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Abstract

» Patients with sarcomatoid renal cell carcinoma (sRCC) are known to have poor prognosis
and response to systemic therapy.

»  We set out to examine the influence of pathological tumour characteristics on survival to
aid prognostication and clinical trial design.

» Asingle-centre database was reviewed to identify all patients with SRCC.

»  Clinical variables and pathological information, including histology, necrosis, percentage
of sarcomatoid features (PSF) and microvascular invasion (MVI), were recorded and
correlated to outcome.

» Analyses of 104 patients with SRCC found that the median (range) size of tumours was
9.5 cm (2.5-30), 65% of patients had areas of clear cell histology, and 69.2% had
metastatic disease at presentation.

«  The PSF did not influence tumour size, stage, necrosis, MVI, nodes or metastasis.

» Atotal of 85 patients (81.7%) died during the follow-up period with a median (95%
confidence interval [CI]) survival of 5.9 months (4.7-8.9).

» Inthe overall cohort, Eastern Cooperative Group performance status (ECOGPS), tumour
size and metastatic disease were independent predictors of poor survival. MVI, PSF and
percentage necrosis were strongly associated with outcome but were not independent
predictors of outcome.
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A multivariate risk model was established that incorporated six covariates (tumour size,
MVI, ECOGPS, PSF, necrosis, and metastatic disease) to produce a predictive tool.
Both patients with localized and metastatic SRCC have very poor survival outcomes.

Pathological features MV, PSF and necrosis are important predictors of survival and
could be used in a prognostic model while grade and histology do not influence
prognosis.

A prognostic model, if validated, could aid in patient counselling and/or clinical trial
design.

sarcomatoid; kidney cancer; adjuvant; prognosis; RCC

INTRODUCTION

Every year ~ 13,000 men and women die from kidney cancer in the United States [1].
Extensive research has advanced the understanding of RCC from the classic term
‘hypernephroma’ to half a dozen distinct subtypes that have had the mechanisms of
malignant transformation characterized. One entity, sarcomatoid RCC (SRCC), is poorly
understood and updated classification schemes no longer consider it a distinct subtype [2,3].
These tumours generally coexist with a variable amount of carcinoma (any subtypes) and are
generally believed to represent a common pathway of de-differentiation of renal tumours
[4]. While only 5% of patients with RCC have sarcomatoid features, these tumours account
for 15-20% of patients with advanced disease [5,6].

Improved understanding of the biology of RCC has led to the introduction of six new
systemic therapies since 2005. However, agents such as sunitinib, sorafenib and
temsirolimus appear to have only limited efficacy in treating patients with SRCC [7-9].
Recently, several clinical trials have specifically targeted patients with SRCC, some of
which have stratified patients based on histological features, including clear-cell vs non-
clear-cell histology, and by the percentage of sarcomatoid features (PSF) in the primary
tumour. Stratification in such trials could help to assess therapeutic response if the histology
and the PSF influences the disease biology [10]. However, currently the role of these
pathological characteristics in determining biology and outcome is unclear.

Clinicians recognize that sarcomatoid tumours are associated with poor outcome, but there
are a subset of patients who have exhibited extended survival. Only a limited number of
studies have attempted to correlate pathological features with prognosis [5,11]. To better
counsel patients with SRCC and to risk-stratify those involved in future clinical trials, we set
out to determine the importance of pathological characteristics in patients in a large single-
centre cohort of consecutive patients diagnosed with SRCC.
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MATERIALS AND METHODS

From 1989 to 2009, all patients undergoing surgical management of suspected RCC at the
University of California, Los Angeles (UCLA) were entered into a prospective database of
clinicopathological variables. Tumours that were previously reported to have either
sarcomatoid histology or a mention of “spindle cells’ in the pathology report were re-
reviewed by an expert genitourinary pathologist (JWS). Tumours were designated as having
sarcomatoid features using the World Health Organization classification system [12]. All
clinical information and staging variables (based on 2002 TNM staging criteria) for patients
were recorded at the time of surgical management. Pathological information, including
histological subtype, grade of an identifiable carcinoma component, the presence or absence
of microvascular invasion (MV]1), the presence and percentage of necrosis, the PSF and the
histological sarcomatoid pattern was recorded on re-review. Designation of the PSF and
pattern of sarcomatoid elements has been described previously [6,11]. The few cases with no
recognizable carcinoma element were considered unclassified and rare cases of complete
sarcomatoid change were stained for epithelial markers to distinguish them from renal
sarcomas.

The incidence of clinical and pathological variables was determined for the overall cohort.
The influence of biological characteristics and the PSF on clinicopathological variables was
characterized. Comparisons of continuous variables between subgroups of patients were
made using Students’ t-test for two groups and ANOVA for multiple groups. For categorical
variables, the chi-squared test was used to compare proportions between subgroups.

Overall survival of these patients was assessed from the date of nephrectomy to either their
recorded date of death or censored if alive at last contact. The cohorts’ survival was
calculated by the Kaplan—Meier method. The influence of pathological variables (percentage
necrosis, PSF and MV1) on survival was evaluated. Univariate and multivariate Cox
regression models were performed to determine the influence of clinocopathological
variables on survival. P < 0.05 was considered to indicate statistical significance. Only
significant variables were considered in the multivariate model. Statistical analyses were
performed with R 2.9.2.

A leave-one-out cross-validation (LOOCYV) receiver operating characteristic (ROC) analysis
was performed to evaluate the extent to which one could predict survival using the risk score
generated from the multivariate Cox model. For each training set obtained by omitting one
patient, a multivariate Cox model was fitted with the covariates significant at the 0.05 level
in the univariate analysis. The risk score of the test patient was obtained which equalled the
weighted sum of the covariates values with the weights equal to the associated regression
coefficients estimated from the multivariate Cox model. After completing the cross-
validation, an ROC analysis was performed to correlate the cross-validated risk score to
survival at 1, 3 and 5 years after surgery. In the ROC analysis, sensitivity was defined as the
probability of correctly classifying a patient as dead, and specificity was defined as the
probability of correctly classifying a patient as alive. Area under the curve (AUC) was used
to measure the predictive ability of the risk score. Permutation testing was performed to
evaluate the significance of the AUC. For each random permutation of survival to
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covariates, the LOOCV ROC analysis was performed and AUC was estimated from the
permuted data. The permutation was repeated 1000 times to estimate the distribution of
AUC under the null hypothesis that the survival outcome is independent of covariates. The
proportion of this null distribution beyond the AUC estimated from the actual data was
taken as the P value.

To assess if the cohort of the present study was generalizable to all patients with SRCC, the
clinical characteristics of patients included in the Surveillance, Epidemiology, and End
Results-17 (SEER-17) database were reviewed. While sSRCC is no longer considered a
distinct histological subtype, this feature has been routinely coded as such in the SEER-17
database since 2001. From 2002 to 2007, all patients listed as having cancer of the kidney
and renal pelvis were evaluated and those with International Classification of Diseases for
Oncology, 3rd edition (ICD-0-3) histology codes matching RCC (3140, 8260, 8270, 8290,
8310, 8312, 8316, 8317, 8318, 8319, 8320) were selected. Patients coded as 8318 (RCC,
sarcomatoid) had all clinical characteristics evaluated, including tumour size and SEER
stage (localized, regional and distant). Cancer-specific survival and life tables were
generated using SEER*stat (version 6.6.2).

A total of 1925 patients underwent nephrectomy during this period. A total of 104 patients
(5.4%) had confirmed sarcomatoid histology. Most patients had large tumour size (mean
10.7 cm), advanced tumour stage 80.5% (= T3) and metastases on presentation (69.2%)
(Table 1). Most patients were symptomatic (88.2%), but most (88.5%) had good
performance status (0/1) at time of nephrectomy. Most tumours had a recognizable
carcinoma component (94.2%) and necrosis (96.1%). Most cases demonstrated clear-cell
components (65.0%) (Table 2); however, all subtypes were observed. The PSF varied
widely (range 2-100%) and 50% of patients had MVI.

Associations of pathological variables with tumour size and the presence of metastasis were
investigated. The presence of MVI was correlated with tumour size. Tumours with and
without MVI had mean (SD) tumour sizes of 11.6 (4.9) and 9.8 (4.2) cm, respectively (P =
0.048). There was no association observed with size PSF, histology or tumour grade (data
not shown). MVI and the PSF did not correlate with the presence of metastases (data not
shown). Carcinoma histology (clear cell) and higher Fuhrman grade had an increased
incidence of metastatic disease; however, they failed to reach significance (P = 0.17 and
0.16, respectively).

The PSF (by quartile) and the influence of clinicopathological variables are shown in Table
3. There was no association between PSF and tumour size, MVI, lymph node involvement,
percentage necrosis and metastatic spread. Tumours with increased PSF were more
frequently in an advanced stage, but this failed to reach significance (P = 0.10). Increased
PSF was associated with worse performance status (P = 0.03).

During the follow-up period, 85 patients (81.2%) died and the median follow-up of
surviving patients was 12.1 months. The median (95% CI) survival of the cohort was 5.9
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months (4.7-8.9) (Fig. 1). The 1-, 2- and 5-year overall survival rates for the cohort were
29.6%, 17.9% and 6.0%, respectively. The 1-, 2- and 5-year overall survival rates for those
with metastatic SRCC were 23.0, 12.9 and 1.9%, respectively. There were 32 patients with
non-metastatic SRCC and their 1-, 2- and 5-year survival rates were 45.5%, 29.9% and
17.9%, respectively.

Univariate analysis of survival showed that stage (T1/2, T3 and T4), histology (clear cell vs
other), carcinoma grade (2, 3 or 4), and sarcomatoid pattern (defined pattern vs mixed/NOS)
did not influence survival (data not shown). ECOGPS (P < 0.001), tumour size (P = 0.021),
the presence of MVI (P = 0.01), increased necrosis (by quartile) (P = 0.018), increased PSF
(by quartile) (P = 0.027) and metastasic disease (P = 0.004) all had an impact on survival.
Kaplan—Meier survival curves for histological features are demonstrated in Figure 2(a)—(d).
On multivariate analysis, ECOGPS, tumour size, MVI and metastasis were all retained as
independent predictors of poor prognosis, while necrosis approached significance (P =
0.067), and PSF did not reach significance (P = 0.26) (Table 4). A separate univariate and
multivariate analysis was performed considering PSF as a continuous variable. Again, while
on univariate analysis, increased PSF (continuous) was a predictor of poor outcome (P =
0.045), on multivariate analysis, it approached, but fell short of, statistical significance (P =
0.08).

The extent of the correlation between the multiple clinical variables and survival was
demonstrated by the cross-validated ROC analysis, where cross-validated risk score was
generated based on the six covariates which were significant in the univariate analysis
(ECOGPS, tumour size, necrosis, invasion, PSF-continuous metastasis). The ROC analysis
resulted in AUC values of 0.66 (P = 0.03), 0.78 (P < 0.01) and 0.77 (P < 0.01) for survival
at 1, 3 and 5 years, respectively.

The patients with non-metastatic SRCC were looked at as a separate cohort for predictors of
survival. The PSF (P = 0.011), tumour size (P = 0.015) and ECOGPS (P = 0.028) were
significantly associated with outcome on univariate analysis. The multivariate analysis of
this small cohort did not identify significant predictors of survival. PSF was not found to be
an independent predictor on the multivariate analysis (P = 0.13).

The SEER-17 database analysis found a total of 1005 patients with SRCC (1.6%). Patients
with sSRCC had very similar characteristics to our cohort with large tumour size (mean 9.9
cm, median 9.0 cm), distant metastasis (54.5%) and the presence of T4 disease (25%). The
median cancer-specific survival rates at 1, 2 and 5 years for all patients with SRCC after
nephrectomy were 49.8%, 36.6% and 26.8%, respectively. For those with metastatic disease,
the 1, 2 and 5-year survival rates were 23.2%, 11.4% and 6%, respectively, while for those
with non-metastatic, regional disease, survival rates were 60.6%, 44.6% and 32.0%,
respectively.

DISCUSSION

The present study provides a detailed analysis of survival in a large cohort of patients with
both metastatic and non-metastatic SRCC. We reinforce the extremely poor outcome of this
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population, median survival < 6 months for all patients, findings that should reinforce the
need for research on the basic biology of SRCC. Unfortunately, limited studies have focused
on the biology of SRCC despite being considered to be an extremely aggressive tumour that
accounts for up to 20% of patients with stage IV disease [6,13].

In the present study pathological variables were closely analysed to further delineate risk
stratification for this patient population. Patients with metastatic disease should be
considered to be in the highest risk category as their survival is similar to the poor-risk
groups described in other prognostic algorithms [14,15]. For patients with localized disease
undergoing nephrectomy, the 1 and 2-year survival rates of 45.5% and 29.9%, respectively,
are similar to the survival of patients with non-sRCC undergoing cytoreductive nephrectomy
[6]. These patients with non-metastatic SRCC should be informed that surgery likely is the
first step of treatment. It is imperative that these patients, especially those with high PSF, be
surveyed extremely diligently and strongly encouraged to participate in adjuvant therapy
trials.

Several prior series correlated PSF with prognosis and some have demonstrated increased
sarcomatoid change to be associated with poor survival [11,16]. To date, no series has
identified a defined prognostic threshold, or found this feature to be an independent
predictor of survival. In other series, PSF has not been shown to be an important prognostic
variable [5,17]. The present data show that while PSF has no association with tumour size,
stage, necrosis, MV or the presence of lymph nodes or metastasis, there was a strong
association with survival. Two methods of assessment of PSF (by quartile or as a continuous
variable) were performed to determine the influence on outcome. Neither method of
characterization could demonstrate that PSF was an independent predictor in our
multivariate model; however, as a continuous variable, it approached statistical significance
(P =0.08). For the present cohort of patients with non-metastatic SRCC, PSF was the only
significant predictor of survival (P = 0.006) on univariate analysis. The PSF variable was
further characterized in the LOOCV ROC analyses and its inclusion was useful at improving
the predictive power of our risk score by AUC assessment.

Several studies have shown an interesting biological correlation with a tumour's PSF.
Golshayan et al. [7] demonstrated that only patients with a limited amount of sarcomatoid
change in the primary tumour (< 20%) had responses with anti-vascular endothelial growth
factor therapy. Haas et al. [18] reported that those patients with a high PSF had a greater
likelihood of responding to combination chemotherapy with doxorubicin/adriamycin. A
possible biological explanation for these findings is related to the increased likelihood of
dissemination of the sarcomatoid component in tumours with high PSF, as shown by
comparing primary tumours to distant sites of disease.[10]

Another pathological tumour characteristic, MV1, is a strong predictor of survival after
nephrectomy in patients with RCC [19,20]. For SRCC, de Peralta-Venturina et al. [11]
showed worse survival for those with MV1, but this failed to be an independent predictor of
outcome. Cheville et al. [5] did not find MVI to be associated with outcome; however, this
series found a very limited number of patients with this pathological characteristic (three of
102; 2.9%). In the present series, there was MV1 in 50% of cases and this feature was an
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independent predictor of poor outcome and useful in our prognostic model. Unfortunately,
while recommended by the College of American Pathologists and potentially useful in
prognostication, less than half of nephrectomy pathology reports mention this feature.[21]

Many studies with non-sarcomatoid renal tumours have determined that clear-cell histology
presents with advanced stage and tumour size and could influence prognosis [22-24].
Recognizable carcinoma elements were identified in over 90% of patients; however, we
failed to see any association between histology and clinicopathological variables.
Additionally, the present study confirms that histology does not influence survival in
patients with SRCC [5,11,16]. As sarcomatoid transformation has been considered to be the
final pathway of de-differentiation of renal neoplasms by Delahunt [4], the sarcomatoid
biology could dictate outcome and outweigh the originating histology. Despite the lack of
influence on survival, reporting the primary histology could still be valuable to treating
clinicians and clinical trial design, as those with associated clear-cell histology have had
some documented responses to targeted agents [7,25]. The histological pattern of
sarcomatoid change did not influence prognosis either and is likely useful only as a
descriptive term, especially due to concerns over reproducibility between pathologists.

While there are now a dozen or more prognostic nomograms and algorithms available for
RCC after nephrectomy, none is specifically designed for SRCC. A valid question would be
why such a model would improve upon the existing clinical tools. Several reasons argue
against the existing models in this patient population, including the fact that some of the
commonly used models were designed for patients with clear-cell RCC only and have not
been tested for those with non-clear-cell SRCC [26,27]. Additionally for such a high-risk
population where the median survival is < 6 months, it is unclear how models developed in
mostly low- and intermediate-risk patients would perform. Finally, other models of high-risk
patients were developed in relation patients with metastatic disease undergoing systemic
therapy and cannot be used for those with locally advance/regional tumours [14,15].

The present study has clear limitations due to its retrospective nature and the long study time
period (20 years) during which surgical technique, pathological evaluation and systemic
treatment strategies have changed. By re-review of all cases by a single genitourinary
pathologist, we limit the variability in reporting and update the histology and staging based
on current practices. Retrospective tumour assessment does have limitations, as pathological
handling (especially renal sinus sampling) has changed over time to stay consistent with
existing recommendations. Additionally, retrospective assessment of the PSF is based on all
available tumour blocks and ideally would be better estimated if random tumour sampling
was performed at the time of specimen procurement.

Another limitation was the use of overall survival rather than cancer-specific survival. While
these terms are usually similar for those with aggressive malignancies, we chose overall
survival because several patients did not have a documented confirmed cause of death at the
time of analysis. Another possible irregularity was that the present cohort had a slightly
worse survival than other large series in the literature [5,11,28]. As stage is an important
predictor of outcome, it could be due to different patient populations. As the present cohort
is derived from a specialized kidney cancer programme, a referral bias could have altered
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our patient population. However, the data from the present study might be more
representative of survival for patients with SRCC, as other series have included patients that
were referred after nephrectomy, probably selecting those healthy enough to re-establish
care at a new centre [28]. Comparing the present cohort with a nationally representative
population listed in SEER, the characteristics and survival appear similar, and therefore we
feel this cohort is representative of cases observed in clinical practice. Finally the prognostic
model in the present study could prove useful at predicting survival in this population, but it
needs external validation and comparison with other clinically relevant survival models. As
mentioned earlier, this might be difficult, as many of these prognostic tools are not
applicable to those with all histological types and those with localized and metastatic
disease.

In conclusion, both patients with localized and metastatic SRCC have very poor survival
rates, as demonstrated by the present single institution cohort and cases reported in SEER.
While histology and carcinoma grade did not influence survival, other pathological
characteristics such as PSF, necrosis and MV were associated with survival but were not
independent predictors. A cross-validated prognostic model for all patients with SRCC was
created using ECOGPS, tumour size, MVI, PSF, necrosis and metastatic disease. Patients
with localized disease, especially a high PSF, must be either followed extremely closely
and/or considered for adjuvant trials.

Abbreviations

AUC area under the curve

ECOGPS Eastern Cooperative Group performance status

LOOCV leave-one-out cross-validation

MVI microvascular invasion

PSF percentage of sarcomatoid features

PSF percentage of sarcomatoid features

ROC receiver operating characteristic

SEER Surveillance, Epidemiology, and End Results

sRCC sarcomatoid RCC

sRCC sarcomatoid renal cell carcinoma
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“What's known on the subject?”

Sarcomatoid renal cell carcinoma can occur in the setting of all histological subtypes of
kidney cancer. These tumours are very aggressive and many patients present with
disseminated disease. Long-term survival is poor and the durable responses to systemic
therapy are infrequent.
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“What does the study add?”

Our large cohort analyses the influence of pathological tumour characteristics in
determining prognosis for patients with sarcomatoid renal cell carcinoma undergoing
surgical resection. This series helps define the prognostic influence of histological
subtype, type of sarcomatoid morphology, the percentage necrosis and sarcomatoid
features, and the presence of microvascular invasion.

BJU Int. Author manuscript; available in PMC 2015 December 11.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Shuch et al.

Page 13

Median survival = 5.9 months
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FIG. 1.
Overall survival for patients with sarcomatoid RCC after nephrectomy (n = 104).
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Kaplan-Meier survival curves by (a) the metastatic status; (b) PSF by quartile; (c) the status

of MVI; and (d) the percentage necrosis.
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TABLE 1

Patient and tumour characteristics of patients with SRCC

Characteristic

N (%) (unless noted otherwise)

Patients
Age, years
Mean

Median
Sex

Male

Female
Side

Right

Left
Symptomatic

Yes

No
ECOGPS

0

1

2
Tumour size, cm

Mean

Median
Metastasis

MO

M1
T stage

T1

T2

T3a

T3b

T3c

T4

104

60.1
59.0

74 (71.8)
29 (34.9)

54 (53.5)
47 (45.0)

90 (88.2)
12 (11.8)

28 (29.2)
57 (59.4)
11 (11.5)

10.7
9.5

32 (30.8)
72 (69.2)

5 (4.9)
15 (14.6)
39 (37.9)
21 (20.4)
2(1.9)
21 (20.4)

BJU Int. Author manuscript; available in PMC 2015 December 11.

Page 16



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Shuch et al. Page 17

TABLE 2

Pathological tumour characteristics

Characteristic N (%) unless noted otherwise
Histology

Clear 67 (65.0)

Papillary type | 4(3.9)

Papillary type Il 10 (9.7)

Chromophobe 11 (10.7)

Unclassified 10 (9.7)

Collecting duct 1(1.0)
Necrosis

No 4(3.9)

Yes 99 (96.1)
Percentage necrosis, %

Mean 27.1

Median 25.0

Range 0-75
Microvascular invasion

No 50 (50.0)

Yes 50 (50.0)
Percentage sarcomatoid, %

Mean 50.9

Median 50.0

Range 2-100
Carcinoma

No 6 (5.8)

Yes 98 (94.2)
Carcinoma grade

2 12 (12.5)

3 33 (34.4)

4 51 (53.1)
Sarcomatoid pattern

Storiform 4(3.9)

MFH 25 (24.5)

NOS 70 (68.6)

Other 3(2.9)

MFH, malignant fibrohistiocytoma; NOS, not otherwise specified.
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TABLE 4
Multivariate analysis of overall survival

Value Hazard ratio Range P value
ECOG

0 1

1 2.03

2 7.00 <0.001
Tumour size 1.06 1.18-7.26  0.045
Microvascular invasion

No 1

Yes 1.33 0.29
% necrosis

< 25% 1

25 < x < 50% 1.87

2> 50% 1.43 0.067
Percentage sarcomatoid

< 25% 1

25 < x < 50% 1.27

50% < x < 75% 2.01

2 75% 1.37 0.21
Metastasis

No 1

Yes 2.35 0.009
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