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Abstract

Background

High-dose interleukin-2 (HD IL-2) is used in the treatment of metastatic renal cell carcinoma

(mRCC) and has an overall response rate (ORR) of 12–20% and a complete response rate

(CR) of 8% in unselected populations with predominantly clear cell type renal cell carci-

noma. Nearly 10–15% of patients with renal cell carcinoma exhibit sarcomatoid differentia-

tion, a feature which correlates with a median overall survival (OS) of 9 months and overall

poor prognosis. We report a single institution experience with 21 patients with mRCC with

sarcomatoid features post-nephrectomy who were treated with HD IL-2.

Methods

Twenty one patients with mRCC with sarcomatoid features post-nephrectomy who under-

went therapy with HD IL-2 were identified at the University of Pittsburgh Medical Center

from 2004 to 2016. Baseline patient characteristics, HD IL-2 cycles, time to progression,

and subsequent therapies were evaluated. OS and progression-free survival (PFS) in the

cohort were calculated using the Kaplan-Meier method. Disease characteristics were evalu-

ated for significance using the Fischer0s exact test and Wilcoxon rank sum test.

Results

Patients were predominantly Caucasian males with a median age of 54 years. A majority,

86% of these patients, had metastatic disease at time of initial presentation, primarily with

lung and lymph node involvement. The ORR and CR with HD IL-2 was 10% and 5%, respec-

tively. Initial localized disease presentation is the only variable that was significantly associ-

ated with response to HD IL-2 (p = 0.0158). Number of HD IL-2 doses did not correlate with

response with a mean of 16.5 and 15.0 total doses in responders and non-responders,

respectively (p = 0.53). Median PFS with HD IL-2 was 7.9 months (95% CI, 5.0–21.3).
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Median OS was 30.5 months (95% CI 13.3–57.66). Within the subset of patients who had

progression on IL-2, median OS was 19.4 months (95% CI, 13.3–35.3). In patients who

received second-line therapy, median PFS was 7.9 months (95% CI 2.4–10.2).

Conclusion

In patients with mRCC with sarcomatoid features, use of HD IL-2 was associated with a

modest ORR and a higher survival compared to historical controls (patients with mRCC and

sarcomatoid features). Thus, HD IL-2 may have a role in treating selected patients with

mRCC with sarcomatoid features.

Introduction

Renal cell carcinomas (RCC) are classified into histological subtypes with the clear cell subtype

representing 75–85% of all RCC. Sarcomatoid RCC is a distinct subtype that is defined by

highly pleomorphic spindle cells along with cells that are typical of RCC. The reported inci-

dence of the sarcomatoid type is between 0.7% to 13.2% of all renal carcinomas [1, 2]. The sar-

comatoid subtype is clinically more aggressive, presents more commonly as metastatic disease,

and is associated with a worse prognosis than other pathologic subtypes of RCC [1]. It is char-

acterized by a relatively high incidence of lung and bone metastases at presentation [3]. The

median overall survival (OS) for patients with sarcomatoid differentiation is 3 to 10 months

from diagnosis based on prior studies [2, 3]. A higher proportion of sarcomatoid differentia-

tion in the sample is generally associated with worse survival.

The use of high-dose interleukin-2 (HD IL-2) for RCC was introduced in the mid-1980s.

Based on animal models, a regimen was developed whereby an intravenous (IV) infusion is

administered every 8 hours for a maximum of 14 doses. It was evaluated in a phase II trial of

255 patients over 21 institutions [4]. The median OS for these patients was 16.3 months, but

notably this was in the era prior to tyrosine kinase inhibitors (TKIs) [4]. The objective overall

response rate (ORR) was 14% (CI: 10%-19%) with 5% complete response rate (CR) and a 9%

partial response rate (PR) [4]. The median duration of the partial responses (PR) was 25.3

months, and the median duration of the CRs was not reached [5]. In a subsequent phase III

study of HD IL-2 the ORR was as high as 23.2%, with 8.4% CRs [6].

Prognostic factors that are associated with a response to HD IL-2 include a low Memorial

Sloan Kettering Cancer Center (MSKCC) score, higher baseline weight, and a lack of prior

immunotherapy. There is also a weak trend toward higher response rate in patients who have

had a nephrectomy [7]. Sarcomatoid differentiation has been shown to be associated with an

82% increased risk of cancer-specific death, with each 10% increase in the amount of sarcoma-

toid differentiation associated with a 7% increased risk of death from RCC [8]. The University

of California Los Angeles (UCLA) developed a unique algorithm to predict patient survival

after nephrectomy and HD IL-2 therapy called Survival After Nephrectomy and Interleukin-2

Immunotherapy (SANI). The authors incorporated the presence of sarcomatoid features as an

important poor-risk variable in the UCLA SANI score. The twenty patients with sarcomatoid

features had an approximately two-fold higher risk of death despite surgical resection and HD

IL-2 therapy compared to patients with clear cell histology [9].

The HD IL-2 “SELECT” Trial is a prospective trial conducted by the Cytokine Working

Group (CWG) that evaluated whether a predictive model could determine responsiveness to

HD IL-2 in patients with metastatic RCC (mRCC) [10]. The MSKCC risk score was not found
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to be associated with ORR. The UCLA SANI score accounts for sites of metastatic disease, the

presence of sarcomatoid features and TSH level. In patients with a high UCLA SANI score,

there were no objective responses to HD IL-2, and there was a significantly worse PFS. How-

ever, this study does not specifically detail the response of patients with sarcomatoid histology

to HD IL-2, although these features are incorporated into the UCLA SANI score.

Patients with mRCC with sarcomatoid features also respond poorly to VEGF-targeted ther-

apy, which is usually used for the first-line therapy of clear cell type RCC. A retrospective

study that consisted of 43 patients with metastatic sarcomatoid RCC who received VEGF-tar-

geted therapy showed that progression free survival (PFS) was much longer in patients who

had non-sarcomatoid RCC compared to those with sarcomatoid RCC (16.3 months vs 6.2

months; p< 0.001) [3]. The ORR was 50% in those with non-sarcomatoid RCC compared to

25% in those with sarcomatoid RCC (p = 0.02) [3]. Responses were only seen in those patients

who had<20% sarcomatoid differentiation [3]. Studies utilizing HD IL-2 have been exten-

sively published, however, there have been few series that have specifically evaluated the

impact of sarcomatoid differentiation on response to HD IL-2. Usually, these studies have

lumped patients with sarcomatoid features into a bigger non-clear cell type histology, which

also includes patients with papillary and collecting duct carcinomas. Overall, there is no stan-

dard of care for the management of the sarcomatoid variant of RCC, and it is managed in an

identical fashion to clear cell RCC.

In this retrospective study, we evaluate the response rates of patients with metastatic RCC

and sarcomatoid differentiation to treatment with HD IL-2.

Materials and methods

Patients with metastatic renal cell carcinoma who were treated with HD IL-2 at the University

of Pittsburgh Medical Center from June 1994 to December 2016. The University of Pittsburgh

Institutional Review Board (IRB) reviewed and approved this study under the designation of

minimal risk (IRB#: PRO16070593). The patients’ pathology reports were retrospectively

reviewed in order to identify patients with sarcomatoid differentiation. A total of 21 such

patients were identified. Information, whenever available, was collected on demographics, as

well as disease characteristics including sites of metastatic disease, and MSKCC score. Treat-

ment information was also collected including the number of cycles of HD IL-2, responses,

and prior and subsequent lines of treatment.

Overall survival was defined as the time from date of metastatic disease to date of last follow

up or death. PFS on HD IL-2 was calculated based on the date of development of metastatic

disease to the date of progression after HD IL-2, or the date of the last follow-up if the patient

did not have progression. PFS to second line treatment was calculated based on the date of

progression on HD IL-2 to the date of progression on second line therapy, or the date of the

last follow-up if the patient did not have progression. The survival data were analyzed with the

Kaplan Meier methods. Median survival and its 95% confidence interval was calculated.

The association of response to HD IL-2 with other variables was studied with the two-sided

two sample t-test. The association of response to second line therapy with other variables was

studied with the same method. The association of survival endpoints with other variables was

analyzed with the univariate Cox proportional hazards model.

All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc. Cary, NC).

Results

A total of 147 patients with metastatic renal cell carcinoma who were treated with HD IL-2 at

the University of Pittsburgh Medical Center between June 1994 and December 2016 were
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identified. Of these, 21 patients were identified as having sarcomatoid RCC and were treated

with HD IL-2 between March 2005 and December 2016.

The patients included were predominantly male (67%). All were Caucasian with a median

age of 54 years. A majority (86%) of patients presented with metastatic disease, and all the

patients had a nephrectomy at the time of diagnosis. The most common site of metastatic dis-

ease at presentation was the lungs (87%), lymph nodes (43%), followed by adrenal and hepatic

metastases (14% each). More than half the patients (57%) were smokers, and 81% of the

patients had not received any systemic treatment modalities prior to HD IL-2 (Table 1). Two

patients had received sorafenib prior to HD IL-2, and one patient had received sorafenib with

the addition of procarbazine, CCNU, and vincristine on a clinical study. The fourth patient

had received pazopanib and pembrolizumab on a clinical study prior to treatment with HD

IL-2. Only this fourth patient received subsequent treatment following HD IL-2. The patient

went on to receive cabozantinib and responded to this for 9 months prior to progressing. The

patient is currently responding to a combination of lenvatinib and everolimus.

One of these patients discontinued HD IL-2 after the first cycle and did not have a docu-

mented response to treatment, so the patient was excluded from further analysis.

The ORR was 10% (90% CI: 2%-28%), with a 5% CR (90% CI: 0%-22%) and a 5% PR (90%

CI: 0%-22%). Among the patients who responded to HD IL-2, the mean number of doses

received was 16.2, while in the patients who did not respond, the mean was 15. The total num-

ber of doses did not have a significant effect on response, with a p-value of 0.5275 by Wilcoxon

rank-sum test (Table 2). Of all the variables collected, only presentation with localized disease

had a significant association with response to treatment (p = 0.0158; Table 2). This is consis-

tent with time from diagnosis to treatment of greater than one year, which is a part of both

MSKCC and Heng risk criteria to evaluate prognosis in this patient population.

Following progression on HD IL-2, 15% of patients responded to second line treatment.

Second line treatment was with sunitinib in 61% of patients, pazopanib in 11%, sorafenib in

5%, and axitinib in 5%. In our study population, 62% of the patients died and the median OS

was 30.5 months (95% CI: 13.3, 57.66), as depicted in Fig 1. Among the patients who did not

respond to HD IL-2, 72% of the patients died with a median OS of 19.4 months (95% CI: 13.3,

35.3).

The median PFS after treatment with HD IL-2 was 7.9 months (95% CI: 5, 21.3). In the

patients who received second line treatment, the median PFS with TKIs was 7.9 months (95%

CI: 2.4, 10.2).

Discussion

This paper describes the largest retrospective review of patients with sarcomatoid RCC who

have been treated with HD IL-2. Sarcomatoid RCC has a worse prognosis than the other sub-

types of RCC, and the prognosis is inversely correlated to the proportion of sarcomatoid his-

tology in the tumor.

In a large review of 2000 patients with RCC, the incidence of a sarcomatoid subtype RCC

was 5%. Survival rates at 2-years for patients with clear cell, papillary, and chromophobe RCC

with a sarcomatoid component was 32.9%, 40%, and 27.8% respectively compared to 82.1%,

94.6% and 95.3% in those histologic subtypes without a sarcomatoid component [11]. Median

OS in patients with sarcomatoid features in spite of aggressive surgery and systemic therapy

was approximately 8 months [11].

Prior characterization of histologic features that are associated with tumor response to IL-2,

showed that in patients with conventional renal cell carcinoma 21% (30/146 patients) respond

to IL-2, whereas in non-clear cell subtypes, only 6% (1/17 patients) respond to IL-2 [12].

HD IL-2 in sarcomatoid renal cell carcinoma
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Table 1. Patient characteristics (N = 21).

Characteristic Number

Sex F 7 (33%)

M 14 (67%)

Race white 21 (100%)

Age (at dx) Mean 54.1

Median 54.0

Standard deviation 6.5

Range 45.0–66.0

Laterality (L/R) Left 8 (38%)

Right 13 (62%)

Presentation (local/systemic) Local 3 (14%)

Systemic 18 (86%)

Nephrectomy No 0 (0%)

Yes 21 (100%)

Metastases at the time of Nephrectomy (Y/N) No 1 (5%)

Site of metastatic disease Yes 20 (95%)

Adrenal No 18 (86%)

Yes 3 (14%)

Lung No 3 (14%)

Yes 18 (86%)

Liver No 18 (86%)

Yes 3 (14%)

LN No 12 (57%)

Yes 9 (43%)

Bone No 20 (95%)

Yes 1 (5%)

CNS No 20 (95%)

Yes 1 (5%)

MSKCC Score 0 (Good) 1 (5%)

1–2 (Intermediate) 16 (80%)

�3 (High) 3 (15%)

Mean 1.6

Median 1.0

Standard deviation 0.8

Range 0–3.0

Smoking (y/n) No 9 (43%)

Yes 12 (57%)

Tx Before IL-2 None 17 (81%)

Pembro+Pazopanib trial 1 (5%)

Sorafenib 2 (10%)

Sorafenib, PCV 1 (5%)

% Sarcomatoid Features Mean 17% (N = 10)

Unknown 11 (52%)

<20% 7 (33%)

�20% 3 (14%)

Median 10%

Standard deviation 20.5%

https://doi.org/10.1371/journal.pone.0190084.t001
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Granular features were associated with a significantly poorer response to IL-2. The presence

and proportion of rhabdoid and sarcomatoid subtypes did not show an association with

response to IL-2 [12]. The presence of sarcomatoid components in clear cell RCC, chromo-

phobe RCC, and papillary RCC was associated with a statistically significant increased risk of

death [13].

Table 2. Variables associated with response to HD IL-2.

Responders to HD IL-2 Non-responders to HD IL-2 p-value

Sex (F) 1/2 (50%) 6/18 (33%) 1.0000 with Fisher’s exact test

Age (at dx) Mean±SD:

55.0±14.1 (n = 2)

Mean±SD:

54.1±6.1 (n = 18)

0.9497 with Wilcoxon rank sum test

Presentation (local) 2/2 (100%) 1/18 (6%) 0.0158 with Fisher’s exact test

MSKCC Score Mean±SD:

0.5±0.7 (n = 2)

Mean±SD:

1.7±0.8 (n = 17)

0.0734 with Wilcoxon rank sum test

Smoker 2/2 (100%) 9/18 (50%) 0.4789 with Fisher’s exact test

https://doi.org/10.1371/journal.pone.0190084.t002

Fig 1. Kaplan-Meier survival curve showing the overall survival of the entire patient cohort.

https://doi.org/10.1371/journal.pone.0190084.g001
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The HD IL-2 “SELECT” evaluated whether the UCLA SANI score, a predictive model

which accounts for sarcomatoid histology, could determine responsiveness to HD IL-2 in

patients with mRCC [10]. They found that in patients with a high UCLA SANI score, there

were no objective responses to HD IL-2, and there was a significantly worse PFS. However,

this study does not specifically detail the response of patients with sarcomatoid histology to

HD IL-2, although these features are incorporated into the UCLA SANI score. Also, only five

of 120 patients had non-clear cell histology of various types [10]. This is also seen in other stud-

ies, where patients with sarcomatoid histology have been combined with other non-clear cell

variants in statistical analysis. In a small retrospective review of 31 patients with sarcomatoid

histology, 9 patients received HD IL-2 [1]. In this patient group, the median survival had not

been reached with a median follow up of 10.4 months. 2 patients had partial responses, and no

complete responses were seen. There was no correlation between response and percentage of

sarcomatoid tumor.

In the largest cohort of patients with sarcomatoid histology, 2,286 patients were analyzed

retrospectively [14]. The time from original diagnosis to relapse in sarcomatoid patients was

18.8 months compared to 42.9 months in patients without sarcomatoid features. 21% of

patients with sarcomatoid RCC responded to treatment with VEGF inhibitors compared with

26% of patients with non-sarcomatoid RCC. The median OS for sarcomatoid patients was 10.4

months compared to 22.5 months in non-sarcomatoid patients [14].

In order to evaluate the response of patients with sarcomatoid features to therapeutic

options, a phase II study of sunitinib and gemcitabine in sarcomatoid and poor risk patients

with mRCC was completed [15]. There were a total of 72 patients, and the ORR was 26% for

patients with sarcomatoid RCC. Median OS was 10 months for patients with sarcomatoid

RCC. There are also a number of clinical trials underway, as described in Table 3.

In concordance with the literature we found that the highest incidence of metastases in our

patient population was lung metastases seen in nearly 87% of patients studied. In our popula-

tion, however, the median OS in patients who did not respond to HD IL-2 was 19.4 months,

which is double the OS described in the literature [2, 3]. This may be confounded by the fact

that new treatment options have been made recently available including the checkpoint inhibi-

tors as well as the TKIs, cabozantinib and lenvatinib.

The ORR to HD IL-2 was 10%, with a 5% CR and a 5% PR which is similar to the rates pre-

viously reported. Unfortunately given the small number of patients, we are unable to deter-

mine if there is a higher response rate and duration of response to VEGF-TKIs following

treatment with HD IL-2.

In the “SELECT” study, they evaluated tumors for programmed death-ligand 1 (PD-L1)

expression by immunohistochemistry [10]. Eighteen of the tumors were determined to express

PD-L1, although it is not reported which histological subtype these tumors belonged to. They

found that response to HD IL-2 correlated positively with tumor expression of PD-L1

(p = 0.01), and that durable remissions also correlated with PD-L1 expression (p< 0.01).

PD-L1 expression has been evaluated in RCC with and without sarcomatoid differentiation. In

a published series, PD-L1 expression was identified in 17% of clear cell RCC, and 54% of RCC

Table 3. Ongoing clinical trials evaluating treatment options for sarcomatoid RCC.

Clinical Trial Description

NCT01767636 Phase II Efficacy Trial of Pazopanib in Non-clear Cell Metastatic Renal Cell Cancer

NCT01164228 Randomized Phase II Trial of Sunitinib and Gemcitabine or Sunitinib Alone in Advanced

Renal Cell Carcinoma with Sarcomatoid Features

NCT00126503 A Phase I/II Trial of Sorafenib with Bevacizumab in Patients with Advanced Renal Cancer

https://doi.org/10.1371/journal.pone.0190084.t003
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with sarcomatoid differentiation [16]. Interestingly, it has been suggested that tumors that

have expression of PD-L1 are less likely to respond to VEGF-TKIs. Checkpoint blockade has

shown promising results in the treatment of mRCC, and given that sarcomatoid tumors have

high expression of PD-L1 this suggests that the responses may be seen in patients with sarco-

matoid histology.

Limited evidence exists for the use of checkpoint inhibitors in the sarcomatoid subtype of

RCC. The late-phase studies with nivolumab excluded patients with non-clear cell type histol-

ogy [17, 18]. In a phase I study with atezolizumab, the ORR for patients with Fuhrman grade 4

disease or sarcomatoid features (n = 18) was an impressive 22%. However, the number of

patients with and extent of sarcomatoid differentiation was not reported [19]. There have been

case reports of patients with RCC with sarcomatoid features with a rapid response to nivolu-

mab [20]. However, more studies need to be performed to evaluate the response of checkpoint

inhibitors in non-clear cell type histology. Checkpoint inhibitors and HD IL-2 are associated

with a high financial burden. With HD IL-2, this cost is usually related to inpatient stay requir-

ing specialized care, as well as potential intensive care unit management secondary to toxici-

ties. With the use of checkpoint inhibitors, the cost is composed of the agent, as well as the

duration of therapy, the extent of which has not yet been clearly defined in prospective studies.

Our study was limited by the overall number of patients, as well as its retrospective nature

which led to some missing data. Importantly, our study provides some insight that despite the

worse prognosis that sarcomatoid differentiation confers, these patients do still respond to HD

IL-2 treatment. HD IL-2 should remain an option for otherwise healthy, young patients with

excellent performance status who have sarcomatoid RCC.

Author Contributions

Data curation: Tala Achkar, Ananth Arjunan, Melissa Saul, Leonard J. Appleman, David

Friedland.

Formal analysis: Hong Wang.

Methodology: Melissa Saul, Diwakar Davar, Rahul A. Parikh.

Supervision: Rahul A. Parikh.

Writing – original draft: Tala Achkar.

Writing – review & editing: Tala Achkar, Rahul A. Parikh.

References
1. Cangiano T, Liao J, Naitoh J, Dorey F, Figlin R, Belldegrun A. Sarcomatoid renal cell carcinoma: bio-

logic behavior, prognosis, and response to combined surgical resection and immunotherapy. J Clin

Oncol. 1999; 17(2):523–8. https://doi.org/10.1200/JCO.1999.17.2.523 PMID: 10080595.

2. Shuch B, Bratslavsky G, Linehan WM, Srinivasan R. Sarcomatoid renal cell carcinoma: a comprehen-

sive review of the biology and current treatment strategies. Oncologist. 2012; 17(1):46–54. https://doi.

org/10.1634/theoncologist.2011-0227 PMID: 22234634.

3. Golshayan AR, George S, Heng DY, Elson P, Wood LS, Mekhail TM, et al. Metastatic sarcomatoid

renal cell carcinoma treated with vascular endothelial growth factor-targeted therapy. J Clin Oncol.

2009; 27(2):235–41. https://doi.org/10.1200/JCO.2008.18.0000 PMID: 19064974.

4. Fyfe G, Fisher RI, Rosenberg SA, Sznol M, Parkinson DR, Louie AC. Results of treatment of 255

patients with metastatic renal cell carcinoma who received high-dose recombinant interleukin-2 therapy.

J Clin Oncol. 1995; 13(3):688–96. https://doi.org/10.1200/JCO.1995.13.3.688 PMID: 7884429.

5. Fyfe GA, Fisher RI, Rosenberg SA, Sznol M, Parkinson DR, Louie AC. Long-term response data for

255 patients with metastatic renal cell carcinoma treated with high-dose recombinant interleukin-2 ther-

apy. J Clin Oncol. 1996; 14(8):2410–1. https://doi.org/10.1200/JCO.1996.14.8.2410 PMID: 8708739.

HD IL-2 in sarcomatoid renal cell carcinoma

PLOS ONE | https://doi.org/10.1371/journal.pone.0190084 December 20, 2017 8 / 9

https://doi.org/10.1200/JCO.1999.17.2.523
http://www.ncbi.nlm.nih.gov/pubmed/10080595
https://doi.org/10.1634/theoncologist.2011-0227
https://doi.org/10.1634/theoncologist.2011-0227
http://www.ncbi.nlm.nih.gov/pubmed/22234634
https://doi.org/10.1200/JCO.2008.18.0000
http://www.ncbi.nlm.nih.gov/pubmed/19064974
https://doi.org/10.1200/JCO.1995.13.3.688
http://www.ncbi.nlm.nih.gov/pubmed/7884429
https://doi.org/10.1200/JCO.1996.14.8.2410
http://www.ncbi.nlm.nih.gov/pubmed/8708739
https://doi.org/10.1371/journal.pone.0190084


6. McDermott DF, Regan MM, Clark JI, Flaherty LE, Weiss GR, Logan TF, et al. Randomized phase III

trial of high-dose interleukin-2 versus subcutaneous interleukin-2 and interferon in patients with meta-

static renal cell carcinoma. J Clin Oncol. 2005; 23(1):133–41. https://doi.org/10.1200/JCO.2005.03.206

PMID: 15625368.

7. Klapper JA, Downey SG, Smith FO, Yang JC, Hughes MS, Kammula US, et al. High-dose interleukin-2

for the treatment of metastatic renal cell carcinoma: a retrospective analysis of response and survival in

patients treated in the surgery branch at the National Cancer Institute between 1986 and 2006. Cancer.

2008; 113(2):293–301. https://doi.org/10.1002/cncr.23552 PMID: 18457330.

8. Zhang BY, Thompson RH, Lohse CM, Leibovich BC, Boorjian SA, Cheville JC, et al. A novel prognostic

model for patients with sarcomatoid renal cell carcinoma. BJU Int. 2015; 115(3):405–11. https://doi.org/

10.1111/bju.12781 PMID: 24730416.

9. Leibovich BC, Han KR, Bui MH, Pantuck AJ, Dorey FJ, Figlin RA, et al. Scoring algorithm to predict sur-

vival after nephrectomy and immunotherapy in patients with metastatic renal cell carcinoma: a stratifica-

tion tool for prospective clinical trials. Cancer. 2003; 98(12):2566–75. Epub 2003/12/12. https://doi.org/

10.1002/cncr.11851 PMID: 14669275.

10. McDermott DF, Cheng SC, Signoretti S, Margolin KA, Clark JI, Sosman JA, et al. The high-dose alde-

sleukin "select" trial: a trial to prospectively validate predictive models of response to treatment in

patients with metastatic renal cell carcinoma. Clin Cancer Res. 2015; 21(3):561–8. Epub 2014/11/27.

https://doi.org/10.1158/1078-0432.CCR-14-1520 PMID: 25424850.

11. Cheville JC, Lohse CM, Zincke H, Weaver AL, Leibovich BC, Frank I, et al. Sarcomatoid renal cell carci-

noma: an examination of underlying histologic subtype and an analysis of associations with patient out-

come. Am J Surg Pathol. 2004; 28(4):435–41. PMID: 15087662.

12. Upton MP, Parker RA, Youmans A, McDermott DF, Atkins MB. Histologic predictors of renal cell carci-

noma response to interleukin-2-based therapy. J Immunother. 2005; 28(5):488–95. PMID: 16113605.

13. Cheville JC, Lohse CM, Zincke H, Weaver AL, Blute ML. Comparisons of outcome and prognostic fea-

tures among histologic subtypes of renal cell carcinoma. Am J Surg Pathol. 2003; 27(5):612–24. PMID:

12717246.

14. Chittoria N. ea. Outcome of metastatic sarcomatoid renal cell carcinoma (sRCC): Results from the Inter-

national mRCC Database Consortium. Journal of Clinical Oncology. 2013; 31(no. 15_suppl): 4565-.

15. Michaelson MD, McKay RR, Werner L, Atkins MB, Van Allen EM, Olivier KM, et al. Phase 2 trial of suni-

tinib and gemcitabine in patients with sarcomatoid and/or poor-risk metastatic renal cell carcinoma.

Cancer. 2015; 121(19):3435–43. https://doi.org/10.1002/cncr.29503 PMID: 26058385.

16. Joseph RW, Millis SZ, Carballido EM, Bryant D, Gatalica Z, Reddy S, et al. PD-1 and PD-L1 Expression

in Renal Cell Carcinoma with Sarcomatoid Differentiation. Cancer Immunol Res. 2015; 3(12):1303–7.

Epub 2015/08/27. https://doi.org/10.1158/2326-6066.CIR-15-0150 PMID: 26307625.

17. Motzer RJ, Escudier B, McDermott DF, George S, Hammers HJ, Srinivas S, et al. Nivolumab versus

Everolimus in Advanced Renal-Cell Carcinoma. N Engl J Med. 2015; 373(19):1803–13. Epub 2015/09/

26. https://doi.org/10.1056/NEJMoa1510665 PMID: 26406148.

18. Motzer RJ, Rini BI, McDermott DF, Redman BG, Kuzel TM, Harrison MR, et al. Nivolumab for Meta-

static Renal Cell Carcinoma: Results of a Randomized Phase II Trial. J Clin Oncol. 2015; 33(13):1430–

7. Epub 2014/12/03. https://doi.org/10.1200/JCO.2014.59.0703 PMID: 25452452.

19. McDermott DF, Sosman JA, Sznol M, Massard C, Gordon MS, Hamid O, et al. Atezolizumab, an Anti-

Programmed Death-Ligand 1 Antibody, in Metastatic Renal Cell Carcinoma: Long-Term Safety, Clinical

Activity, and Immune Correlates From a Phase Ia Study. J Clin Oncol. 2016; 34(8):833–42. Epub 2016/

01/13. https://doi.org/10.1200/JCO.2015.63.7421 PMID: 26755520.

20. Geynisman DM. Anti-programmed Cell Death Protein 1 (PD-1) Antibody Nivolumab Leads to a Dra-

matic and Rapid Response in Papillary Renal Cell Carcinoma with Sarcomatoid and Rhabdoid Fea-

tures. Eur Urol. 2015; 68(5):912–4. Epub 2015/07/22. https://doi.org/10.1016/j.eururo.2015.07.008

PMID: 26194044.

HD IL-2 in sarcomatoid renal cell carcinoma

PLOS ONE | https://doi.org/10.1371/journal.pone.0190084 December 20, 2017 9 / 9

https://doi.org/10.1200/JCO.2005.03.206
http://www.ncbi.nlm.nih.gov/pubmed/15625368
https://doi.org/10.1002/cncr.23552
http://www.ncbi.nlm.nih.gov/pubmed/18457330
https://doi.org/10.1111/bju.12781
https://doi.org/10.1111/bju.12781
http://www.ncbi.nlm.nih.gov/pubmed/24730416
https://doi.org/10.1002/cncr.11851
https://doi.org/10.1002/cncr.11851
http://www.ncbi.nlm.nih.gov/pubmed/14669275
https://doi.org/10.1158/1078-0432.CCR-14-1520
http://www.ncbi.nlm.nih.gov/pubmed/25424850
http://www.ncbi.nlm.nih.gov/pubmed/15087662
http://www.ncbi.nlm.nih.gov/pubmed/16113605
http://www.ncbi.nlm.nih.gov/pubmed/12717246
https://doi.org/10.1002/cncr.29503
http://www.ncbi.nlm.nih.gov/pubmed/26058385
https://doi.org/10.1158/2326-6066.CIR-15-0150
http://www.ncbi.nlm.nih.gov/pubmed/26307625
https://doi.org/10.1056/NEJMoa1510665
http://www.ncbi.nlm.nih.gov/pubmed/26406148
https://doi.org/10.1200/JCO.2014.59.0703
http://www.ncbi.nlm.nih.gov/pubmed/25452452
https://doi.org/10.1200/JCO.2015.63.7421
http://www.ncbi.nlm.nih.gov/pubmed/26755520
https://doi.org/10.1016/j.eururo.2015.07.008
http://www.ncbi.nlm.nih.gov/pubmed/26194044
https://doi.org/10.1371/journal.pone.0190084

