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Abstract.
BACKGROUND: Papillary renal cell carcinoma (PRCC) has a relatively poor prognosis in the metastatic setting. In contrast
to clear cell kidney cancer, there are limited treatment options specifically tested in PRCC. Alterations in the MET pathway
are common in PRCC and may play a pivotal role in promoting tumor growth and the development of resistance to systemic
therapy.
OBJECTIVE: Current data on the efficacy of MET inhibitors over standard of care in PRCC is immature and evolving. The
purpose of this systematic review is to assess and summarize the results and limitations of landmark trials of MET inhibitors
for PRCC as well as to discuss barriers faced by trials of these drugs.
METHODS: Manuscripts and abstracts were collected from PubMed, the American Society of Clinical Oncology (ASCO)
historical abstracts and European Society for Medical Oncology (ESMO) historical abstracts. Included studies must have
been either a clinical trial, systematic review or narrative review and included PRCC patients. Patients must have been treated
with a selective or non-selective MET inhibitor. After the final application of criteria, 30 studies were included.
RESULTS/CONCLUSIONS: Cabozantinib has the best evidence for use showing improved outcomes in PRCC. Other
MET inhibitors, including savolitinib, crizotinib, and foretinib have shown possible benefit in patients with MET-positive
disease, but the inconsistent definition of MET status and a low patient accrual rate prevented further extrapolation of the
individual trial results. Future trials of single agent savolitinib, as well as combination MET inhibitor/ immuno-oncology
(IO) therapies, have the potential to change the therapeutic landscape of using MET inhibitors for PRCC.
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INTRODUCTION

Papillary renal cell carcinomas (RCCs) account for
approximately 75% of non-clear cell RCCs [1]. The
World Health Organization (WHO) pathology crite-
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ria previously subcategorized PRCC into type 1 and
type 2, though the updated version no longer supports
this approach to subtyping [2]. PRCC is a genom-
ically heterogenous group of cancers with MET
alterations being one of the more common genomic
drivers [3]. Papillary renal cell carcinoma (PRCC)
has a relatively poor prognosis in the metastatic
setting [4]. Unlike the clear cell counterpart, there
are limited studied treatment options for PRCC. Per
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Fig. 1. Biology of MET pathway in PRCC.

National Comprehensive Cancer Network (NCCN)
guidelines, the preferred regimen includes enroll-
ment in a clinical trial when available, cabozantinib
(a broad range tyrosine kinase inhibitor), and suni-
tinib. Once the first line therapy fails, there is no
strong recommendation regarding further treatment
options based on the available evidence [5]. Hence
there exists an unmet need to identify newer treat-
ment options to improve the clinical outcomes of the
patients suffering from metastatic PRCC.

Recently, the MET pathway has been found to
be dysregulated in a number of different cancers
leading to excessive proliferation of tumor cells and
metastasis. MET alterations are relatively common
in PRCC, with studies reporting frequencies ranging
from approximately 10% to 20% [6]. Studies have
reported a higher frequency of MET alterations in
type 1 PRCC as compared to type 2 PRCC [6]. It
is extremely important to note that the frequency
of MET alterations depends on the specific type of
alteration being studied (for instance, MET gene
amplification, overexpression, mutations or fusions)
[6]. These alterations have also been recognized to
play a pivotal role in promoting papillary tumor
growth and the development of resistance to the first
line agents [7]. The MET oncogene encodes a trans-

membrane receptor tyrosine kinase which binds with
its ligand hepatocyte growth factor (HGF) that leads
to activation of downstream signals promoting can-
cer cell growth, migration, and metastasis. MET/HGF
pathway deregulation occurs by c-MET overexpres-
sion, mutation, amplification and HGF over secretion.
Targeting the MET pathway, and downstream signals
provides an alternative option in the treatment land-
scape of PRCC (Fig. 1). Hence, MET inhibitors are
a group of drugs that could provide a viable option
in patients with PRCC harboring MET alterations
[8].

Current data on the efficacy of MET inhibitors over
standard of care in PRCC is evolving. The purpose
of this systematic review is to narratively assess and
summarize the results and limitations of landmark tri-
als on MET inhibitors for PRCC as well as to discuss
barriers facing trials of these drugs.

METHODS

Search and Extraction

Manuscripts and abstracts were collected from
PubMed, the American Society of Clinical Oncology
(ASCO) historical abstracts and European Society
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for Medical Oncology (ESMO) historical abstracts.
Search terms were created and agreed on by all the
authors individually prior to performing any search.
In each database, the following search terms were
used: “papillary renal cell carcinoma,” “non-clear
cell renal cell carcinoma,” “savolitinib,” “crizotinb,”
“foretinib,” “amuvantinib,” “capmatinib,” “cabozan-
tinib” and “tivantinib.” The drugs used in the search
criteria do not reflect all MET inhibitors, but they
did capture all MET inhibitors with development
in PRCC. For information relating to other MET
inhibitors that did not include PRCC, see a review by
Smith et al. [9]. In PubMed, the results of the search
were filtered to include only study designs accepted
by criteria which are detailed below. Data were then
extracted by PubMed’s CSV export tool. Abstracts
from the ASCO and ESMO websites were extracted
using a web scraping tool, Octoparse.

Inclusion and Exclusion Criteria

To be included in this systematic review, the papers
or abstract were required to meet the following
criteria. The study must be either a clinical trial, sys-
tematic review or narrative review. They must include
information about PRCC specifically. Patients must
have been treated with a MET inhibitor, however
drugs with multiple targets that included the MET
pathway were allowed. Two independent reviewers
(JB and KS) assessed the criteria for each study found
during the search. When the reviewers disagreed on
a study, the third reviewer (BM) reviewed it again.
There were no instances where after a second review,
the reviewers had a disagreement on the criteria for
a particular study. This process can be seen by the
PRISMA diagram displayed in Fig. 2.

Summary of individual MEK inhibitors based on
the trial data (Figure 3)

Foretinib
Foretinib is an inhibitor of MET, VEGF, TIE-2,

RON, and AXL. The phase 1 study on the safety of
foretinib was first published in 2010, that included
patients with a variety of cancers, including four
patients with PRCC [10, 11]. Of the three patients
which showed partial response from all cancer sub-
types, two had PRCC [10]. Following this, the
MET111644 trial tested foretinib in 67 patients with
histologically confirmed advanced PRCC with no
more than one prior systemic therapy [12, 13]. The

overall response rate (ORR) was 13.5% in the unse-
lected population. However, the ORR was increased
to 50% in patients with MET germline mutations (5 of
10) but not in other MET pathway alterations [12–14].
While this study did not meet its primary endpoint of
ORR > 25%, it showed that foretinib is more effective
in patients with MET germline mutations than other
MET pathway alterations, and unselected patients.
Clinical development of foretinib stopped based on
these results.

Crizotinib
Crizotinib is an inhibitor of the MET, ALK and

ROS1 pathways [15]. Safety and anti-tumor activ-
ity in PRCC was first reported in the CREATE trial.
This phase 1 trial successfully accrued 27 patients
with PRCC type 1 disease. These patients were fur-
ther stratified to MET alteration positive versus MET
alteration negative disease as defined by sequencing
of axons 16–19 of the MET gene in tumor tissue [16,
17]. Only 4 of 27 patients exhibited MET altered dis-
ease. The CREATE trial achieved an ORR of 50%
(2 out of 4 patients) in patients with MET alterations
and 6.3% (1 out of 16 patients) in MET wild-type
patients. The final dose escalation and safety data was
published in 2020 but did not alter the initial find-
ings [18]. Crizotinib was also tested in the PAPMET
(SWOG 1500) trial. In this trial patients were ran-
domized 1:1:1:1 to sunitinib, crizotinib, savolitinib
or cabozantinib. Each experimental arm was individ-
ually compared to the defacto standard of care arm,
sunitinib. This trial was not designed to compare the
experimental arms to each other. A pre-planned futil-
ity analysis was performed. The crizotinib arm was
discontinued early since it failed to demonstrate supe-
rior progression free survival compared to sunitinib
[19, 20]. It is worth noting that the S1500 trial did not
stratify patients by MET alteration status, but rather
treated all patients with histologically known PRCC
[19, 20]. Authors noted that while a trial stratified by
MET alteration status would have been ideal in order
to show efficacy of MET inhibitors such as crizotinib,
the rarity of the disease posed a significant barrier
in accrual of patients. Even with expanded inclu-
sion criteria of including all PRCC patients, authors
still reported a lower accrual rate to the study than
originally anticipated. This further demonstrates the
difficulty in accruing trials for PRCC, especially for
biomarker selected treatment. No further studies on
crizotinib in mPRCC have been published since the
S1500 trial in 2021.
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Fig. 2. The PRISMA flow diagram.

Fig. 3. Timeline of key clinical trials in PRCC.

Savolitinib
Savolitinib (previously AZD6094, HMPL-504 and

volitinib) is a selective MET inhibitor which showed

potential for treatment of PRCC with MET alter-
ations in its first in human studies [21, 22]. The only
three patients which achieved partial response (PR)
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in these trials among various cancers were those with
PRCC and MET alterations as defined by tumor tis-
sue next generation sequencing (NGS) demonstrating
MET copy number changes (focal amplification or
chromosome 7 gains) [21].

The initial trials were followed by biomarker-
selected trials of single agent savolitinib in patients
with histologically proven advanced or metastatic
PRCC [23]. The first was a single arm trial in which
MET status was defined by tumor chromosome 7
copy gain, focal MET or HGF gene amplification,
or MET kinase domain mutations [23]. Patients with
or without MET alteration were enrolled, and a
pre-planned comparison between MET altered ver-
sus wild-type was performed. The trial accrued 109
patients with 40% (n = 44) of them having MET
altered PRCC and 42% (n = 46) having MET wild-
type disease [23]. It demonstrated PR in 18% of
patients with MET altered disease but no response
in MET wild-type disease [23]. Additionally, 61%
of patients with MET-altered disease experienced
some degree of tumor shrinkage, while only 20% of
MET wild-type disease had tumor shrinkage [23].
Positive results from this trial served as the founda-
tion for the SAVOIR trial. The SAVOIR trial was
a phase 3 randomized clinical trial that compared
single-agent savolitinib versus standard-of-care suni-
tinib for locally advanced or metastatic PRCC in
patients with MET altered disease. Like the preceding
trial, MET status was defined by chromosome 7 gain,
MET amplification, MET kinase domain variations or
HGF amplification in tumor tissue. However, in this
study, patients with Von Hippel-Lindau (VHL) and
fumarate hydratase (FH) variations were excluded
[24]. The results of the SAVOIR trial have limited
interpretability due to the trial being closed early due
to accrual challenges.

Of the patients with MET driven disease ran-
domized and treated before closure, progression free
survival (PFS) and overall survival (OS) were numer-
ically but not statistically greater for savolitinib of
versus sunitinib with fewer grade 3 or higher adverse
events in the savolitinib arm [24]. PFS was 7 vs.
5.6 months and OS was not reached compared with
13.2 months for the savolitinib and sunitinib groups
respectively [24]. The PFS in the sunitinib cohort was
longer than anticipated by the initial power calcula-
tion. A new power calculation indicated the need for a
larger study, and hence further recruitment of patients
for SAVOIR was halted, limiting the interpretation of
its results. In 2021, further evidence emerged regard-
ing single agent savolitinib from the S1500 trial. This

trial compared single agent savolitnib to sunitinib in
patients with advanced or metastatic PRCC regard-
less of MET status [19]. The savolitinib arm was also
closed early due to lack of improved PFS with savoli-
tinib compared to sunitinib [19]. The results of S1500
for savolitinib were perhaps unsurprising given that
all the previous evidence for savolitinib were in the
setting of MET altered disease, albeit by slightly dif-
ferent definitions [19].

Additionally, savolitnib has been studied in combi-
nation with durvalumab; a PD-L1 inhibiting immune
therapy. The CALYPSO trial was a single arm phase
I/II trial for the use of combination savolitinib and
durvalumab in patients with metastatic PRCC at any
line of treatment. This trial did not select patients
based on MET status. Initial results showed an ORR
of 27% (11/41) with a median PFS of 3.3 months [25].
Surprisingly, a follow up analysis of the CALYPSO
trial by MET status did not show improved benefit of
the drug in biomarker positive disease [26]. No fur-
ther trials on the combination use of savolitinib and
durvalumab have been conducted.

Cabozantinib
Cabozantinib is a MET, RET and AXL inhibitor

approved for the treatment of medullary thyroid can-
cer and advanced ccRCC [27]. Of all the MET
inhibitors studied in PRCC, cabozantinib has been
tested the most extensively. Evidence for Cabozan-
tinib accumulated without stratifying by MET
pathway alterations. This enabled more data to be
gathered through retrospective studies which enrolled
all PRCC patients irrespective of the specific muta-
tion status [28–31]. This review will focus first on
single agent cabozantinib followed by the various
combinations.

Single agent cabozantinib
Data on single agent cabozantinib for PRCC has

come primarily through retrospective studies. In
2017, there were presentations demonstrating clinical
benefit for patients with “variant histology RCC.” In
Campbell et al., in which 11/19 patients had PRCC,
there were no statistically significant differences in
PFS or OS detected between PRCC and non-PRCC
[29]. Prisciandoro et al. enrolled 18 patients, out of
which 12 patients had histologically confirmed PRCC
and showed a median PFS of 7.83 months. This PFS
duration is comparable to the cabozantinib arm in
the phase III METEOR clinical trial in patients with
metastatic ccRCC which was also 7.4 months [32].
Results from Prisciandoro et al. were not subdivided
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by histological type of PRCC, nor were specific prior
lines of therapy disclosed, though it is unlikely these
patients received previous MET inhibitors given the
timing of the trial [32]. Similarly, Gan et. al. demon-
strated in a retrospective analysis of 413 patients, of
which 72 had nccRCC, that the ORR and time to
treatment failure (TTF) was comparable with single
agent cabozantinib throughout lines 1–4 of therapy.
The ORR remained between 25–32% and the TTF
remained between 7 and 8.3 months across all lines of
therapy. This suggests that single agent cabozantinib
remains effective regardless of the prior therapies due
to minimal to no cross-resistance with other treat-
ments currently in use for kidney cancer. In 2022,
Graham et al. showed that in 260 patients with mRCC,
of which 22 had PRCC, cabozantinib dose reduc-
tion was associated with improved OS (15.28 vs.
29.6 months) and TTF (6.44 vs 12.75 months), in
mRCC [30]. Results were not provided specifically
for patients with PRCC. Results from SWOG 1500,
which enrolled 41 patients in the cabozantinib arm,
showed that single-agent cabozantinib was the only
of three MET inhibitors (savolitinib and crizotinib)
to outperform standard-of-care sunitinib in patients
with PRCC regardless of MET status who had not
received prior MET or VEGF targeting agents [20].
It demonstrated a PFS of 9.0 months vs. 5.6 months,
with two patients in the cabozantinib arm achiev-
ing complete response [20]. Based on the results of
S1500, cabozantinib is the recommended first-line
treatment for patients with metastatic PRCC.

Cabozantinib combinations
Cabozantinib has also been studied in combina-

tion with other agents that have shown independent
benefits in patients with ccRCC and nccRCC. One
phase 1 trial tested a combination of a molecule,
CB-839 (a glutaminase inhibitor), and cabozantinib
in 13 patients with ccRCC [11] and PRCC [2] who
had received multiple other lines of therapy, though
the number of PRCC patients is not specified in the
abstract. The combination regimen demonstrated an
ORR of 50%, but results were not subspecified for
PRCC patients [33]. Subsequently the CANTATA
trial was conducted, which enrolled 444 ccRCC
patients. Unfortunately, this study did not achieve
its primary endpoint of improved PFS, demonstrat-
ing a PFS of 9.2 vs 9.3 months (p = 0.65) comparing
combination cabozantinib + CB-839 to cabozantinib,
making it unlikely that this combination will be pur-
sued further in PRCC [34]. Cabozantinib has also
been tested in combination with atezolizumab, a PD-

L1 inhibitor in the COSMIC-021 trial. In this phase
1b trial, 102 patients with both ccRCC and nccRCC
were enrolled, of which 15 patients had PRCC [35].
The study was divided into 3 arms, cabozantinib
40 mg + atezolizumab in ccRCC, cabozantinib 60 mg
+ atezolizumab in ccRCC and cabozantinib 40 mg +
atezolizumab for nccRCC. In the non-clear cell RCC
group, an ORR of 31% was achieved with a median
PFS of 9.5 months [35]. These encouraging results
led to the CONTACT-03 trial, which is ongoing cur-
rently, evaluating combination of cabozantinib, and
atezolizumab for ccRCC and nccRCC in patients
who have previously been treated with a PD-1/PD-
L1 antagonist. Finally, cabozantinib has also been
tested in combination with nivolumab, another PD-
L1 inhibitor in non-clear cell RCC. This trial is
ongoing at the time of writing with an estimated
completion date in August 2023. Interim results have
been published at the annual ASCO meeting in 2022.
The trial enrolled patients into two cohorts. Cohort
1 included patients with metastatic PRCC (N = 32).
Cohort 2 included patients with metastatic chromo-
phobe (N = 6). Each cohort was designed with an
independent Simon two-stage stopping rule applied
independently for each cohort. Enrollment would
proceed as long as the ORR was at least 25% in
each cohort. For cohort one the stopping rule was not
met allowing for complete enrollment. The stopping
rule was met for cohort two so further enrollment
was halted. The ORR for cohort 1 was 48% with
a median PFS of 12.5 months [36]. Additionally,
genetic and genomic testing showed associations
with Neurofibromatosis type 2 (NF2) and FH muta-
tions and response to treatment. MET alterations were
not investigated [36].

DISCUSSION/FUTURE DIRECTIONS

Cabozantinib is recommended as the first-line
treatment for patients with metastatic PRCC based
on the current literature. It is the only MET inhibitor
that has outperformed sunitinib regardless of MET
status (S1500) [19]. There is also evidence suggest-
ing clinical benefit of single-agent cabozantinib in
patients with PRCC at later lines of therapy [31].
Other MET inhibitors, including savolitnib, crizo-
tinib, and foretinib showed initial promising results in
MET-positive PRCC, but ultimately were not found
superior to the standard of care [10, 12–14, 16, 17, 19,
24]. However, these trials faced accrual challenges
and inconsistency in the definition of MET status,
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which makes it difficult to rule out potential bene-
fits. In particular, the SAVOIR trial results remain
promising specifically in patients with MET altered
disease but further clinical trials are needed to con-
firm the preliminary findings [24]. This has led to the
activation of an international phase III clinical trial,
SAMETA [37].

Clinical trials of MET inhibitors in biomarker
selected (i.e. MET altered) disease are biologically
sound but have faced significant barriers in clinical
trial execution

One issue faced by biomarker selected trials is the
variable and inconsistent definition of MET alter-
ation. Early work in foretinib showed benefit only in
patients with MET germline mutations but not those
with somatic alterations, while work with later agents
defined MET status only by mutations in tumor tissue
[12, 13]. Even among trials which utilized tumor tis-
sue, definition of MET driven disease was variable.
Trials of crizotinib leading to and including the CRE-
ATE trial defined MET altered status as any mutation
to exons 16–19 of the MET gene, excluding other pos-
sible mechanisms of MET-driven disease [16, 17, 20].
In contrast, trials of savolitnib initially defined MET
altered disease as MET copy number changes with
focal amplification or chromosome 7 gains. In a later
trial this was expanded to include tumor chromosome
7 copy gain, focal MET or HGF gene amplifica-
tion, or MET kinase domain mutations. Finally, the
SAVOIR trial used the same definition but excluded
patients with VHL and FH mutations [23, 24]. The
variability in definition of MET altered disease makes
comparison of each of these relatively small trials
challenging. Clarifying the molecular biology may
help in the designing future clinical trials that clearly
identify patients with potential benefit from selective
MET inhibitors, such as savolitinib, as opposed to
multi-targeted drugs such as cabozantinib.

The rarity of MET altered PRCC has also made
accrual for trials of MET inhibitors in PRCC a chal-
lenge. All of the biomarker selected trials experienced
slow accrual rates [12, 13, 16, 17, 24]. PRCC is a
rare cancer so enrolling a biomarker selected popula-
tion of a rare cancer leads to especially slow accrual.
For example, the post-trial analysis of the SAVOIR
trial suggests that there may be a benefit of savolitnib
over sunitinib, but better than expected performance
of sunitinib prompted closure and redesign of the
trial [24] because longer follow up and more patients
would be needed for full enrollment. This issue of
slow accrual is particularly important since regulatory
bodies such as the EMA and FDA continue to approve

treatments regardless of histologic type resulting in
physicians frequently treating all kidney cancers with
the same treatment strategy as ccRCC. Because these
trials take so long to accrue, the results are based
on treatment strategies that are frequently no longer
used. For instance, in ccRCC immune therapy-based
combinations are most frequently used now as first-
line treatment but S1500 only tested single-agent
TKIs which was the standard of care for ccRCC at
the time of study initiation. Trials of cabozantinib
have proceeded much more easily in part because
all PRCC patients are included. The CALYPSO trial,
testing MET-selective savolitinib, avoided the issue
of slow accrual by enrolling all PRCC patients but
doing a pre-planned secondary PFS analysis strati-
fied by MET status. [25]. Of note, this study showed
no effect of MET status on disease response [25].

Some developing targeted therapies were validated
in tumors found to have a specific mutation rather
than for a specific tumor tissue. While some of
the initial phase 1 trials MET inhibitors were per-
formed in studies with multiple primary tumors, the
general approach for further validation has been tis-
sue rather than mutation specific. For other primary
tumors, such as from the lung and papillary thyroid,
MET inhibitors are more effective. The more limited
efficacy in PRCC may be related to the increased het-
erogeneity of the TME or driver mutations. PRCC is
well known for being highly heterogenous. Addition-
ally, there is some data indicating that responsiveness
to MET inhibitors vary by type of MET alteration.
For example, Kou et. al. demonstrated that MET
TKIs but not anti-MET antibodies inhibit tumor cell
growth with MET amplified tissue [38]. However,
both MET TKIs and antibodies were able to inhibit
HGF-autocrine tumor growth [38]. Further charac-
terization of the mechanism of MET inhibitors may
aid in the design of trials that highlight populations
that will most benefit from selective MET inhibitors.

The difficulty in determining MET status reflects
a common problem in RCC, which is that typical
biomarkers of response to therapy, even those closely
related to proposed drug MOA, have been difficult
to establish. As a different example, biomarkers of
response for immunotherapy, such as PDL1 status,
have not proven effective biomarkers in RCC despite
efficacy of these drugs [39]. These findings have been
especially surprising for PDL-1 inhibitors, where the
biomarker is thought to be closely related to the mech-
anism of action of the drug. However, emerging data
suggests that immune therapies may act on tumors
via additional mechanisms. For example, a group of
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studies found that the gut microbiome of responders
to immune therapy has the potential to restore drug
effectiveness in some patients who previously failed
PDL-1 treatment [40, 41]. A prospective trial has now
demonstrated the efficacy of a standardized micro-
biome supplement which improved responsiveness to
immune therapy [41]. Together, these studies suggest
that mechanisms of immune therapy may be more
complex than initially thought and not just restricted
to PD-1/PD-L1 status. It may be that these addi-
tional mechanisms play a key role in responsiveness
to immune therapy in RCC. As our understanding of
these mechanisms develops, new potential biomark-
ers may emerge. Similarly, as the understanding of
the complete MOA for MET inhibitors improves, it
is possible that accurate biomarkers may emerge.

As these biomarkers develop, it will be important
to consider lessons learned from biomarker devel-
opment in RCC. Other biomarkers of response to
therapy as well as general prognostic biomarkers
are at various stages of development. Broadly, these
markers can be divided into imaging based (MRI, CT,
molecular imaging), peripheral tissue based (serum
and urine markers, ctDNA) or tumor tissue based (his-
tology, NGS) [42]. These divisions largely represent
differences in invasiveness and cost. Similarly, the
biomarkers can also be thought of as single factor (IL-
6 level, PDL-1 status), composite easily interpretable
scores (Heng score, MSKCC score, Motzer score)
and composite difficult to interpret scores (NGS
biomarkers derived from PCA or machine learning)
[42–49]. As these biomarkers develop, it will be
important to consider both the ease with which they
can be collected as well as their known relationship
to drug or tumorigenesis/invasive pathways.

Recent guideline updates have eliminated the clin-
ical distinction between what was previously type
1 and type 2 PRCC. It was previously thought that
type 1 PRCC patients may be good candidates for
MET inhibition because approximately 85% of type
1 PRCC tumors contained MET alterations. When
tumor genetic testing was less available, stratifying
clinical trials by histology represented a good way
to target MET altered tumors. Practically, only one
MET targeted trial stratified by histology classifi-
cations with most opting instead to rely on tumor
genetic analysis to determine MET status directly.
As sequencing becomes increasingly available, the
distinction between type 1 and 2 PRCC becomes less
important for the progress of MET targeted therapies.

Part of the initial excitement around MET
inhibitors was the opportunity to provide targeted

therapies for PRCC towards the presumed biologic
driver of this disease. However, it is possible that
less targeted approaches may work better because
MET may not be the sole driver or even the main
biologic driver of this disease. It is possible that
non-selective agents such as cabozantinib may be
more active because multiple key pathways are co-
occuring such as VEGFR [37]. For example, in
ccRCC, the combination lenvatinib/pembrolizumab
showed improved OS, PFS and ORR compared to
sunitinib prompting investigators to test this same
combination in nccRCC [50]. Lenvatinib is a mul-
titarget TKI, antagonizing the VEGF, FGF, PDGFB
KIT and RET pathways, but not the MET pathway
[51]. KEYNOTE-B61 is a single arm clinical trial
testing pembrolizumab and lenvatinib, in nccRCC
[52]. In total 147 patients with nccRCC were enrolled,
of which 87 were classified as histologic PRCC. The
ORR was 47.6% in the nccRCC population [52].
Results have not been published for patients with
PRCC. This ORR is higher than previously published
with any prior clinical trial evaluating monotherapy
treatment. Likely the high response rate is related
to the combination approach taken. It is important
to observe that the response rate is higher than that
observed with pembrolizumab monotherapy in the
PRCC population in the KEYNOTE-427 clinical
trial. The ASPEN and ESPN trials also highlight this
concept. The MTOR inhibitor everolimus was tested
against sunitinib in both trials. MTOR therapy was
inferior to sunitinib especially when evaluating the
subgroup of patients specifically with PRCC. Treat-
ment with a single mechanism appear to perform less
well in PRCC possibly due to the biologic diversity
of this histologic diagnosis [53, 54]. Alternative path-
ways beyond MET also seem to play a crucial role
in the biology of this disease [55]. Together, these
data support the use of multitarget therapies, such as
cabozantinib or suntinib, in the treatment of PRCC.

New research studies are quickly incorporating
immune checkpoint inhibitors for the treatment
of PRCC with initial promising results. To date
there have not been any randomized studies com-
pleted for this population that included immune
checkpoint inhibitors. S2200 (PAPMET2) is coop-
erative group trial comparing cabozantinib versus
cabozantinib/atezolizumab in PRCC regardless of
MET biomarker status. As mentioned previously,
SAMETA is another ongoing study in MET-
biomarker selected patients randomizing patients
1:1:1 to savolitinib/durvalumab, sunitinib or durval-
umab monotherapy. The value of MET status and
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Table 1
Prospective clinical trials in PRCC

Study Title Study design Treatment Control Arm MET
alteration type

Number of
Patients

ORR, % PFS OS

TRIALS ON SINGLE-AGENT TKI
Crizotinib achieves
long-lasting disease
control in advanced
papillary renal-cell
carcinoma type 1 patients
with MET mutations or
amplification: EORTC
90101 CREATE trial
(Schoffski et al.) [16, 17]

Phase II
(NCT01524926)

Crizotinib None MET mutation
exons
(16–19)/MET
amp

41 (23 eligible
with PRCC)

50.0% 1-year PFS
75.0%; 2-year
PFS 75.0%

1 yr OS: 75%

Sunitinib Versus
Cabozantinib, Crizotinib
or Savolitinib in
Metastatic Papillary
Renal Cell Carcinoma
(pRCC): Results from the
Randomized Phase II
SWOG 1500
Study (SWOG 1500
study)
(Pal et al.) [19]

Phase III
(NCT02761057)

Cabozantinib
60 mg orally
daily,
crizotinib
250 mg orally
daily,
savolitinib
600 mg orally
daily.

sunitinib
50 mg orally
daily (with 4
weeks on and
2 weeks off)

Not specified 147 PRCC
patients

ORR (%):
22.72
(cabozantinib)
vs.
0 (crizotinib)
vs.
3.44
(savolitinib)
vs.
4.34
(sunitinib)

PFS (median):
9
(cabozantinib)
vs.
2.8 (crizotinib)
vs.
3 (savolitinib)
vs.
5.6 (sunitinib)
months

OS (median):
20
(cabozantinib)
vs.
19.9
(crizotinib) vs.

11.7
(savolitinib)
vs.
16.4
(sunitinib)
months

A Phase II and Biomarker
Study of the Dual
MET/VEGFR2 Inhibitor
Foretinib in Patients With
Papillary Renal Cell
Carcinoma
(Choueiri et al.) [13]

Phase II
NCT
00726323

Foretinib None Germline
MET mutation
(n = 11);
somatic
mutation
(n = 5); gain of
chromosome
7 = (n = 18);
MET amp
(n = 2)

74 PRCC
patients

ORR: 13.5%
(10/74)

Median PFS:
9.3 months

Median OS:
12.8 months

(Continued)
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Study Title Study design Treatment Control Arm MET
alteration type

Number of
Patients

ORR, % PFS OS

Efficacy of Savolitinib vs
Sunitinib in Patients with
MET-Driven Papillary
Renal Cell Carcinoma:
The SAVOIR Phase 3
Randomized Clinical
Trial
(Choueiri et al.) [24]

Phase III
(NCT03091192)

Savolitinib Sunitinib MET/HGF
gene copy
number gain

60 PRCC
patients

ORR:
savolitinib
27.8%
(62/223),
sunitinib 7.8%
(17/217)

Median PFS:
savolitinib 7.0
months,
sunitinib 5.6
months

Median OS:
not reached in
savolitinib
group, and
13.2 months
for the
sunitinib
group

TRIALS ON COMBINATION THERAPY OF TKI AND ICI
Cabozantinib in
Combination With
Atezolizumab for
Advanced Renal Cell
Carcinoma: Results From
the COSMIC-021
Study (Pal et al.) [35]

Phase I/II
NCT03170960

Cabozantinib
and
Atezolizumab

None Not specified 32 nccRCC
patients

ORR: 31% Median PFS:
9.5 months

Median OS:
not reached

Phase II Trial of
Cabozantinib Plus
Nivolumab in Patients
With Non-Clear-Cell
Renal Cell Carcinoma
and Genomic Correlates.
(Lee et al.) [36]

Phase II
(NCT03635892)

Cabozantinib
and
Nivolumab

None Not specified 40 patients
(papillary,
unclassified,
or
translocation-
associated
RCC)

ORR: 47.5% Median PFS:
12.5 months

Median OS:
28 months

Clinical activity of
durvalumab and
savolitinib in
MET-driven, metastatic
papillary renal cancer.
(Powles et al.) [25]

Phase I/II
(NCT02819596)

Durvalumab
and savolitinib

None MET DNA
alterations
(central
analysis:
chromosome 7
gain/MET or
HGF amplifi-
cation/MET
kinase domain
mutations)

41 PRCC
patients

confirmed
response rate:
29%

Median PFF:
4.9 months

Median OS in
MET-driven
patients: 14.1
months
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combination versus monotherapy will likely be clar-
ified based on the results of these two clinical trials.

CONCLUSION

In summary, cabozantinib has the best evidence
for use as a first-line treatment based on improved
PFS when directly compared with sunitinib regard-
less of MET status. Other MET inhibitors including
savolitinib, crizotinib, and foretinib have shown pos-
sible benefit in patients with MET-altered disease, but
the inconsistent definition of MET status and early
trial termination prevents further extrapolation of the
data. Of these drugs, savolitinib has the most promis-
ing preliminary data in MET altered disease. Future
trials of MET selective therapies, as well as combi-
nations including immune checkpoint inhibitors have
the potential to further improve the prognosis for
patients with metastatic PRCC.
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