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Abstract

OBJECTIVE—Renal cell carcinoma with sarcomatoid dedifferentiation(sRCC) is associated with
higher stage of presentation and worse survival. The objective of this study was to examine the
clinicopathological characteristics associated with overall survival(OS), specifically examining the
percentage of sarcomatoid component(PSC).

METHODS—We reviewed clinicopathologic data for all nephrectomized patients with confirmed
SRCC. Histologic slides were re-reviewed by dedicated GU pathologists to ascertain PSC. Patient
characteristics were tabulated overall and by disease stage. Cutpoints in the PSC providing a
meaningful difference in OS were identified by recursive partitioning analysis(RPA). Factors
selected included age group, gender, race, clinical stage, tumor histology, presurgical systemic
therapy, lymphovascular invasion, and tumor size. Kaplan-Meier method and log-rank test were
used to assess differences in OS.

RESULTS—Among 186 patients with SRCC, 64(34%) had localized, and 122(66%) had
metastatic disease at presentation. Patients had primarily clear cell histology(73%). Median
follow-up was 12.1 months(range 0.1-242.2 months). Median OS was 12.6 months (95%CI 10.7-
14.9 months). Univariate RPA identified a PSC cutpoint of 10% as prognostically significant.
Patients with PSC>10% were at higher risk of death compared to patients with <10%(45% vs.
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61% 1-year OS;P=0.04). Multivariate RPA revealed that tumor size, presence of metastatic
disease, and PSC were significantly associated with OS. Among 4 identified groups, patients with
localized disease and tumor size <10cm were most likely to be alive at 1 year(89%), and patients
with metastatic disease and PSC>40% were least likely to be alive at 1 year(28%;p<0.001).

CONCLUSION—PSC appears to be a prognostic factor in patients with SRCC, with larger
percentage of involvement portending a worse survival, especially in patients with metastatic
disease.
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1. INTRODUCTION

Renal cell carcinoma with sarcomatoid dedifferentiation (SRCC) is characterized by
malignant spindle cells, similar to those present in sarcomas, within a background of
epithelioid cells of renal cell carcinoma. First described by Farrow and colleagues in 1968,
[1] it was initially thought to represent a distinct entity of renal neoplasms. However, current
research hypothesizes a common pathway through which sarcomatoid dedifferentiation
occurs.[2-4] Up to 10% of renal cell carcinomas are estimated to contain sarcomatoid
features and clinically, the presence of sarcomatoid elements is associated with tumor
aggressiveness.[5]

As the biology of SRCC is being actively elucidated in the laboratory, the clinical
implications are still being investigated. Specifically, the presence of sarcomatoid elements
is associated with higher stage at presentation, aggressive disease course, and decreased
patient survival, both in the localized and metastatic settings.[6—9] Although there have been
multiple reports of various chemotherapeutic regimens in the literature, the response rates
have been modest at best.[10, 11] Recently, several studies have reported the use of systemic
targeted therapy in SRCC patients, however, response rates varied between 0% to 15.8%
with no statistically significant differences between targeted agents and chemotherapy,
indicating a need for better risk stratification.[12, 13] Despite these data, a correlation of
pathological characteristics with prognosis has been performed in only a limited number of
studies. Among these pathologic characteristics, the PSC could potentially be an important
prognostic indicator for patients both in the localized and metastatic setting. However, there
has been no statistically-established threshold in the literature indicating what PSC cutpoint
may portend worse outcomes. In addition, reports have indicated that the PSC may in turn
directly determine the responsiveness to certain anti-angiogenic, immunotherapeutic, or
chemotherapeutic targets.[11, 12]

The objective of this study was to specifically examine the effect of PSC on overall survival
in a large cohort of SRCC patients.
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2. PATIENTS AND METHODS

2.1 Patient Selection & Clinical Review

We retrospectively reviewed clinicopathologic data for all nephrectomized patients with
pathologically confirmed sRCC from 1987-2011 with institutional board review approval.
Our database contained information on 273 patients who were identified as having SRCC.
Patients who were lost to follow-up or are currently participating in an unreported clinical
trial were excluded. Complete clinical and pathologic data were available for 230 patients
who underwent nephrectomy and had sRCC in their primary nephrectomy specimen.
Among 230 patients, 186 patients with full histologic slides available for re-review by
dedicated GU pathologists were identified and included in the current study. Patient
characteristics, including age, gender, and ethnicity were collected. TNM stage was assigned
according to the 2009 AJCC classification.[14] Tumor size was defined as the greatest
tumor diameter based on evaluation of the pathological specimen. In cases of multifocal
disease the largest tumor size was used for statistical analysis. Patients were treated with
systemic therapy (presurgical or salvage) at the discretion of the treating GU medical
oncologist (included targeted therapy, cytotoxic chemotherapy, immunotherapy, or
combinations thereof, since SRCC has no standard therapy at present).

2.2 Pathological Evaluation

All available H&E stained slides of tumor samples from the resected specimens were
reviewed by dedicated genitourinary pathologists who were blinded to patient outcomes.
Pathologic characteristics including stage, histology, presence of lymphovascular invasion,
necrosis, tumor size and PSC were collected. Classification of RCC subtypes and presence
of sarcomatoid components were based on the ISUP grading system for RCC.[15] The
percentages of epithelioid and sarcomatoid histologic components were determined based on
evaluation of morphologic features of the tumor cells on H&E stained slides. The epithelioid
component was comprised of cohesive tumor cells of variable nuclear grade with a rounded
shape and an architecture and cytology compatible with the underlying histological subtype
of renal carcinoma. The sarcomatoid component showed tumor cells that were spindled in
shape, of high nuclear grade, less cohesive and with architectural and cytological features
reminiscent of sarcoma. The PSC represented the proportion of tumor with sarcomatoid
histology divided over the total tumor (sarcomatoid+epithelioid). Assessment of PSC was
done in 5% increments. There was adequate representative sampling of all kidney tumors,
including grossly different tumor areas, with at least 1 section taken per centimeter of tumor
diameter.

2.3 Statistical Analysis

Patient characteristics were tabulated overall and by clinical disease status at time of
nephrectomy (metastatic vs. localized). Overall survival(OS) is defined as the time interval
between the date of nephrectomy and the date of death. Patients who were alive at the last
follow-up date were censored at that time. Cutpoints in the PSC providing a meaningful
difference in OS were identified by recursive partitioning analysis(RPA), both as univariate,
and multivariate models[16] In a univariate model, that variable is examined for the best
split by looking at two-sided p-values from log-rank tests of OS for all possible splits, and
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selecting the most significant split meeting specified sample size restrictions. In the
multivariate model, all variables are examined for the best split in combination, using
similar methods. Even though not all variables appear in the diagram (regression tree), the p-
values used for splitting are calculated using all variables in the model.[16, 17] Potential
factors selected for consideration included age group, gender, race, tumor stage, clinical
stage, tumor histology, presurgical systemic therapy, lymphovascular invasion, necrosis, and
tumor size. For RPA, the minimum number of patients in any terminal subgroup was set to
20. The log-rank test[18] was applied in each split and splitting was stopped when the p-
value for any split was greater than 0.05. Terminal subgroups were compared using log-rank
tests, and subgroups with p-values greater than 0.05 were combined. Any missing values
were handled using surrogate splits, which utilizes the information of other predictors to
impute the missing value.[17] Kaplan-Meier plots[19] were used to present the differences
in survival between the groups. RPA was performed in R[The R Foundation for Statistical
Computing], the Kaplan-Meier curves were created in Stata 13.1[Stata Corp, College
Station, TX], and all other analyses were carried out in SAS 9.3[SAS Institute Inc., Cary,
NC].

3. RESULTS

A total of 186 patients with SRCC who underwent nephrectomy between 1987 and 2011 and
had the numeric PSC available were identified and included in the current study. Table 1
presents the patient characteristics at the time of diagnosis for all patients and by disease
status.

Median follow-up for the entire cohort was 12.1 months (range 0.1-242.2 months).
155(83%) patients died and 31(17%) were alive at last follow-up. Median follow-up for
survivors was 58.4 months (range 4-242.2 mo). Figure 1 presents the OS experience for all
patients. Median survival was 12.6 months (95% CI 10.7, 14.9 months), and the 1-year OS
was 51%(SE=4%).

Figure 2A presents the RPA partitions considering PSC only. Two subgroups were
identified with a cutpoint of 10% for PSC. The OS comparison between subgroups is
summarized in Table 2 and presented in Figure 2B. Patients with PSC >10% were at higher
risk of death (45% alive at 1 year) compared to patients with PSC<10% (61%; p=0.04)

Figure 3A presents the multivariate RPA partitions, including PSC as well as other relevant
patient characteristics previously stated. Partitions for clinical stage, tumor size and percent
sarcomatoid were associated with OS. From the 186 patients, a group of 64 patients with
localized disease was separated from the rest in the first split, then the second split occurred
at tumor size <10 cm versus >10 cm. For the remaining 122 patients with metastatic disease,
the second and last split occurred for those with PSC <40% versus all others. Table 3
presents the OS comparison among these subgroups. Patients with localized disease and
tumor size <10 cm or >10 cm were most likely to be alive at 1 year(89% and 54%,
respectively), while patients with metastatic disease and PSC <40% or >40% had 1-year OS
of 44% vs. 28%, respectively(P<0.001; Figure 3B).
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4. DISCUSSION

In this study of 186 patients with localized and metastatic SRCC, we have identified four
independent distinct prognostic groups using readily available preoperative and
postoperative clinical variables that stratify this cohort of patients from lowest risk to highest
risk groups. We have also identified a distinct cutpoint value for the PSC that best
distinguishes the difference in OS, and have incorporated this into our overall model for risk
stratification. On one hand, patients with localized disease and tumor size <10 cm are
categorized as being on the lower end of the risk spectrum and have the longest median OS
in our cohort. On the other hand, patients with metastatic disease and PSC >40% have the
poorest median OS and are considered to be in the highest risk of mortality. Interestingly,
patients with localized disease and tumor size >10 cm had similar survival to those with
metastatic disease and PSC<40%. In addition, a cutpoint value of 10% was significant in the
entire group of patients when considering PSC alone, with higher PSC in the final
pathologic specimen resulting in a significantly worse OS.

To our knowledge, this is the first report to find a distinct cutpoint value for PSC that can
risk stratify patients with SRCC. There have been multiple studies that showed that the mere
presence of a sarcomatoid component, regardless of the percentage involvement, results in
adverse outcomes. A prior study of 108 patients with SRCC from our institution with only
25 patients presenting with localized disease reported a median OS of 9 months for the
entire cohort.[20] In addition, stratification of patients based on focal versus extensive
PSC(<25% vs. 225%) showed slightly longer median survival(9 vs. 12 months) in the focal
group, however, this difference did not reach statistical significance.[20] To assess
prognostic significance of the PSC, a series by de Peralta and colleagues evaluated 101
SRCC patients with a median follow up of 40 months and divided them into four
subsets(<10%, 11-25%, 26-50%, >50%).[21] The only significant subset difference was in
the categories of greater than or less than 50% for all pathologic stages. However, only
TNM staging remained significant on multivariate analysis. In a similar report by Cheville
and colleagues, 102 patients stratified by PSC from 5-10%(27 patients), 10-50%(36
patients), and >50%(39 patients) failed to show a statistically significant difference in both
univariate and multivariate analysis with regards to PSC’s ability to independently
determine cancer-specific mortality.[5] More recently, Shuch and colleagues demonstrated
that PSC was an important predictor of survival on univariate, but not multivariate analysis.
Even after assessing PSC by categorization into quartiles or as a continuous variable, neither
method could demonstrate a significant association on multivariate analysis, despite
approaching statistical significance as a continuous variable(p=0.08).[22] More recently,
Kim and colleagues showed that increasing PSC has a significant association with disease
specific mortality, although this series only reported on 59 patients with sSRCC.[23] All of
the above-mentioned series demonstrate that the presence of sarcomatoid component
portends a poor outcome, and a few show worsening outcomes to be associated with
increased PSC, mostly in univariate but not multivariate analysis. In addition, none of these
series identified a distinct independent prognostic threshold level for PSC, with each report
either assigning PSC cutpoint by quartiles[22], median[24], or arbitrarily[5, 20, 21]. Zhang
and colleagues recently reported the only study to date that showed the amount of

Uroal Oncol. Author manuscript; available in PMC 2016 October 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Adibi et al.

Page 6

sarcomatoid dedifferentiation as an independent prognostic indicator for patients with SRCC.
In their study, 204 patients with SRCC were compared with 207 patients with grade 4 RCC
with no sarcomatoid features.[24] However, the authors simply chose the median(30%) to
assign the PSC cutpoint[24].

Consistent with this and other reports, we were able to identify stage, tumor size, and
presence of sarcomatoid component as the most important discriminating clinical factors for
determining overall survival in our cohort of patients with localized and metastatic SRCC.
However, in contradistinction to previous reports, we then proceeded to identify a potential
diagnostic threshold that might best stratify various risk groups with the use of RPA. Also
known as Classification and Regression Tree method, RPA is a multivariate analysis model
which partitions all variables into homogeneous groups by searching through all possible
variables entered to divide groups with the most prognostic differences first, and then
repeats this algorithm for each partition(node) until all data have been divided into
meaningful subgroups based on the most prognostic variables.[17] The advantage of such an
analysis is that it generates a clinically meaningful “RPA tree” that can be used
algorithmically for risk stratification of patients with SRCC. A diagnostic threshold of 10%
was identified for PSC among the entire cohort during univariate RPA. Also, in our
multivariate model, the most powerful discriminative factor was indeed localized versus
metastatic disease, which is clinically intuitive, and consistent with previous studies that
demonstrate significant differences in these two patient groups[5, 20]. Among patients with
localized disease, tumor diameter was recognized as the next most prognostic indicator in
this group with a cutpoint of 10 cm. No other variables reached statistically significant
thresholds to further stratify this group. Among patients with metastatic disease, a PSC of
40% was found to be the next most discriminative factor, with a difference in OS median of
3.3 months. Our analysis distinguishes the lower risk group of patients with localized SRCC
with smaller tumors from the highest risk group, namely patients with metastatic disease and
PSC>40%.

Clinical evidence to date points to the fact that the presence of the sarcomatoid component
portends a worse outcome in the subset of patients with SRCC, however, characterizing the
sarcomatoid component in and of itself as a distinct, biologically aggressive entity has been
difficult. It is unclear if the epithelioid component of the RCC histology also contributes to
the biologically aggressive nature of the disease, as high grade and low grade components
have been identified in both primary and metastatic specimens, in addition to all the various
histologic subtypes.[25] Despite the unclear biological nature of the sarcomatoid elements,
the PSC has been shown to be a potentially useful clinical indicator for predicting the nature
of distant metastases and predicting response to chemotherapeutic or targeted therapy
agents. Shuch and colleagues evaluated 32 patients with SRCC and resected metastases.[25]
Among the 52 metastatic sites, 58% contained pure sarcomatoid pattern and 38% contained
pure epithelioid histology, with only 4% showing mixed pattern. In addition, patients with
greater than 30% PSC in the primary tumor were more likely to predict sarcomatoid
histology in the metastasis site.[25] On the predictive aspect of PSC, the results of ECOG
8802 demonstrated that higher response rates to doxorubicin-gemcitabine in patients with
locally advanced or metastatic SRCC seemed to correlate with higher PSC, [11] while
Golshayan and colleagues demonstrated that partial responses in patients with metastatic

Uroal Oncol. Author manuscript; available in PMC 2016 October 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Adibi et al.

Page 7

SRCC treated with targeted therapy were limited to those with less than 20% PSC and clear
cell histology.[12] Our study has now added to the body of literature that seems to indicate
that PSC plays an important role in SRCC, not only for prediction of response to therapy, but
overall outcome from disease.

The limitations of our study include its retrospective nature, its long span of patient
inclusion, and the inherent potential for bias in choosing the appropriate surgical candidate
for definitive or cytoreductive nephrectomy. Although the calculation of PSC can be
inherently subjective, we limited the variability by re-review of all cases by dedicated GU
pathologists in a blinded fashion. Additionally, we did not have a sufficient sample size to
run the RPA on a training and confirmation set, so confirmation in an independent sample
will be the next step in establishing the importance of PSC as more pathologists consistently
assign a numeric score. In addition, it would be valuable to externally validate our findings
in a larger multi-institutional series.

5. CONCLUSIONS

The PSC appears to be a prognostic factor for OS of patients with SRCC. Patients with
localized disease and tumor size less than 10 cm had significantly improved survival
compared with patients with metastatic disease and PSC greater than or equal to 40%.
Consistent with international guidelines, any sarcomatoid elements present in the
nephrectomy specimen should be reported, without the use of any PSC cutpoint to make the
diagnosis of SRCC. Given that SRCC is a rare disease entity with significant morbidity and
mortality, multi-institutional efforts are needed to better understand the biology and
behavior of this aggressive disease, and ultimately find effective therapies and cures.
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Figure 2A. Univariate Recursive Partitioning Analysis for Overall Survival. The PSC was

split at 10% to distinguish patients with better and worse survival. Patients with higher
sarcomatoid percentage were more likely to die. PSC= Percent sarcomatoid component
Figure 2B. Overall Survival by Percent Sarcomatoid; PSC= Percent sarcomatoid component
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Figure 3A.
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Figure 3A. Multivariate Recursive Partitioning Analysis for Overall Survival. The primary
factor associated with survival was clinical stage (localized versus metastatic). Among
patients with localized disease, tumor size was the strongest factor associated with survival.
Among patients with metastatic disease, the percentage sarcomatoid was the strongest factor
associated with survival. In this setting, having a sarcomatoid percentage more than 40% is
associated with the worst survival. PSC= Percent sarcomatoid component

Figure 3B. Overall Survival by Multivariate Recursive Partitioning Analysis Groups; PSC=

Percent sarcomatoid component
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Table 1
Patient Characteristics
All Patients Metastatic Localized
Patient Characteristics N (%) N (%) N (%)
All
186 (100%) 122 (100%) 64 (100%)

Age

<50 46 (25%) 32 (26%) 14 (22%)

50-69 115 (62%) 81 (66%) 34 (53%)

>70 25 (13%) 9 (8%) 16 (25%)
Gender

Female 68 (37%) 45 (37%) 23 (36%)

Male 118 (63%) 77 (63%) 41 (64%)
Race/Ethnicity

Black 9 (5%) 5 (4%) 4 (6%)

Hispanic 28 (15%) 15 (12%) 13 (20%)

White 142 (76%) 97 (80%) 45 (71%)

Other 7 (4%) 5 (4%) 2 (3%)
Pathologic Tumor Stage

Tland T2 35 (19%) 23 (19%) 12 (19%)

T3 119 (63%) 84 (69%) 35 (55%)

T4 29 (16%) 14 (11%) 15 (23%)

Unknown 3 (2%) 1(1%) 2 (3%)
Clinical N and M Stage

NOMO 64 (34%) 0 (0%) 64 (100%)

NOM1 93 (50%) 93 (76%) 0 (0%)

N1MO 16 (9%) 16 (13%) 0 (0%)

N1iM1 13 (7%) 13 (11%) 0 (0%)
Histology

Clear Cell 136 (73%) 87 (71%) 49 (77%)

Other 50 (27%) 35 (29%) 15 (23%)
Lymphovascular Invasion

Yes 42 (23%) 29 (24%) 13 (20%)

No 142 (76%) 92 (75%) 50 (78%)

Unknown 2 (1%) 1(1%) 1(2%)
Necrosis

Yes 86 (46%) 62 (51%) 24 (38%)

No 97 (52%) 58 (47%) 39 (61%)

Unknown 3 (2%) 2 (2%) 1(1%)

Presurgical Systemic Therapy
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All Patients Metastatic Localized

Patient Characteristics N (%) N (%) N (%)

Yes 24 (13%) 24 (20%) 0

No 162 (87%) 98 (80%) 64 (100%)
Percentage sarcomatoid — median (IQR)

N=186 25 (5, 60) 30 (10, 60) 17.5 (5, 50)
Tumor size in cm — median (IQR)

N=168 10 (8,13.5) | 10(8.25,13.55) | 10 (8, 12.5)

IQR = InterQuartile Range
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