan R, Gurram S, Al Harthy M, Singer E, Sidana A,
Shuch B, et al. Results from a phase II study of bevacizumab and
erlotinib in subjects with advanced hereditary leiomyomatosis
and renal cell cancer (HLRCC) or sporadic papillary renal cell
cancer. J Clin Oncol. 2021;38, (15):5004. This is the first and

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://www.seer.cancer.gov

1208

Current Oncology Reports (2022) 24:1201-1208

20.

21.

22.

23.

24.

25.

26.e

217.

28.

29.

30.

3].e

32.

33.

34,00

only prospective trial in fhbRCC establishing the standard of
care for the treatment of this disease.

Davis CF, Ricketts CJ, Wang M, Yang L, Cherniack AD, Shen
H, et al. The somatic genomic landscape of chromophobe renal
cell carcinoma. Cancer Cell. 2014;26(3):319-30.

Dudani S, de Velasco G, Wells JC, Gan CL, Donskov F, Porta C,
et al. Evaluation of clear cell, papillary, and chromophobe renal
cell carcinoma metastasis sites and association with survival.
JAMA Netw Open. 2021;4(1):2021869.

Jiang HM, Wei JH, Zhang ZL, Fang Y, Zhou BF, Chen ZH, et al.
Does chromophobe renal cell carcinoma have better survival
than clear cell renal cell carcinoma? A clinical-based cohort
study and meta-analysis. Int Urol Nephrol. 2016;48(2):191-9.
Procopio G, Verzoni E, Gevorgyan A, Mancin M, Pusceddu
S, Catena L, et al. Safety and activity of sorafenib in differ-
ent histotypes of advanced renal cell carcinoma. Oncology.
2007;73(3-4):204-9.

Stadler WM, Figlin RA, McDermott DF, Dutcher JP, Knox JJ,
Miller WH Ir, et al. Safety and efficacy results of the advanced
renal cell carcinoma sorafenib expanded access program in
North America. Cancer. 2010;116(5):1272-80.

Lee JL, Ahn JH, Lim HY, Park SH, Lee SH, Kim TM, et al.
Multicenter phase II study of sunitinib in patients with non-clear
cell renal cell carcinoma. Ann Oncol. 2012;23(8):2108-14.
Tannir NM, Plimack E, Ng C, Tamboli P, Bekele NB, Xiao L,
et al. A phase 2 trial of sunitinib in patients with advanced non-
clear cell renal cell carcinoma. Eur Urol. 2012;62(6):1013-9.
Prospective basket trial of sunitinib in nccRCC. Some his-
tologies appear to respond to TKI therapy while others do
not.

Choueiri TK, Fay AP, Gray KP, Callea M, Ho TH, Albiges L,
et al. PD-L1 expression in nonclear-cell renal cell carcinoma.
Ann Oncol. 2014;25(11):2178-84.

Zhang S, Zhang E, Long J, Hu Z, Peng J, Liu L, et al.
Immune infiltration in renal cell carcinoma. Cancer Sci.
2019;110(5):1564-72.

May M, Ficarra V, Shariat SF, Zigeuner R, Chromecki T, Cin-
dolo L, et al. Impact of clinical and histopathological parameters
on disease specific survival in patients with collecting duct renal
cell carcinoma: development of a disease specific risk model. J
Urol. 2013;190(2):458-63.

Karakiewicz PI, Trinh QD, Rioux-Leclercq N, de la Taille A,
Novara G, Tostain J, et al. Collecting duct renal cell carcinoma:
a matched analysis of 41 cases. Eur Urol. 2007;52(4):1140-5.
Sui W, Matulay JT, Robins DJ, James MB, Onyeji IC, Roy-
Choudhury A, et al. Collecting duct carcinoma of the kidney:
disease characteristics and treatment outcomes from the National
Cancer Database. Urol Oncol. 2017;35(9):540e13-¢18. Largest
reported cohort in CDC to date.

Pal SK, Choueiri TK, Wang K, Khaira D, Karam JA, Van Allen
E, et al. Characterization of clinical cases of collecting duct
carcinoma of the kidney assessed by comprehensive genomic
profiling. Eur Urol. 2016;70(3):516-21.

Oudard S, Banu E, Vieillefond A, Fournier L, Priou F, Medioni
J, et al. Prospective multicenter phase II study of gemcitabine
plus platinum salt for metastatic collecting duct carcinoma:
results of a GETUG (Groupe d’Etudes des Tumeurs Uro-Geni-
tales) study. J Urol. 2007;177(5):1698-702.

Procopio G, Sepe P, Buti S, Claps M, Colecchia M, De Cecco
L, et al. A phase 2 prospective trial of cabozantinib as first-line
treatment for metastatic collecting ducts renal cell carcinoma:
the BONSALI trial (Meeturo 2) clinical trial information—
NCT03354884. J Clin Oncol. 2021;39(15_suppl):4571-4571.
Only prospective clinical trial published in CDC to date. This
study suggests clinical activity of cabozantinib in a disease
previously thought to be inherently resistant to TKI.

@ Springer

35.

36.e

37.

38.

39.

40.

41.

42.

43

44,

45

46.

47.

Voss MH, Molina AM, Chen YB, Woo KM, Chaim JL, Cos-
key DT, et al. Phase II trial and correlative genomic analysis of
everolimus plus bevacizumab in advanced non-clear cell renal
cell carcinoma. J Clin Oncol. 2016;34(32):3846-53.

Shah AY, Karam JA, Malouf GG, Rao P, Lim ZD, Jonasch E,
et al. Management and outcomes of patients with renal med-
ullary carcinoma: a multicentre collaborative study. BJU Int.
2017;120(6):782-92. Largest reported cohort of RMC. Estab-
lishes platinum therapy as a preferred treatment for this
disease.

Beaumont M, Dugay F, Kammerer-Jacquet SF, Jaillard S, Cabil-
lic F, Mathieu R, et al. Diagnosis of uncommon renal epithelial
neoplasms: performances of fluorescence in situ hybridization.
Hum Pathol. 2019;92:81-90.

Tretiakova MS, Wang W, Wu Y, Tykodi SS, True L, Liu YJ.
Gene fusion analysis in renal cell carcinoma by FusionPlex
RNA-sequencing and correlations of molecular findings
with clinicopathological features. Gene Chromosom Cancer.
2019;59(1):40-9.

Ellis CL, Eble JN, Subhawong AP, Martignoni G, Zhong M,
Ladanyi M, et al. Clinical heterogeneity of Xpl1 translocation
renal cell carcinoma: impact of fusion subtype, age, and stage.
Mod Pathol. 2014;27(6):875-86.

Sukov WR, Hodge JC, Lohse CM, Leibovich BC, Thompson
RH, Pearce KE, et al. TFE3 rearrangements in adult renal cell
carcinoma: clinical and pathologic features with outcome in a
large series of consecutively treated patients. Am J Surg Pathol.
2012;36(5):663-70.

Kato I, Furuya M, Baba M, Kameda Y, Yasuda M, Nishimoto K,
et al. RBM10-TFE3 renal cell carcinoma characterised by para-
centric inversion with consistent closely split signals in break-
apart fluorescence in-situ hybridisation: study of 10 cases and a
literature review. Histopathology. 2019;75(2):254-65.

McKay RR, Bosse D, Xie W, Wankowicz SAM, Flaifel A,
Brandao R, et al. The clinical activity of PD-1/PD-L1 inhibi-
tors in metastatic non-clear cell renal cell carcinoma. Cancer
Immunol Res. 2018;6(7):758-65.

Choueiri TK, Lim ZD, Hirsch MS, Tamboli P, Jonasch E,
McDermott DF, et al. Vascular endothelial growth factor-tar-
geted therapy for the treatment of adult metastatic Xp112 trans-
location renal cell carcinoma. Cancer. 2010;116(22):5219-25.
Chen YB, Xu J, Skanderup AJ, Dong Y, Brannon AR, Wang
L, et al. Molecular analysis of aggressive renal cell carcinoma
with unclassified histology reveals distinct subsets. Nat Com-
mun. 2016;7:13131.

Nguyen DP, Vertosick EA, Corradi RB, Vilaseca A, Benfante
NE, Touijer KA, et al. Histological subtype of renal cell carci-
noma significantly affects survival in the era of partial nephrec-
tomy. Urol Oncol. 2016;34(6):259 e1-8.

Sirohi D, Smith SC, Agarwal N, Maughan BL. Unclassified renal
cell carcinoma: diagnostic difficulties and treatment modalities.
Res Rep Urol. 2018;10:205-17.

Tacovelli R, Ciccarese C, Bria E, Bracarda S, Porta C, Proco-
pio G, et al. Patients with sarcomatoid renal cell carcinoma -
re-defining the first-line of treatment: a meta-analysis of ran-
domised clinical trials with immune checkpoint inhibitors. Eur
J Cancer. 2020;136:195-203.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Start of a New Era: Management of Non-Clear Cell Renal Cell Carcinoma in 2022
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Papillary Renal Cell Carcinoma
	Fumarate Hydratase–Deficient Renal Cell Carcinoma
	Chromophobe Renal Cell Carcinoma
	Collecting Duct Carcinoma
	Renal Medullary Carcinoma
	Translocation Carcinoma
	Unclassified
	Sarcomatoid Differentiation

	Conclusion
	References


