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Abstract

Background: MiT family translocation renal cell carcinoma (TRCC) is a rare and aggressive subgroup of renal cell carcinoma harboring high
expression of c-MET. While TRCC response rates to VEGF receptor tyrosine kinase inhibitors (TKls) and immune checkpoint inhibitors are limited,
efficacy of cabozantinib (a VEGFR, MET, and AXL inhibitor) in this subgroup is unclear.

Methods: \We performed a multicenter, retrospective, international cohort study of patients with TRCC treated with cabozantinib. The main
objectives were to estimate response rate according to RECIST 1.1 and to analyze progression-free survival (PFS) and overall survival (OS).

Results: Fifty-two patients with metastatic TRCC treated in the participating centers and evaluable for response were included. Median
age at metastatic diagnosis was 40 years (IQR 28.5-53). Patients’ IMDC risk groups at diagnosis were favorable (9/52), intermediate (35/52),
and poor (8/52). Eleven (21.2%) patients received cabozantinib as frontline therapy, 15 (28.8%) at second line, and 26 (50%) at third line and
beyond. The proportion of patients who achieved an objective response was 17.3%, including 2 complete responses and 7 partial responses.
For 26 (50%) patients, stable disease was the best response. With a median follow-up of 25.1 months (IQR 12.6-39), median PFS was 6.8
months (95%ClI 4.6-16.3) and median OS was 18.3 months (95%Cl 17.0-30.6). No difference of response was identified according to fusion
transcript features.

Conclusion: This real-world study provides evidence of the activity of cabozantinib in TRCC, with more durable responses than those observed
historically with other VEGFR-TKIs or ICls.

Key words: MiT family translocation renal cell carcinoma; cabozantinib; non-clear cell renal cell carcinoma.

Implications for Practice

MIT family translocation renal cell carcinoma (TRCC) is an aggressive renal cell carcinoma subtype, harboring high expression of c-MET. Validated
treatment options in the metastatic setting are lacking. The activity of cabozantinib, a MET targeted agent in the treatment of metastatic TRCC
patients is unknown. In this multicentric international retrospective study including 52 adults metastatic TRCC patients, 17.3% patients achieved
an objective response and 26 (50%) patients had stable disease as best response. Median progression-free survival was of 6.8 months.
Cabozantinib demonstrates clinical activity in the treatment of advanced TRCC and could be preferentially used in this setting.
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Introduction

Microphtalmia transcription factor (MiT) family trans-
location renal cell carcinoma (TRCC) is a rare subtype
of renal cell carcinoma (RCC) harboring chromosomal
translocations in transcription factor E3 (TFE3) and
transcription factor EB (TFEB) genes."> TRCC comprises
1%-5% of RCCs and is usually seen in children, adoles-
cents, and young adults.>* Considering its rarity, there are
no approved therapies in the metastatic setting, and most
of the data about antitumor efficacy arise from retrospec-
tive studies.’ Vascular endothelial growth factor receptor
(VEGFR)-targeted therapies have been used, and first-line
progression-free survival (PFS) from retrospective cohorts
varied between 3 and 8.2 months, although the number of
cases included in these studies was limited, ranging from
11 to 24 patients.®® In the largest cohort to date assess-
ing the efficacy of VEGFR inhibitor as first-line treatment
(n = 24), only 2 patients (10.5%) showed partial response
and 15 patients (62.5%) exhibited disease progression as
the best overall response.® Likewise, response to immune
checkpoint inhibitors (ICIs) was limited, with a median PFS
of 2.5 months.®

The current standard-of-care therapies for metastatic clear
cell RCC (ccRCC) are combinations of ICIs® and/or VEGFR
tyrosine kinase inhibitors (TKIs).!*!? In non-clear cell RCC,
response of patients to ICI seems to be limited, and the
results of several trials comparing VEGR inhibitors with/
without ICIs are awaited.''* Recently, Pal et al reported
that cabozantinib treatment significantly improved PFS com-
pared with sunitinib in patients with metastatic papillary
RCCs, suggesting the benefit of MET-based inhibition in this
setting.’

Similar to papillary RCC,' TRCC harbors high expression
of ¢-MET by immunohistochemistry (IHC)."” Furthermore,
TFE3 fusion proteins have been shown to bind to the MET
promoter, inducing MET autophosphorylation and activa-
tion of downstream signaling in the presence of hepatocyte
growth factor (HGF).!® In malignant TRCC cell lines, MET
knockdown induces a decrease in proliferation and viabil-
ity.!® Therefore, targeting MET might represent an interesting
option in the clinical setting. However, there is a knowledge
gap as to whether MET inhibition will benefit patients with
TRCC.

Cabozantinib is a TKI targeting VEGFR, MET, RET,
KIT, and AXL" currently approved for the treatment of
metastatic RCC based on the results of two prospective
studies, which only included patients with clear cell his-
tology.??! Retrospective studies have reported the efficacy
of cabozantinib in cohorts of non-clear cell RCC patients,
with objective response rates (ORR) of approximately 30%
and median times to treatment failure (TTF) of 6.7 months
(95%CI 5.5-8.6).222* However, these studies included dif-
ferent histologies, precluding specific assessment of the
benefit of cabozantinib in TRCC. We thus conducted an
international, multicenter study to investigate the efficacy
of cabozantinib in patients with TRCC. Treatment efficacy
was also analyzed according to fusion partners in a subset
of patients.

Patients and Methods

Patients

We performed a multicenter, international, retrospective
study in 11 centers (5 in France, 1 in Belgium, and 5 in the
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US) between December 2011 and December 2020 to ana-
lyze the outcomes of metastatic TRCC patients treated with
cabozantinib at any line of treatment. De-identified data from
patients were collected and shared with the coordinating
institution (Institut de Cancérologie Strasbourg, Strasbourg,
France). Eligible patients were adults and had histologically
confirmed TRCC by a dedicated genitourinary pathologist at
each participating institution. Chromosomal translocations
involving TFE3 and TFEB were confirmed by florescent in
situ hybridization (FISH) when possible; cases with sugges-
tive morphology and nuclear TFE3 overexpression by THC
were also included. Patients had to be treated with cabozan-
tinib for metastatic disease at any treatment line. Each of the
participating centers obtained regulatory approval through
their institutional guidelines. The study was performed in
accordance with the ethical principles of the Declaration of
Helsinki.

Methods

Data were obtained from retrospective chart review by
investigators at each institution between December 2011
and December 2020. Demographic, surgical, pathological,
and systemic therapy data were recorded with uniform
database templates to ensure consistent data collection.
Starting dose of cabozantinib, dose modifications, reason
for discontinuation, and adverse events were collected.
Radiographic response was assessed locally at the partici-
pating center according to RECIST (Response Evaluation
Criteria in Solid Tumors) version 1.1 by a collaborating
radiologist. Clinical and radiographic assessments were
done according to the participating center’s standard
of care. The presence of grade > 3 toxicities related to
cabozantinib was retrospectively collected according to
the National Institutes of Health Common Terminology
Criteria of Adverse Events (CTCAE) version 5.0 by investi-
gators at each of the participating centers. Data on tumoral
molecular alterations obtained by next-generation sequenc-
ing and fusion-transcripts obtained by MSK-IMPACT were
collected when available.

Outcomes

The principal objective was to evaluate efficacy of cabozan-
tinib in metastatic TRCC patients in terms of ORR, PFS,
and overall survival (OS). ORR was defined as the pro-
portion of patients who experienced a complete (CR) or
partial response (PR) as best radiologic response. Clinical
benefit included CR or PR and stable disease lasting more
than 6 months. OS was calculated from treatment initia-
tion until death or last follow-up. PFS was calculated from
treatment initiation to treatment discontinuation for pro-
gressive disease or death.

Statistical Analysis

Study endpoints were ORR according to RECIST 1.1 crite-
ria, PFS, and OS. Statistical analyses and graphical plotting
were carried out using R version 4.0.3 (2020-10-10) and R
packages tidyverse, survival, and survminer. Survival analysis
was carried out with Kaplan-Meier curves and log-rank tests.
Risk estimates (hazard ratio [HR] with 95%CI) were calcu-
lated using a Cox proportional hazards regression model. For
discrete variables, we performed 2-sided Fisher’s exact tests.
For continuous variables, we performed Wilcoxon-Mann-
Whitney tests.?
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Results

Patient Characteristics

Fifty-five TRCC patients treated with cabozantinib at any
time were identified. Three patients were excluded because
they were not evaluable for response, and 52 patients were
included in the study. Demographic and clinical characteris-
tics of these patients are summarized in Table 1. Most of them
were female (60% [31/52]) and had performance status 0-1
(69.3% [36/52]). Median age at diagnosis of metastasis was
40 years (IQR 28.5-53).

Overall, 6 patients (12.5%) had TFEB translocations and
46 (88.5%) had TFE3 translocations. For all patients, sugges-
tive MiT family RCC morphology and nuclear TFE3 or TFEB
immunohistochemistry were observed. The results of TRCC
diagnosis by FISH were available and positive for 40 patients
(77%), including TFE3 and TFEB. Among the TRCC cases with
TFE3 fusions, fusion transcript identity was available for 10
patients. Four had ASPSCR1, 2 had PRCC, and one had FUBP1
fusion partners. For the 3 remaining patients, no fusion partners
were detected, probably due to technical issues.

According to the International Metastatic Renal Cell
Carcinoma Database Consortium (IMDC),? 9 (17.3%), 35
(67.3%), and 8 (15.4%) patients had favorable-, intermedi-
ate-, and poor-risk disease, respectively. Median number of
metastatic sites was 2 (range: 1-6). The most frequent meta-
static sites were lymph nodes (63.5% [33/52]), lung (53.8%
[28/52]), bone (42.3% [22/52]), and liver (34.6% [18/52]).
Forty-one patients received cabozantinib as second (28.8%
[15/52]) or subsequent line (50% [26/52]). Among them, 33
(80%) received prior VEGF TKI monotherapy, and 20 (49%)
received prior ICI monotherapy.

Clinical Outcomes

Median follow-up was 25.1 months (IQR 12.6-39). ORR was
17.3% (9/52 patients) including 2 CRs and 7 PRs (Table 2).
Stable disease was the best response for 26 patients (50%), last-
ing more than 6 months for 15 patients (29%). Overall clin-
ical benefit rate was 46% (24/52 patients). Seventeen patients
(32.7%) experienced progression as best response. The 2
patients who experienced CR had TFE3 translocation confirmed
by FISH. Both were classified as intermediate prognosis accord-
ing to IMDC and relapsed more than 1 year after nephrectomy
for localized disease. The first was treated in second line with
cabozantinib, after experiencing stable disease lasting for 8
months under sunitinib; he finally progressed after 36 months
under therapy. The second patient was treated in third line with
cabozantinib after a partial response lasting one year under suni-
tinib as a first line, followed by a stable disease under nivolumab.
After 37.7 months, the latter patient remained under therapy.
At the time of analysis, 8 patients remained on therapy and 44
had discontinued cabozantinib, mainly for progression ([34/44]
77%) and toxicity ([9/44] 20.5%). Median PFS was 6.8 months
(95%Cl 4.6-16.3) (Fig. 1). Median OS was 18.3 months (95%CI
17.0-30.6) (Fig. 2), and 20 patients were still alive. According
to IMDC classification, patients stratified as favorable risk (7 =
9) had a median PFS of 6.2 months (95%CI 5.8-not reached)
similar to that of intermediate- or poor-risk patients (7 = 43),
which was 6.8 months (95%CI 4.6-16.8). The initial dose of
cabozantinib was 60 mg for the majority of patients ([36/52]
69%). Twenty patients (38.5%) needed a dose reduction, and 14
patients (27%) experienced grade 3 adverse events, most com-
monly palmar-plantar erythrodysthesia (6/14), fatigue (3/14),
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and diarrhea (3/14). One patient presented with heart failure and
another presented with hepatitis related to cabozantinib. Nine
(17%) of them had to stop treatment because of toxicities. There
were no treatment-related deaths.

Subgroups Analysis Regarding Efficacy of
Cabozantinib

Exploratory subgroup analysis showed that patients with pre-
vious nephrectomy displayed a median PFS under cabozan-
tinib of 6.5 months, which was longer than those without

Table 1. Patient characteristics.

Characteristic n=352
Median age (range), years 40 (19-78)
Sex

Female 31 (60%)

Male 21 (40%)
ECOG performance status

0-1 36 (69.3%)

>2 4(7.6%)

NA 12 (23.1%)
IMDC prognostic group

Favorable 9 (17.3%)

Intermediate 35(67.3%)

Poor 8 (15.4%)
Previous nephrectomy 37 (71%)
Stage at diagnosis

[T 27 (52%)

1\Y% 25 (48%)
Cabozantinib line

1 11 (21.2%)

2 15 (28.8%)

>2 26 (50%)
FISH

Positive 40 (77%)

Not available 2(23%)
Translocation

TFE3 46 (88.5%)

TFEB 6 (11.5%)
Metastatic sites

Retroperitoneal lymph nodes 7 (52%)

Mediastinal lymph nodes 7 (32.7%)

Lung 8 (53.8%)

Bone 22 (42.3%)

Liver 18 (34.6%)

Brain 4(7.7%)
Nature of prior systemic therapies, (1 = 41)

VEGF TKI monotherapy 33 (80%)

Immune checkpoint inhibitor monotherapy 20 (49%)

Combination ICI and VEGF TKI 6 (14.6%)

Combination ICI 7 (17%)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; IMDC,
International Metastatic Renal Cell Carcinoma Database Consortium;
FISH, florescent in situ hybridization; TKI, tyrosine kinase inhibitors; ICI,
immune checkpoint inhibit; VEGE, vascular endothelial growth factor.
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(4.7 months), HR 0.62 (95%CI 0.27-1.4) (P = .26) (Table
3). IMDC risk groups, line of treatment, and bone metastasis
were not found to be associated with PFS. The 4 patients who
had brain metastasis experienced a worse outcome than those
without, with a median PFS of 3.8 (95%CI 2.1-not reached)
versus 9.1 (95%CI 5.6-16.8), HR 3.1 (95%CI 1.1-9.3) (P =
.029), respectively.

Molecular Correlates of Response to
Cabozantinib

TFE3 fusion partner assessment was available for 10 patients
using MSK-IMPACT. ASPSCR1 was the most frequent part-
ner identified (4/10), while FUBP1 and PRCC were identified

Table 2. Objective response to cabozantinib in the whole population (n
=52)

Outcomes Objective response rate, 72 (%)
Best overall response 9(17.3%)
Complete response 2 (3.8%)
Partial response 7 (13.5%)
Stable disease 26 (50%)
>6 months 15 (29%)
<6 months 11 (21%)
Progressive disease 17 (32.7%)
Clinical benefit 24 (46%)

Progression—Free Survival
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in 1 and 2 patients, respectively. For the 3 remaining patients,
TFE3 fusion partner was not identified by MSK-IMPACT
probably due to technical error. Regarding the fact that
ASPSCR1 tumors were recently shown to harbor angiogen-
esis signature,?” we performed exploratory analysis to assess
whether there are difference of response rate, PES or OS in
the 3 fusion transcript groups: TFEB (n = 6), other-TFE3 (n
=4),and ASPSCR1-TFE3 translocation RCC (n = 6). Median
PFS was 6.8, 3.6, and 3 months in TFEB, other-TFE3 trans-
location and ASPSCR1-TFE3 translocation. Notably, no sta-
tistically significant difference was observed according to the
fusion transcript.

Discussion

Thanks to an international collaborative effort, this is, to the
authors' knowledge, the largest retrospective study showing
the activity of cabozantinib, an oral TKI targeting VEGFR,
MET, and AXL, in TRCC. Cabozantinib showed encourag-
ing antitumor efficacy regardless the line of treatment, with
a median PFS of 6.8 months (95%CI 4.6-16.3) and 46% of
patients experiencing clinical benefit. The efficacy observed
was higher than historically reported results of VEGFR-TKI®
in a highly pretreated population, which varied between 3 and
8.2 months. Moreover, in our cohort, only 32.7% of patients
presented progression as best response, when compared with
the 62.5% with first-line VEGFR-TKI.® No unexpected tox-
icities or treatment-related deaths were reported. This might
be related to high expression of ¢-MET in these tumors.!”
Furthermore, TFE3 fusion protein has been shown to bind
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Figure 1. Progression-free survival in 52 advanced MiT family translocation RCCs treated with cabozantinib at any line.
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Figure 2. Overall survival in 52 advanced MiT family translocation RCCs treated with cabozantinib at any line.
Table 3. Exploratory subgroups analysis of cabozantinib efficacy.
Median progression-free survival, months (95%CI) Hazard ratio, (95 %CI) P-value
IMDC (favorable vs intermediate/poor) 6.2 (5.8-not reached) vs 6.8 (4.6-16.8) 0.89 (0.33-2.4) .82
Line of cabozantinib (1 vs >2) 11.7 (4.7-not reached) vs 6.5 (3.6-16.3) 0.59 (0.23-1.5) .28
Prior nephrectomy (yes vs no) 6.5 (3.6-26.1) vs 4.7 (4.0-not reached) 0.62 (0.27-1.4) .26
Bone metastasis (yes vs no) 6.8 (4-not reached) vs 6.5 (4.6-16.8) 0.78 (0.38-1.6) 5
Brain metastasis (yes vs no) 3.8 (2.1-not reached) vs 9.1 (5.6-16.8) 3.1 (1.1-9.3) .03

to the MET promoter, inducing its auto-phosphorylation and
activation of downstream signaling in the presence of hepato-
cyte growth factor (HGF).!® Thus, it is tempting to speculate
that the activity of cabozantinib in this subgroup is driven
by ¢-MET. Analysis of differentially expressed genes between
TRCC and normal kidneys in Sun et al study confirmed over-
expression of MET, in contrast to AXL and VEGFR.?” The
activity of a selective MET inhibitor tivantinib has been tested
in MiT associated tumors including only 6 TRCC patients.
Among them 3 experienced stable disease as best response.?®
Notably, our cohort included heavily pretreated patients,
with 50% of patients receiving cabozantinib as a third line or
more. In addition, the majority of our patients had interme-
diate- or poor-risk disease according to IMDC at diagnosis.
Cabozantinib has been approved in the treatment of
advanced RCC according to the results of two randomized tri-
als.2%?! METEOR,*! a phase III trial comparing cabozantinib
with everolimus in pretreated patients, and CABOSUN,* a

phase II trial comparing cabozantinib with sunitinib in first
line, both showed PFS and ORR improvements, but these
studies only included clear cell histology. Recently, Martinez-
Chanza et al?* reported activity of cabozantinib in 112
advanced non-clear cell RCC patients. A subgroup of 17 pre-
treated TRCC patients were included with an ORR of 29%
and a median time to treatment failure of 8.3 months (95%CI
4.6-NA) in this subgroup. These data are consistent with
ours and consolidate our findings, although the study did
not report the criteria used for defining TRCC (ie, FISH) and
no TFEB cases were included. Furthermore, according to the
results of the PAPMET trial,’’ cabozantinib is now approved
in the first-line treatment of metastatic papillary RCC, a sub-
type of RCC driving by the MET signaling pathway.?’

We also explored the efficacy of cabozantinib in TRCC
with brain and bone metastasis. Indeed, the presence of
brain metastasis is associated with significant morbidity
and mortality in ccRCC.3%3! Cabozantinib was shown to
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be active in RCC brain metastasis with an observed intra-
cranial response rate of 60%.32 However, in our cohort, the
presence of brain metastasis was associated with a worse
outcome, although only 4 patients were included for this
analysis. The presence of bone metastasis is also associated
with poor prognosis in RCC.* Recent data have shown
notable cabozantinib activity in this subgroup of patients.3
This might be explained by the key role of c-MET in mod-
ulating the activity of osteoblasts and osteoclasts. In our
cohort, among the 22 patients presenting bone metastasis,
the median PFS was 6.8 months (95%CI 4-NA), similar to
those without.

TRCC is characterized by gene translocation involving
TFE3 and TFEB genes, with several partners evident in the
data.'” Most frequently, TFE3 fusion transcripts include
ASPSCR1, PRCC, SPPQ, and NONO. However, whether
there are distinct transcriptomic features associated with
these partners remains unknown. Historically, ASPSCR1 has
been shown to be associated with the poorest outcome.?
Herein, among patients for whom transcriptomic data were
available, almost the half of the patients harbored ASPCR1
translocations, but no association with cabozantinib has
been found.

Limitations of this study include potential selection bias
due to the retrospective nature of the analysis. However,
TRCC is rare, and the cohort included is representative of the
daily clinical practice population. This study also lacked cen-
tral pathological and radiographical review, which may have
affected eligibility and tumor response assessment. However,
patients were included in expert genitourinary oncology cen-
ters, which palliated these weaknesses.

Conclusion

This multicenter, retrospective study, in the absence of avail-
able prospective data, provides evidence supporting the activ-
ity of cabozantinib in the control of advanced MiT family
RCC. Given the rarity of this histological subtype of RCC,
international collaboration and prospective studies are neces-
sary to identify efficacious therapies for this rare disease that
lacks prospectively validated treatment options.

Acknowledgments

This study was presented in part at the ASCO GU congress,
February 11-13, 2021.

Funding

This research did not receive any specific grant from fund-
ing agencies in the public, commercial, or not-for-profit sec-
tors.

Conflict of Interest

Jad Chahoud: Pfizer, Exelixis (C/A); Srinivas R. Viswanathan:
MPM Capital, Vida Ventures (C/A), Kojin Therapeutics
(E, OI [spouse]); Ziad Bakouny: Genentech/imCORE,
Bristol-Myers Squibb (RF), UpToDate (H); Mehmet Asim
Bilen: Exelixis, Bayer, BMS, Eisai, Pfizer, AstraZeneca,
Janssen, Calithera Biosciences, Genomic Health, Nektar,
EMD Serono, SeaGen, Sanofi (C/A), Xencor, Bayer,
Bristol-Myers Squibb, Genentech/Roche, SeaGen, Incyte,

The Oncologist, 2022, Vol. 27, No. 12

Nektar, AstraZeneca, Tricon Pharmaceuticals, Genome
& Company, AAA, Peloton Therapeutics, Pfizer (RF for
work performed as outside of the current study); Toni K.
Choueiri: AstraZeneca, Aravive, Aveo, Bayer, Bristol Myers-
Squibb, Eisai, EMD Serono, Exelixis, GlaxoSmithKline,
IQVA, Ipsen, Kanaph, Lilly, Merck, Nikang, Novartis,
Pfizer, Roche, Sanofi/Aventis, Takeda, Tempest, Up-To-Date
(C/A), various CME events (Peerview, OncLive, and others),
he is also supported in part by the Dana-Farber/Harvard
Cancer Center Kidney SPORE (2P50CA101942-16) and
Programm S5P30CA006516-56, the Kohlberg Chair at
Harvard Medical School and the Trust Family, Michael
Brigham, and Loker Pinard Funds for Kidney Cancer
Research at DFCI); Gabriel G. Malouf: BMS, Pfizer (C/A),
Ipsen, BMS (travel expenses). The other authors indicated
no financial relationships.

(C/A) Consulting/advisory relationship; (RF) Research funding; (E)
Employment; (ET) Expert testimony; (H) Honoraria received; (OI)
Ownership interests; (IP) Intellectual property rights/inventor/patent
holder; (SAB) Scientific advisory board.

Author Contributions

Conception/design: J.T., O.A., N.M.T., G.G.M. Provision
of study material or patients: J.T., O.A., M.C., L.C., L.H.,
N.M-C., S.N,, L.C., D.M., D.B,, J.C., P.B., E.H., A.W.H.,
T.G., S.R.V,, Z.B., PM., M.A.B., TK.C., L.A., NNM.T.,
G.G.M. Collection and/or assembly of data: J.T. Data anal-
ysis and interpretation: J.T., O.A., N.M.T., G.G.M., M.L.
Manuscript writing: J.T., O.A. Final approval of manu-
script: All authors.

Data Availability

The data underlying this article cannot be shared publicly due
to patient confidentiality. Gabriel G. Malouf and Jonathan
Thouvenin have full access to all the data in the study and
take responsibility for the integrity of the data and the accu-
racy of the data analysis.

References

1. Kauffman EC, Ricketts CJ, Rais-Bahrami S, et al. Molecular genetics
and cellular features of TFE3 and TFEB fusion kidney cancers. Nat Rev
Urol. 2014;11:465-475. https://doi.org/10.1038/nrurol.2014.162.

2. Delahunt B, Srigley JR, Egevad L, et al. International Society of
Urological Pathology grading and other prognostic factors for renal
neoplasia. Eur Urol. 2014;66:795-798. https://doi.org/10.1016/j.
eururo.2014.05.027.

3. Classe M, Malouf GG, Su X, et al. Incidence, clinicopathological
features and fusion transcript landscape of translocation renal
cell carcinomas. Histopathology. 2017;70:1089-1097. https://doi.
org/10.1111/his.13167.

4. Komai Y, Fujiwara M, Fujii Y, et al. Adult Xp11 translocation
renal cell carcinoma diagnosed by cytogenetics and immunohis-
tochemistry. Clin Cancer Res. 2009;15:1170-1176. https://doi.
org/10.1158/1078-0432.CCR-08-1183.

5. Giles RH, Choueiri TK, Heng DY, et al. Recommendations for the
management of rare kidney cancers. Eur Urol. 2017;72:974-983.
https://doi.org/10.1016/j.eururo.2017.06.040.

6. Boileve A, Carlo MI, Barthélémy P, et al. Immune checkpoint in-
hibitors in MITF family translocation renal cell carcinomas and ge-
netic correlates of exceptional responders. | ImmunoTher Cancer.
2018;6:159. https://doi.org/10.1186/s40425-018-0482-z.


https://doi.org/10.1038/nrurol.2014.162
https://doi.org/10.1016/j.eururo.2014.05.027
https://doi.org/10.1016/j.eururo.2014.05.027
https://doi.org/10.1111/his.13167
https://doi.org/10.1111/his.13167
https://doi.org/10.1158/1078-0432.CCR-08-1183
https://doi.org/10.1158/1078-0432.CCR-08-1183
https://doi.org/10.1016/j.eururo.2017.06.040
https://doi.org/10.1186/s40425-018-0482-z

The Oncologist, 2022, Vol. 27, No. 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Malouf GG, Camparo P, Oudard S, et al. Targeted agents in met-
astatic Xp11 translocation/TFE3 gene fusion renal cell carcinoma
(RCC): a report from the juvenile RCC network. Ann Oncol.
2010;21:1834-1838. https://doi.org/10.1093/annonc/mdq029.
Choueiri TK, Lim ZD, Hirsch MS, et al. Vascular endothe-
lial growth factor-targeted therapy for the treatment of adult
metastatic Xp11.2 translocation renal cell carcinoma. Cancer.
2010;116:5219-5225. https://doi.org/10.1002/cncr.25512.

Motzer R], Tannir NM, McDermott DF, et al. Nivolumab plus ipilim-
umab versus sunitinib in advanced renal-cell carcinoma. N Engl | Med.
2018;378:1277-1290. https://doi.org/10.1056/NEJMoa1712126.
Rini BI, Plimack ER, Stus V, et al. Pembrolizumab plus axitinib
versus sunitinib for advanced renal-cell carcinoma. N Engl | Med.
2019;380:1116-1127. https://doi.org/10.1056/NEJMoa1816714.
Motzer R, Alekseev B, Rha S-Y, et al. Lenvatinib plus pembrolizumab
or everolimus for advanced renal cell carcinoma. N Engl | Med.
2021;384:1289-1300. https://doi.org/10.1056/NEJMo0a2035716.
Choueiri TK, Powles T, Burotto M, et al. Nivolumab plus cabozan-
tinib versus sunitinib for advanced renal-cell carcinoma. N Engl |
Med. 2021;384:829-841. https://doi.org/10.1056/NEJM0a2026982.
McDermott DE, Lee J-L, Ziobro M, 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;39:1029-1039. https://doi.org/10.1200/JC0O.20.02365.
Lee C-H, Voss MH, Carlo MI, et al. Nivolumab plus cabozantinib
in patients with non-clear cell renal cell carcinoma: results of a
phase 2 trial. ] Clin Oncol. 2021;39:4509-4509.

Pal SK, Tangen C, Thompson IM, et al. A comparison of sunitinib
with cabozantinib, crizotinib, and savolitinib for treatment of
advanced papillary renal cell carcinoma: a randomised, open-label,
phase 2 trial. Lancet 2021;397:695-703. https://doi.org/10.1016/
S0140-6736(21)00152-5.

Albiges L, Guegan J, Le Formal A, et al. MET is a potential tar-
get across all papillary renal cell carcinomas: result from a large
molecular study of pRCC with CGH array and matching gene
expression array. Clin Cancer Res. 2014;20:3411-3421. https://doi.
org/10.1158/1078-0432.CCR-13-2173.

Calio A, Brunelli M, Segala D, et al. Comprehensive analysis of 34
MiT family translocation renal cell carcinomas and review of the lit-
erature: investigating prognostic markers and therapy targets. Pathol-
o0gy. 2020;52:297-309. https://doi.org/10.1016/j.pathol.2019.11.006.
Tsuda M, Davis IJ, Argani P, et al. TFE3 fusions activate MET sig-
naling by transcriptional up-regulation, defining another class of
tumors as candidates for therapeutic MET inhibition. Cancer Res.
2007;67:919-929. https://doi.org/10.1158/0008-5472.CAN-06-2855.
Yakes FM, Chen J, Tan ], et al. Cabozantinib (XL184), a novel
MET and VEGFR2 inhibitor, simultaneously suppresses metastasis,
angiogenesis, and tumor growth. Mol Cancer Ther. 2011;10:2298-
2308. https://doi.org/10.1158/1535-7163.MCT-11-0264.

Choueiri TK, Hessel C, Halabi S, et al. Cabozantinib versus suni-
tinib as initial therapy for metastatic renal cell carcinoma of inter-
mediate or poor risk (Alliance A031203 CABOSUN randomised
trial): progression-free survival by independent review and over-
all survival update. Eur | Cancer. 2018;94:115-125. https://doi.
org/10.1016/j.ejca.2018.02.012.

Choueiri TK, Escudier B, Powles T, et al. Cabozantinib versus everoli-
mus in advanced renal cell carcinoma (METEOR): final results from

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

1047

a randomised, open-label, phase 3 trial. Lancet Oncol.2016;17:917-
927. https://doi.org/10.1016/51470-2045(16)30107-3.

Martinez Chanza N, Xie W, Asim Bilen M, et al. Cabozantinib in
advanced non-clear-cell renal cell carcinoma: a multicentre, retro-
spective, cohort study. Lancet Oncol. 2019;20:581-590. https://doi.
org/10.1016/51470-2045(18)30907-0.

Fléchon A, Chevreau CM, Topart D, et al. 732P Cabozantinib in non-
clear cell metastatic renal cell carcinoma and sarcomatoid renal cell
carcinoma: real-world data from the CABOREAL study. Ann Oncol.
2020;31:5572-5573. https://doi.org/10.1016/j.annonc.2020.08.804.
Albiges L, Fléchon A, Chevreau C, et al. Real-world evidence of
cabozantinib in patients with metastatic renal cell carcinoma: re-
sults from the CABOREAL early access program. Eur | Cancer.
2021;142:102-111. https://doi.org/10.1016/j.€jca.2020.09.030.

r core team (2020). 7: a language and environment for statistical
computing. r foundation for statistical computing, Vienna, Austria.
https://www.r-project.org/.

Heng DYC, Xie W, Regan MM, et al. Prognostic factors for over-
all survival in patients with metastatic renal cell carcinoma treat-
ed with vascular endothelial growth factor-targeted agents: results
from a large, multicenter study. | Clin Oncol. 2009;27:5794-5799.
https://doi.org/10.1200/JC0O.2008.21.4809.

Sun G, Chen J, Liang J, et al. Integrated exome and RNA sequenc-
ing of TFE3-translocation renal cell carcinoma. Nat Commun.
2021;12:5262. https://doi.org/10.1038/s41467-021-25618-z.
Wagner AJ, Goldberg JM, Dubois SG, et al. Tivantinib (ARQ 197), a
selective inhibitor of MET, in patients with microphthalmia transcrip-
tion factor-associated tumors: results of a multicenter phase 2 trial.
Cancer 2012;118:5894-5902. https://doi.org/10.1002/cncr.27582.
Powles T, Albiges L, Bex A, et al. ESMO Clinical Practice Guideline
update on the use of immunotherapy in early stage and advanced
renal cell carcinoma. Ann Oncol. 2021;32:1511-1519. https://doi.
org/10.1016/j.annonc.2021.09.014.

Sperduto PW, Deegan BJ, Li ], et al. Estimating survival for renal cell
carcinoma patients with brain metastases: an update of the Renal
Graded Prognostic Assessment tool. Neuro Oncol 2018;20:1652-
1660. https://doi.org/10.1093/neuonc/noy099.

Guida A, Albiges L, Derosa L, et al. Prognosis of brain metastasis
(BM) in metastatic renal cell carcinoma (mRCC): experience from
Gustave Roussy (IGR). | Clin Oncol. 2016;34:4561-4561.

Hirsch L, Martinez Chanza N, Farah S, et al. Activity and safety
of cabozantinib (cabo) in brain metastases (BM) from metastatic
renal cell carcinoma (mRCC): An international multicenter study. |
Clin Oncol. 2021;39:310-310.

McKay RR, Lin X, Perkins JJ, et al. Prognostic significance of bone
metastases and bisphosphonate therapy in patients with renal cell
carcinoma. Eur Urol. 2014;66:502-509. https://doi.org/10.1016/j.
eururo.2014.02.040.

Escudier B, Powles T, Motzer R], et al. Cabozantinib, a new standard
of care for patients with advanced renal cell carcinoma and bone
metastases? Subgroup analysis of the METEOR trial. ] Clin Oncol.
2018;36:765-772. https://doi.org/10.1200/JC0O.2017.74.7352.
Ellis CL, Eble JN, Subhawong AP, Martignoni G, Zhong M,
Ladanyi M, Epstein JI, Netto GJ, Argani P. Clinical heterogene-
ity of Xp11 translocation renal cell carcinoma: impact of fusion
subtype, age, and stage. Mod Pathol. 2014;27:875-886. https://doi.
org/10.1038/modpathol.2013.208.


https://doi.org/10.1093/annonc/mdq029
https://doi.org/10.1002/cncr.25512
https://doi.org/10.1056/NEJMoa1712126
https://doi.org/10.1056/NEJMoa1816714
https://doi.org/10.1056/NEJMoa2035716
https://doi.org/10.1056/NEJMoa2026982
https://doi.org/10.1200/JCO.20.02365
https://doi.org/10.1016/S0140-6736(21)00152-5
https://doi.org/10.1016/S0140-6736(21)00152-5
https://doi.org/10.1158/1078-0432.CCR-13-2173
https://doi.org/10.1158/1078-0432.CCR-13-2173
https://doi.org/10.1016/j.pathol.2019.11.006
https://doi.org/10.1158/0008-5472.CAN-06-2855
https://doi.org/10.1158/1535-7163.MCT-11-0264
https://doi.org/10.1016/j.ejca.2018.02.012
https://doi.org/10.1016/j.ejca.2018.02.012
https://doi.org/10.1016/S1470-2045(16)30107-3
https://doi.org/10.1016/S1470-2045(18)30907-0
https://doi.org/10.1016/S1470-2045(18)30907-0
https://doi.org/10.1016/j.annonc.2020.08.804
https://doi.org/10.1016/j.ejca.2020.09.030
https://www.r-project.org/
https://doi.org/10.1200/JCO.2008.21.4809
https://doi.org/10.1038/s41467-021-25618-z
https://doi.org/10.1002/cncr.27582
https://doi.org/10.1016/j.annonc.2021.09.014
https://doi.org/10.1016/j.annonc.2021.09.014
https://doi.org/10.1093/neuonc/noy099
https://doi.org/10.1016/j.eururo.2014.02.040
https://doi.org/10.1016/j.eururo.2014.02.040
https://doi.org/10.1200/JCO.2017.74.7352
https://doi.org/10.1038/modpathol.2013.208
https://doi.org/10.1038/modpathol.2013.208

