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Abstract
Objectives—Sarcomatoid variant is a spindle cell phenotype of renal cell carcinoma (RCC),
which is associated with a poor prognosis. We reviewed outcomes of systemic therapy for
metastatic, sarcomatoid-variant RCC.

Methods—Clinical features, treatment outcome, and survival were evaluated in 63 patients with
sarcomatoid-variant metastatic RCC (47 clear cell, 16 nonclear cell). Initial systemic treatment
included antiangiogenesis-targeted therapy (n=34), cytokines (n=20), and chemotherapy (n=9).

Results—Five of 63 patients (8%) achieved an objective response to the first systemic treatment:
1 (5%) to cytokine and 4 (12%) to sunitinib-targeted therapy. Median progression-free survival for
63 patients was 3 months (95% confidence interval), and median overall survival was 10 months
(95% confidence interval). The median progression-free survival for patients treated with sunitinib
versus all others was 4.4 months versus 2 months (P=0.03), and 3 months for patients with clear-
cell histology versus 1.6 months for nonclear-cell histology (P=0.004).

Conclusions—Metastatic sarcomatoid-variant RCC was associated with a poor response to
systemic therapy. Sunitinib treatment resulted in a modest response rate, but studies to
characterize the underlying tumor biology of sarcomatoid-variant RCC, to assess outcome to
targeted agents, and to develop novel treatment strategies are warranted.
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Sarcomatoid-variant represents a spindle cell phenotype of renal cell carcinoma (RCC) that
can be present in any subtype (clear cell, papillary, chromophobe or unclassified). Case
reports of sarcomatoid-variant RCC highlight a poor prognosis. Most reports comprise less
than 20 patients, and lack consensus on treatment outcome and an optimal approach to
management.1–8 The reported median survival from initial diagnosis ranges from 9 to 19
months.9,10 Response rates to chemotherapy and cytokines are low across all series.1–3,11

Recent years have brought significant advances in classification and treatment options for
metastatic RCC. An improved understanding of the mechanisms involved in RCC growth
and angiogenesis has led to the development and implementation of antiangiogenesis-
targeted therapies in the treatment paradigm for metastatic RCC. Small molecule-targeted
inhibitors sunitinib, sorafenib, temsirolimus, everolimus, and the monoclonal antibody
bevacizumab have shown substantial antitumor activity in randomized phase 3 clinical
trials,12–17 and have assumed a predominant role in the standard management of first-line,
second-line, and third-line treatment for metastatic clear-cell RCC. As a result, the treatment
paradigm, prognosis, and overall survival (OS) for patients with metastatic RCC have
dramatically improved.

These new agents target angiogenesis by the hypoxia-driven gene pathway, with differences
in the targeting profile, mechanisms of action, and pharmacokinetic profiles. For example,
sunitinib is a small molecule that blocks activity for the receptors of vascular endothelial
growth factor and platelet-derived growth factor, presumably of the endothelium. In
contrast, temsirolimus, an mTOR inhibitor, may perform a more central action in tumor cells
and endothelium by inhibiting multiple functions, including regulation of cell growth,
metabolism, and angiogenesis.

In this era of targeted therapy, individualized care is an important goal in the treatment of
RCC. The identification of subsets of patients who may or may not benefit from these agents
is of critical importance. With the exception of the temsirolimus phase 3 trial,13 which
included any RCC histology, other pivotal phase 3 trials conducted with targeted agents, and
formerly with cytokines, provided a limited characterization of RCC histology, or focused
primarily on the clear-cell component. In addition, none of these trials included a central
pathology review or specified the presence of sarcomatoid features in the tumors. Studies
characterizing histology and immunohistochemical (IHC) expression are necessary to
identify subsets of patients who either respond or are refractory to treatment, and this
information can be used to direct specific drug therapy and guide clinical trial eligibility and
design.

Overall, experience with these new, targeted agents is very limited in sarcomatoid-variant
RCC, a rare and aggressive RCC tumor type. Nanus et al5 reported antitumor activity in
several patients with sarcomatoid-variant RCC who had been treated with the combination
of doxorubicin and gemcitabine chemotherapy. This led to an Eastern Cooperative
Oncology Group phase 2 trial to formally study the regimen.18 More recently, a
retrospective analysis reported objective responses to vascular endothelial growth factor
therapy for sarcomatoid-variant RCC, and concluded that these agents were of value in
treating this subset of patients.19 On account of the activity observed in this report,19 and
earlier studies showing mixed success with chemotherapy and cytokines, we carried out a
retrospective analysis on all patients with sarcomatoid-variant metastatic RCC treated at
Memorial Sloan-Kettering Cancer Center (MSKCC) over an 11-year interval. This report
covers clinical features, treatment outcomes, and survival for patients with sarcomatoid-
variant RCC. In addition, we investigated the IHC expression profile of hypoxia-inducible
and mTOR pathway markers in patients with tumor specimens available for review.
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MATERIALS AND METHODS
Sixty-three patients with metastatic, sarcomatoid-variant RCC, clinically evaluated and
treated at MSKCC between January 1997 and October 2008, were included in this
retrospective study, which was approved by the MSKCC Institutional Review Board. All
patients had findings of sarcomatoid-variant RCC with either clear-cell or nonclear-cell
histology by pathologic review at MSKCC, clinical evaluation showing metastases, and
follow-up data.

Patients were identified from scanning 3 sources: (a) a database of 651 patients with
metastatic RCC treated on a clinical trial, (b) a pathology database of 268 patients with
sarcomatoid-variant RCC between January 1997 and June 2008, and (c) a surgical database
of 2585 patients undergoing nephrectomy between 1997 and 2008.

The starting point for analysis was defined as the date of first treatment for patients treated
on a prospective clinical trial and those treated by standard means outside a clinical trial at
MSKCC. Patients who entered into more than 1 clinical trial were evaluated for this study at
the time of entry into their first MSKCC trial. Patient demographics, clinical features at
study entry, systemic therapy, assessment of response, date of last follow-up, and status
were recorded. Systemic therapy was categorized as “targeted” (sunitinib, sorafenib,
temsirolimus, or everolimus), “cytokine-based” (interferon-α, interleukin 2, or
combination), and “other, ” which included conventional chemotherapy, and miscellaneous
novel agents and therapies. New agents in clinical trials included geldanamycin, bortezomib,
and cetuximab.20–22 One patient was treated with nonmyeloablative allogeneic bone marrow
transplantation on a clinical trial. Data, when available, were obtained for second and third
treatments given at MSKCC. Progression-free survival (PFS) was measured in months from
the start of therapy to the first documentation of objective disease progression or to death
from any cause, whichever occurred first. OS time was measured in months from the start of
therapy to the date of death or last follow-up. Survival distributions were estimated by the
Kaplan-Meier methodology.23 PFS was compared for “sunitinib treatment” versus “other
treatment, ” and “clear cell” versus “nonclear cell” histology using the log-rank test.

Pathology Review and IHC Profile
All pathology materials were reviewed at MSKCC. In a subset of 31 patients with materials
available in pathology files, all hematoxylin and eosin-stained slides (range, 10 to 32;
average 17) were reviewed, and the percentage of the sarcomatoid and necrosis components
in each tumor was estimated. Whenever possible, a representative paraffin block containing
both the epithelial and sarcomatoid components of the tumor was chosen for IHC staining
for each case. IHC staining was carried out on 28 tumors using antibodies against phospho-
S6 (p-S6) and phospho-4E BPI (p-4E BP1) (markers for activated mTOR pathway), and
hypoxia-inducible factor-1α (HIF-1α) and carbonic anhydrase IX (CA-IX) (markers for HIF
pathway). Positivity was graded as zero to 3+ (0=0% to 5%; 1+ =6% to 25%; 2+ =26% to
50%; and 3+ ≥50% tumor cells positive) for p-S6 (cytoplasmic), p-4E BP1 (nuclear and/ or
cytoplasmic), HIF-1α (nuclear), and CA-IX (membranous and cytoplasmic). The
immunoreactivity in each tumor was evaluated for both the epithelial and sarcomatoid
components. As positivity was similar in both the components as reported earlier,24 final
grading was assigned by averaging the results in both areas. The location of
immunoreactivity, whether around foci of necrosis (perinecrotic) or more diffuse, was also
noted.
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RESULTS
Patient Characteristics

The median age of study patients was 60 years. Sixty patients (95%) had their primary
tumor resected by nephrectomy. There were a relatively high proportion of patients with
lung, lymph node, and bone metastases. Fifty patients (79%) had ≥3 metastatic sites. RCC
subtypes included 47 clear-cell tumors (75%) and 16 nonclear-cell tumors (25%). The
nonclear-cell tumors consisted of 4 papillary, 5 chromophobe, 1 collecting duct, and 6
unclassified cell types (Table 1).

Treatment and Response
Thirty-four patients (54%) received targeted therapy as the first treatment at MSKCC. In
most instances, the drug was sunitinib (n=29, 46% patients), but 3 patients were treated with
sorafenib and 2 patients with temsirolimus. Twenty patients (32%) received cytokine
therapy including interferon (19 patients) and interleukin-2 (1 patient). Nine patients (14%)
received miscellaneous therapies, including gemcitabine or novel agents/programs in
clinical trials.

All patients were evaluable for response to initial treatment. Five patients (8%) achieved
objective responses; 4 partial responses (PRs) were observed to sunitinib therapy and 1 PR
to interferon therapy (Table 2). Thirty patients achieved stable disease (SD) (18 to targeted
therapies, 8 to cytokine therapies, and 4 to other therapies) as their best response. Twenty-
eight patients had progression of disease as their initial response.

Responses were recorded for 31 patients who received a second treatment at MSKCC. In
this group, 19 patients (61%) received targeted therapy: 5 with sunitinib, 6 with sorafenib, 5
with temsirolimus, 2 with everolimus, and 1 with bevacizumab. Two patients achieved
objective responses. One complete response was observed with sunitinib therapy and 1 PR
was achieved with temsirolimus therapy. SD as best response was achieved in 7 patients
treated with targeted agents: 3 with sorafenib, 1 with temsirolimus, 2 with everolimus, and 1
with bevacizumab therapy. An additional patient treated with gemcitabine+docetaxel and 1
patient treated with lenalidomide achieved SD as their best response.

Overall, 34 patients were treated with sunitinib as first-line or second-line therapy. Complete
response was observed in 1 (3%), PR in 4 (12%), and SD in 17 (50%) of the 34 patients
treated with sunitinib as first-line or second-line treatment. For the 5 patients with objective
(complete or partial) responses, the median response duration was 7 months (range, 3 to 16
mo). Overall, 7 patients were treated with temsirolimus as first-line or second-line therapy;
best response was a PR in 1 patient, SD in 1 patient, with progression in 5 patients.

PFS and OS were assessed in the 63 patients from start of the first therapy at MSKCC. The
median PFS was 3 months [95% confidence interval (CI), 2–4; Fig. 1]. PFS was compared
by selected features including sunitinib therapy (given as first therapy, yes or no), histology
(clear cell vs. nonclear cell), and MSKCC risk group (favorable/intermediate/poor).
Differences in PFS were observed based on first therapy (sunitinib vs. all other therapies)
and histology (clear cell vs. nonclear cell; Figs. 2A, B). The median PFS for patients treated
with sunitinib was 4.4 months (95% CI, 2.2–6.7) versus 2 months (95% CI, 1.7–2.7) for all
other therapies (P=0.03; Fig. 2A). The median PFS for patients with clear-cell histology was
3 months (95% CI, 2.3–4.5) versus 1.6 months (95% CI, 1.0–2.1) for nonclear-cell histology
(P=0.004; Fig. 2B). No difference in PFS was observed according to the MSKCC risk group
distribution.
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At the time of analysis, 49 of the 63 patients had died, 12 remained alive with disease, and 2
were alive at last follow-up. The median follow-up for survivors was 11 months (range, 2 to
86 mo). Median OS for the entire group was 10 months (95% CI, 8–12; Fig. 3). There was
no difference in survival based on sunitinib therapy, histology, or MSKCC risk group.
Median survival was 11.3 months in the favorable-risk group, 8.1 months in the
intermediate-risk group, and 7.6 months in the poor-risk group (P=0.29).

Pathology Review and Immunohistochemistry Staining
Tissue was available for review in 31 patients (49%). The median sarcomatoid content in the
tumors was 20% (range, 2% to 100%). An association between the percentage of
sarcomatoid and PFS or OS could not be identified.

Paraffin blocks were available for IHC staining in 28 patients (44%) (Table 3). Most of the
clear-cell sarcomatoid RCC samples overexpressed (2+ or 3+) CA9 (87%), HIF-1α (61%),
p-4E BP1 (54%), and p-S6 (72%); but no significant relationships could be detected
between overexpression and outcome. Nonclear-cell sarcomatoid RCC samples did not
overexpress these markers.

DISCUSSION
The results of this study showed that metastatic sarcomatoid-variant RCC is associated with
a poor outcome to systemic therapy. Our findings are consistent with the recent report citing
occasional responses to sunitinib-targeted therapy, in which the estimated median PFS and
OS were 5.3 and 11.8 months, respectively. Larger prospective trials have reported response
rates of 30% to 50% with a median PFS of 8 and 11 months in metastatic, clear-cell
RCC.12,26,27 The retrospective analysis of Golshayan et al,19 and our own experience,
suggests that the robust response and PFS associated with sunitinib diminishes in the subset
of patients with sarcomatoid features. Limitations of both reports include their retrospective
nature, single-center experience, the small number of patients, and the inclusion of patients
with nonclear-cell RCC histologies. Study of a larger number of patients with sarcomatoid-
variant clear-cell RCC in a prospective manner is required.

A phase 3 trial of temsirolimus versus interferon showed survival benefit for patients with
“poor prognosis” features.13 The trial allowed accrual for “clear cell” and “other” cell types.
Although central pathology review was not available, and further discrimination of “other”
cell types was not made, some of these would have likely been “sarcomatoid” RCC. In our
series, we observed 1 patient with a PR to temsirolimus and a relatively high level of
overexpression of mTOR pathway markers in the IHC staining of patients with sarcomatoid-
variant clear-cell RCC. Clinical trials with temsirolimus and everolimus are warranted to
further define activity in patients with sarcomatoid-variant RCC and nonclear-cell
histologies.

Chemotherapy has been studied extensively in metastatic RCC, with no agent showing clear
evidence of clinical benefit. However, 1 series of patients with various “poor prognosis” cell
types treated outside a clinical trial has reported responses to combination doxorubicin and
gemcitabine cytotoxic chemotherapy. This led to an Eastern Cooperative Oncology Group
prospective, multicenter trial using this chemotherapy combination in a similar spectrum of
RCC histologies, all containing sarcomatoid features. A response rate of 16% was reported,
and the median PFS was 3.5 months.18 Data from this study point to modest activity in
patients with sarcomatoid-variant RCC.28,29 Two ongoing phase 2 trials (NCT 00556049
and 00496587) are also currently studying combinations of chemotherapy and sunitinib in
patients with sarcomatoid-variant metastatic RCC.
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There is a need to explore novel therapeutic agents in prospective clinical trials directed at
sarcomatoid-variant and other poor prognostic subsets of patients with RCC. Outside the
context of a clinical trial, in general practice, we offer vascular endothelial growth factor-
targeted therapy (ie, sunitinib, sorafenib, or bevacizumab) in treating patients with
metastatic sarcomatoid RCC and an underlying clear-cell component. Temsirolimus has
improved survival in metastatic RCC with poor prognostic features regardless of specific
RCC histology.13 We hypothesize that some patients in the temsirolimus phase 3 trial had
sarcomatoid features.

The diagnosis of sarcomatoid-variant RCC is made by review of tumor morphology and
appropriate IHC staining. Investigation into the molecular signature of the sarcomatoid-
variant may clarify the mechanisms of RCC resistance and provide new therapeutic targets.
In our study, most clear-cell sarcomatoid-variant RCC overexpressed CA9, HIF-1α, p-4E
BP1, and p-S6. The overexpression of markers for the mTOR activation pathway is
intriguing, as this has been associated with a poor prognosis phenotype and clinical response
to mTOR inhibitor systemic therapy.30

CONCLUSIONS
In summary, although sunitinib resulted in a modest response rate, metastatic sarcomatoid-
variant RCC responds poorly to systemic therapy. Studies to characterize the underlying
tumor biology of sarcomatoid RCC, to assess outcomes using targeted agents, and to
develop novel treatment strategies are warranted in this unusual, aggressive RCC phenotype.
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FIGURE 1.
Progression-free survival. CI indicates confidence interval.
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FIGURE 2.
A, Progression-free survival by treatment. B, Progression-free survival by histology.
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FIGURE 3.
Overall survival. CI indicates confidence interval.
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TABLE 1

Patient Characteristics (N=63)

Characteristic No. Patients %

Sex

   Male 41 65

   Female 22 35

Age (y)

   Median (range) 60 (31–81)

Race

   White non-Hispanic 56 89

   Black non-Hispanic 3 5

   Other 4 6

Earlier nephrectomy 60 95

No. metastatic sites

   1 1 2

   2 12 19

   3 25 40

   ≥4 25 40

Sites of metastatic disease

   Lung 51 81

   Mediastinum 16 25

   Retroperitoneum lymph nodes 23 37

   Bone 26 41

   Liver 19 30

   Brain 6 10

   Lymph nodes 36 57

   Other 34 54

Histology subtype

   Clear cell 47 75

   Papillary 4 6

   Chromophobe 5 8

   Collecting duct 1 2

   Unclassified 6 10

Baseline values, median (range)

   KPS 80 (60–100)

   LDH 154 (91–320)

   Hemoglobin 12.3 (7.8–14.9)

   Albumin 4.2 (2.8–4.9)

   Corrected calcium 8.9 (7.3–12.0)

MSKCC risk group25

   Favorable 23 37

   Intermediate 37 59
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Characteristic No. Patients %

   Poor 3 5

PS indicates Karnofsky performance status; LDH, lactate dehydrogenase; MSKCC, Memorial Sloan-Kettering Cancer Center.
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TABLE 2

First Systemic Treatment and Response*

Treatment No. (%) PR, No. (%) SD, No. (%) POD, No. (%)

Targeted 34 (54) 4 (12) 18 (53) 12 (35)

   Sunitinib† 29 (46) 4 17 8

   Sorafenib 3 (5) 0 1 2

   Temsirolimus 2 (3) 0 0 2

Cytokine based 20 (32) 1 (5) 8 (40) 11 (55)

   Interferon 19 (30) 1 7 11

   Interleukin-2 1 (2) 0 1 0

Other 9 (14) 0 (0) 4 (44) 5 (55)

   Geldanamycin 1 (2) 0 1 0

   Cetuximab 2 (5) 0 0 2

   Mini-Allo‡ 1 (2) 0 1 0

   Bortezomib 4 (6) 0 1 3

   Gemcitabine 1 (2) 0 1 0

Response total 5 (8) 30 (48) 28 (44)

POD indicates progression of disease; PR, partial response; SD, stable disease.

*
On the basis initial evaluation at MSKCC.

†
In combination with gefitinib, bevacizumab, or interferon.

‡
Nonmyeloablative allogeneic bone marrow transplant.
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