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Non-clear cell advanced kidney cancer: is there a

gold standard?

Pedro Sanchez*®, Emiliano Calvo®® and Ignacio Duran®®

Renal cell carcinoma (RCC) accounts for approximately 3%
of all new cancer diagnosis every year. RCC arises from the
renal epithelium and represents 85% of all kidney tumors.
According to histology, these neoplasms are divided into
the following types: clear cell, papillary, chromophobe,
oncocytoma, collecting duct, and unclassified.
Approximately, 75% of RCCs are of the clear cell type and
in recent years, there have been substantial advances in
the understanding of its molecular biology leading to the
development of effective treatments. However, there is
still an area of uncertainty with regard to non-clear cell
histologies. Scarce studies have been conducted testing
different drugs in this patient population. Thus, most of the
evidence comes from small phase |l trials, retrospective
analysis, or expanded access programs. Recent insights
in the molecular basis of these tumors have opened a
promising research field. Molecules targeting mammalian
target of rapamycin, epidermal growth factor receptor,

Introduction

Approximately 55000 patients are diagnosed every year
with renal cancer in the United States and approximately
12000 deaths are caused by this disease. The incidence
of this tumor has increased over the last decade and
currently kidney cancer represents the seventh most
common malignancy in men and the ninth in women
[1,2]. Renal cell carcinoma (RCC) arises from the renal
epithelium and represents 85% of all kidney cancers.
According to histology these tumors are divided into
the following types: clear cell, papillary, chromophobe,
oncocytoma, collecting duct, and unclassified [3]. Up to
25% of the patients present with locally advanced or
metastatic disease at diagnosis. In addition, one third of
the patients who undergo resection of localized disease
will have a recurrence requiring systemic therapy [2].

The vast majority of RCCs is of the clear cell type and
in recent years, there have been substantial advances in
the understanding of the molecular biology of this cancer
subtype, which has led to the development of more
effective treatments. Important progress has also been
made in non-clear cell cancers although there is no a well-
defined standard care for this patient population.

This article will briefly review the mechanisms of the
disease for RCC and will summarize the treatment
options with a particular focus on patients with non-clear
cell tumors.
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c-MET, vascular endothelial growth factor, and platelet-
derived growth factor are among some of the promising
drugs tested in this setting. This article reviews the
mechanisms of disease on RCC and summarizes
treatment options with a particular focus on patients
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Renal cell cancer: mechanisms of disease
Although historically considered as a single entity, we
have recently learned that RCC includes a number of
different tumor types that occur in the kidney. Each one
has a different genetic and molecular basis, a particular
histology and clinical course, and responds differently
to the available treatments [4]. Increased knowledge of
some hereditary syndromes (extensively described in
another article of this supplement) has allowed us to
better define disease mechanisms and to identify the
responsible genes and potential treatment targets.

The von Hippel-Lindau gene and clear cell renal cell
carcinoma

The von Hippel-Lindau (VHL) gene was identified on
the short arm of chromosome 3 in genetic analysis done
on families with this syndrome. A mutation in this tumor
suppressor gene was found in the germline of approxi-
mately 100% individuals with the disease [5]. More
recently, when the tumor tissue from patients with
sporadic RCC was tested for alteration on this gene,
mutations were detected in a higher percentage of cases
[6]. In fact, one series reported inactivation of the VHL
gene by either mutation or methylation in up to 91% of
tumors from patients with sporadic clear cell RCC [7].
Interestingly, no mutations of VHL were detected in the
tumors from patients with other varieties of RCCs such
as chromophobe, papillary, or collecting duct.
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Through the formation of a complex with elongin B and C
and Cul2, VHLp (the VHL gene product) targets the
hypoxia inducible factors, HIF-1-o and HIF-2-a for
ubiquitin-mediated degradation. When the VHL gene
product is absent by either mutation or methylation of
the VHL gene, HIF is not degraded and accumulates
leading to increased transcription of HIF downstream
genes involved in angiogenesis, cell proliferation, glucose
uptake, and acid—base balance, such as vascular endothe-
lial growth factor (VEGF), platelet-derived growth factor,
transforming growth factor, glucose transporter (GLUT-1),
and carbonic anhidrase IX (CAIX) [2]. In addition, the
levels of HIF-1-a also increase by the activation of the
mammalian target of rapamycin (m-TOR) pathway [8].

The MET gene and type 1 papillary kidney cancer

The study of families with hereditary papillary renal
carcinoma (HPRC) syndrome shows that the affected
individuals have a higher risk of presenting bilateral
multifocal type I papillary RCC. Genetic analysis showed
that the MET gene located on chromosome 7 was the
gene responsible for HPRC [9]. Mutations in the tyrosine
kinase domain of MET are found in the germ line of
patients suffering from this syndrome and in patients
with sporadic forms of this tumor variety. As a conse-
quence, an abnormal c¢-MET protein (also known as
hepatocyte growth factor receptor) is synthesized origi-
nating a ligand-independent activation of the hepatocyte
growth factor receptor and its downstream pathways,
which lead to uncontrolled cell proliferation [2,4].

Chromophobe kidney cancer and the Birt-Hogg-Dubé
syndrome

Another inherited RCC characterized by benign cuta-
neous lesions (fibrofoliculomas), pulmonary cysts, sponta-
neous pneumothorax, and renal tumors, is the Birt-Hogg—
Dubé (BHD) syndrome. The affected individuals are at a
higher risk of developing bilateral multifocal renal tumors
with chromophobe, oncocytic, clear cell, or mixed histo-
logies involved. The BHD gene has been identified on
chromosome 17 and more than 90% of patients with the
syndrome present germ line mutations of this tumor
suppressor gene [10]. The gene product is the folliculin
that, in normal conditions, forms a complex with two
other proteins that bind AMP-activated protein kinase
(AMPK) to negatively regulate mTOR activity [11].

Type Il papillary kidney cancer and hereditary
leiomyomatosis renal cell carcinoma

The hereditary leiomyomatosis RCC syndrome is another
genodermatosis in which the affected individuals have a
higher risk of developing leiomyomas in the uterus or the
skin and RCC. The predominant RCC variety is the type
IT papillary type, which is abnormally aggressive and has a
high propensity to metastasize even with small primary
tumors. Genetic analysis has shown that the fumarate
hydratase (FH) gene involved in Krebs cycle control,

is the responsible gene for this syndrome and is mutated
in more than 90% of the families with hereditary
leiomyomatosis RCC syndrome [12]. The mutations of
FH lead to the accumulation of fumarate that inhibits, in
a competitive manner, the HIF prolyl hydroxylase
activity. This prevents HIF hydroxylation and leads to
the accumulation of this transcription factor and in-
creased proangiogenic and cell proliferation activity.
Moreover, there is accumulation of the reactive oxygen
species that also contribute to the stabilization of HIF
and increase its transcriptional activity [13,14].

Treatment of non-clear cell advanced renal
cell cancer

There has been impressive progress in the treatment
of clear cell RCC parallel to the improvement in the
knowledge of its molecular/genetic basis. Thus, there are
at least six different drugs (tyrosine kinase inhibitors,
monoclonal antibodies, and m-T'OR inhibitors) that have
been approved by the Food and Drug Administration or
European Medicines Agency for the treatment of this
disease including sunitinib, sorafenib, pazopanib, bevaci-
zumab (in combination with interferon-ot), temsirolimus,
and everolimus [15].

However, there is still an area of uncertainty for the
clinician as little evidence is currently available to decide
about treatment of patients with non-clear cell histolo-
gies. Most of the pivotal studies that led to the approval
of the currently available drugs for advanced RCC exclu-
ded patients with the non-clear cell varieties (except for
the randomized trial of temsirolimus) [16].

Different analyses testing the efficacy of tyrosine kinase
inhibitors and mTOR inhibitors in patients with non-clear
cell tumors have shown quite variable response rates ranging
from 0 to 46% [16-26]. A number of prospective trials are
ongoing in this patient population and promising targets, such
as c-MET in papillary tumors, have been identified, opening
new treatment options that are being currently tested.

There is a great need to better define how to treat this
group of patients that represent approximately one out
of four patients with advanced RCC seen in the clinic.

In the following paragraphs the evidence regarding
currently available treatment options for the different
subtypes of non-clear cell RCC will be presented and
summarized in Table 1.

Papillary renal cell carcinoma

Papillary RCC (PRCC) accounts for approximately 10—
15% of RCC, being the most common subtype after clear
cell tumors. The overall prognosis of these patients is
similar, stage by stage, to clear cell subtypes [18,27,28].
PRCC is resistant to conventional chemotherapy and
immunotherapy treatments [28,29]. There are two histo-
logical subtypes of PRCC: type I tumors that are formed
by small cells with pale cytoplasm and type II PRCC
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Table 1 Treatment options for non-clear cell renal cell carcinoma subtypes
Subtypes of non-clear cell RCC Percentage of total cases of RCC Treatment options References Trials ongoing
Papillary 15% Temsirolimus [16] Everolimus
Erlotinib [22] Bevacizumab + erlotinib
Sorafenib [1719, Sunitinib
23,24,27]
Sunitinib [17,20,21] Temsirolimus vs. sunitinib
C-MET inhibitors (GSK1363089) [27,32]
Chromophobe 4-8% Temsirolimus [16] Sunitinib
Sorafenib [17,19,23,24] Temsirolimus vs. sunitinib
Sunitinib [17,21]
C-KIT inhibitors [37]
Collecting duct 3% Cisplatin—gemcitabine [39] Sunitinib
Sorafenib [41] Temsirolimus vs. sunitinib
Topoisomerase [43]
inhibition (AQ4)
Sarcomatoid 1% Doxorubicin [25,26] Sunitinib
combinations
Temsirolimus [16]
Sorafenib [18] Gemcitabine + sunitinib
Sunitinib [18]
Bevacizumab [18] Capecitabine + gemcitabine + bevacizumab

RCC, renal cell carcinoma.

tumors that are characterized by large eosinophilic cells.
Type I tumors have been associated with alterations in
the cMET pathway whereas type II hereditary tumors
have been linked to mutations in the FH gene. By gene
expression profiling, PRCC tumors have been classified
into two groups: those that have a good prognosis and
includes type I tumors, low-grade type II, and mixed
tumors and those that have poor prognosis, which
correspond to high-grade type II tumors [30].

Tyrosine kinase inhibitors

Sorafenib: There are very few studies testing new agents
in PRCC. In the initial randomized discontinuation trial
of sorafenib in patients with RCC, 15 patients with
PRCC were included and two achieved a partial response.

Sorafenib has been administered to patients with PRCC
as part of the expanded access programs available both
in the United States and in Europe. In a total of 170
patients treated with the drug in the United States,
27 patients have achieved a partial response (confirmed
only in four patients). In 104 patients treated in Europe,
the disease control rate was 66% and median progression-
free survival (PFS) was 5.8 months [19,24,27].

Sunitinib: Sunitinib has also been tested in patients with
non-clear cell histologies as part of an expansion access
program. However, the results of this study have not been
reported separately for the different subtypes included
[21]. Moreover, a retrospective analysis conducted on 41
patients with histologically confirmed PRCC, who
received either sunitinib (13 patients) or sorafenib (28
patients) suggests that sunitinib may be more effective.
In this trial, sunitinib resulted in 15% partial responses
and a PFS of 11.9 months compared with no objective
responses and PFS of 5.1 months for patients treated
with sorafenib [17]. Nevertheless, these results were not
replicated in a prospective manner. Thus, in a recently

reported prospective phase II study of sunitinib in
patients with RCC and non-clear cell histology, the agent
did not result in any objective response in 23 patients
with the PRCC subtype. The PFS and overall survival
(OS) were, respectively, 1.6 and 10.8 months [20].

Mammalian target of rapamycin inhibitors

Unlike the registration studies with tyrosine Kkinase
inhibitors, which were restricted to patients with clear
cell histology, the pivotal trial of temsirolimus in RCC
included a significant percentage of patients with non-
clear cell histology [16]. In a subset analysis of this group,
temsirolimus showed a higher OS (11.6 versus 4.6
months) and PFS (7 versus 1.8 months) compared with
interferon. These tumors were not, however, centrally
reviewed. On the basis of these data, new studies are
currently ongoing to test the efficacy of mTOR inhibitors
in patients with PRCC, such as the RAPTOR trial
(NCT00688753) that will test the efficacy of everolimus
in patients with PRCC.

Epidermal growth factor receptor inhibitors

In preclinical studies, the blockage of the epidermal
growth factor receptor by a monoclonal antibody against
the receptor resulted in significant tumor growth inhibi-
tion in PRCC cell lines [31]. These data prompted
a phase II study in patients with PRCC: Patients with
advanced PRCC were treated with erlotinib (150 mg
orally, once daily). The overall response rate was 11%
(five of 45 patients), and the disease control rate was 64%
being the median OS of 27 months. The single-agent
erlotinib, yielded disease control and survival outcomes
of interest with an expected toxicity profile [22].

c-MET inhibitors
As mentioned above, hereditary PRCC harbors mutations
in the -MET gene. In addition, sporadic PRCC often has
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amplification or overexpression of the ¢-MET oncogene.
In a phase I study of the MET inhibitor, GSK1363089,
three patients with PRCC, of the four patients treated,
achieved a partial response [27,32]. These data led to a phase
IT study of this agent in patients with histologically proven
PRCC stratified into two groups based on c-MET activation.
In a preliminary analysis of this group, of 25 evaluable
patients there have been two confirmed partial responses.

New directions: lactate dehydrogenase-A

Inhibition of FH in type II PRCC results in a significant
decrease in oxidative phosphorylation necessitating
glycolysis followed by fermentation of pyruvate to lactate
to provide adequate ATP and to regenerate nicotinamide
adenine dinucleotide (NAD ™). Moreover, FH deficiency is
known to upregulate the expression of HIF-1-o by
enhancing the stability of the HIF transcript. Lactate
dehydrogenase-A, also a HIF-1-a target, promotes fermen-
tative glycolysis (conversion of pyruvate to lactate), a step
essential for regenerating NAD ™. It has been shown that
RCC tumors indeed overexpress lactate dehydrogenase-A
and that lactate dehydrogenase-A inhibition results in
increased apoptosis in cells with FH deficiency, suggesting
that this could be another therapeutic opportunity for these
tumor types [33].

Ongoing studies

There is currently a phase II study at MD Anderson
Cancer Center (Houston, USA) testing the efficacy
of sunitinib in patients with non-clear cell histologies
including papillary tumors (NCT00465179). Another ran-
domized phase II study is testing the efficacy of sunitinib
versus temsirolimus in non-clear cell RCC patients
(NCT00979966).

Chromophobe renal cell carcinoma

Chromophobe RCC (ChRCC) accounts for approxi-
mately 4-8% of all RCCs and has an overall more
favorable prognosis compared with clear cell RCC and
PRCC although this ‘advantage’ seems to be lost in the
advanced setting in some patients [34]. Given the
relative rarity of ChrRCC, there is no current standard
of care for patients with advanced disease pending results
from ongoing trials.

Mammalian target of rapamycin inhibitors:
temsirolimus

From the analysis of the BHD syndrome patients and
recent genomic studies focused on this population, there
are new data that have allowed shedding of light on the
underlying genetic abnormalities that drive the tumor-
igenesis of this tumor type. Two major pathways, the
c-erbB2/HERZ2 and the mTOR signaling pathway, have
been shown to be deregulated in ChRCC on exploratory
analysis of mRNA expression [35]. It has also been

reported that these tumors have phosphorylation and
overexpression of energy pathway genes [36].

Therefore, the mTOR inhibitors seem a reasonable
option for the treatment of this tumor type. The pivotal
study of temsirolimus included approximately 20% of
non-clear cell tumors (how many of each subtype is not
specified) and is the only prospective data in this regard
[16].

c-KIT inhibitors

One of the characteristics of ChrRCC is the expression
of CD117 (KIT), a membrane receptor that plays an
important role in the signal transduction. Different from
other tumor types such as gastrointestinal stromal
tumors, KIT mutations have not been detected in
ChrRCC. These data support the hypothesis that KIT
inhibitors such as imatinib, dasatinib, or nilotinib could
be effective in this type of RCC but no hard data are yet
available [37].

Tyrosine kinase inhibitors

Sorafenib and sunitinib have been studied in patients
with ChrRCC [23]. The expanded access program of
sorafenib in North America included 20 patients with
ChrRCC and reported one partial response (5%) [24].
In another report, among the 12 patients with ChRCC
included, seven were treated with sunitinib and five were
treated with sorafenib. Two patients treated with
sorafenib and one patient treated with sunitinib achieved
a partial response, corresponding to a response rate of
25% (three of 12 patients). PFS for patients with ChRCC
was 10.6 months. Patients treated with sorafenib tended
to have a prolonged median PFS (27.5 months) [17].

Ongoing studies

Two studies using sunitinib are ongoing in patients with
chRCC: a single-arm phase II study (NCT00465179) and
a randomized phase II trial testing sunitinib versus
temsirolimus (NCT00979966).

Collecting duct renal cell carcinoma

Collecting duct RCC, also known as ‘Bellini duct tumor’,
is a rare entity that represents less than 3% of all renal cell
cancers. Compared with other histologies, collecting duct
RCC are usually diagnosed at higher stages and have
worse disease-specific survival [38-43].

Cisplatin-gemcitabine

As with other non-clear cell RCCs, cytokines have shown
little efficacy in the treatment of these tumors while
some chemosensitivity has been observed. Thus, studies
combining platinum and gemcitabine showed response
rates of 26% and PFS and OS of 7.1 and 10.5 months,
respectively [39]. Certain common features of urothelial
tumors could explain this unusual response to cytotoxics
not common in a clear cell RCC [40].
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A case report in the literature reported a significant
response to sorafenib but there are very few additional
data to support its use [41].

New directions: topoisomerase inhibitors

Recent studies on cell lines have identified some genetic
alterations and chemosensitivity profiles for collecting
duct RCC. Topoisomerase I was identified as a valid
molecular target in this tumor type in a genomic analysis
[42]. In fact AQ4N, a novel prodrug, which is selectively
bioreduced to AQ4 (a topoisomerase Il inhibitor) in
hypoxic tumor, showed remarkable activity in a patient
participating in the phase I study [43].

Ongoing studies

Two phase II studies are testing the efficacy of sunitinib
in this population: the NCT00465179 as a single-agent,
one-arm trial and the NCT00979966 with a randomized
phase II design testing the efficacy of sunitinib versus
temsirolimus.

Sarcomatoid differentiation

Sarcomatoid differentiation is not a distinct histological
entity itself but rather a growth pattern characterized
by malignant spindle-shaped cell histology that can be
observed across all RCC subtypes, including clear cell,
papillary, chromophobe, and collecting ducts [18,44].
In fact, the sarcomatoid differentiation is thought to
represent transformation of a RCC to a much-undiffer-
entiated form being by definition a Fuhrman grade 4.
These tumors have a high incidence of metastases to the
bone and lung at presentation and very dismal prognosis
overall. Median overall survival for stage IV patients varies
from 3 to 10 months and for those patients with localized
disease the 5-year survival rate is approximately 19%
[45,46].

Historically, patients with RCC and sarcomatoid features
have shown limited response to the treatment. A few
prospective studies that were carried out, most of them
with doxorubicin-based chemotherapy involved relatively
small numbers of patients and had disappointing results
[25,26].

Vascular endothelial growth factor/vascular

endothelial growth factor receptor inhibitors

The major trials conducted with VEGF/VEGF receptor
inhibitors, such as sunitinib, sorafenib, and bevacizumab,
in metastatic RCC did not report the percentage of
patients who had sarcomatoid elements making it difficult
to reach any conclusion regarding the activity of these
compounds. Golshayan e @/ [18] reported data from a
retrospective analysis of 43 patients with metastatic
sarcomatoid RCC treated with either sunitinib (z = 21),
sorafenib (7 =12), bevacizumab (#z =8), or the combi-
nation of bevacizumab and sunitinib (z=2). They

Non-clear cell RCC: treatment options Sanchez et al. S13

confirmed that the VEGF-targeted therapy had clinical
activity in patients with metastatic RCC with sarcoma-
toid features, most notably in patients with clear cell
histology and a low percentage of sarcomatoid elements.
However, the retrospective nature of the study limits its
conclusions.

Mammalian target of rapamycin inhibitors

With regard to mTOR inhibitors, of the 626 patients
randomized in the pivotal phase III study of temsiroli-
mus, 63 patients had sarcomatoid RCC. However, no
subanalysis was carried out on this particular subset of
patients [16].

Ongoing studies

There are three ongoing phase II trials that use VEGF-
targeted agents in sarcomatoid RCC. One is testing the
combination of gemcitabine and sunitinib in sarcomatoid
and/or poor-risk patients with metastatic RCC (NCT
0556049). The other two trials are designed specifically
for sarcomatoid tumors. One evaluates the activity of the
combination of capecitabine, gemcitabine, and bevacizu-
mab (NCT00496587) and in the other trial sunitinib as
a single agent (NCT00465179).

Conclusion

The progress in the understanding of the genetics and
molecular basis of RCC has provided the foundation for
the recent development of targeted drugs in this disease.
Regarding the non-clear cell tumors most of the current
data come from retrospective analysis or some prospec-
tive series with scarce number of patients, which, in
general terms show the trends of activity for the available
targeted drugs in these tumor subtypes. Overall, these
methodological limitations need to be taken into account
when analyzing the data and making treatment decisions.
There is a real need of including more patients with non-
clear cell histologies in randomized studies. Several
studies are currently ongoing to test different compounds
alone or within combinations. The results of these trials
are highly awaited and will contribute to defining a
standard. Pharmacodynamic and biomarker endpoints are
also critical in these trials to aid in responding to some of
the multiple unanswered questions in this field of medi-
cal oncology.
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