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Abstract

Background: Sarcomatoid features (SF) in RCC denote poor prognosis. Data for metastatic
chromophobe renal cell carcinoma (ChRCC) with SF are limited. We studied clinical outcomes
and genomic features in this setting.

Patients and Methods: Retrospective review of newly diagnosed metastatic ChRCC patients;
endpoints included overall survival (OS), time to treatment failure (TTF) and time to metastatic
recurrence (TTR) after nephrectomy for localized disease. A subset of patients underwent next
generation sequencing (NGS). Outcomes were compared using non-parametric tests.
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Results: 109 patients with metastatic ChRCC were identified including 29 with SF. Median TTR
post nephrectomy was shorter for patients with vs. without SF (2.7 months [95% ClI: 0.7, 6.9] vs.
48.8 months [95% CI: 30.8, 80.7], log-rank p<0.001). Median TTF on first line therapy was
shorter for patients with vs. without SF (1.8 months [95% CI: 0.9, 2.7] vs. 8.0 months [95% ClI:
5.1, 13.0]; log-rank p<0.001). No responses were observed in 6 patients treated with nivolumab
including 4 with SF. Median OS was inferior for patients with vs. without SF (38 months vs.7.5
months, HR 4.7 [95% CI: 2.7, 8.2], p<0.001). NGS, performed in 22 patients, showed that 64%
and 45% harbored 7P53and PTEN alterations, respectively. MSI high status was identified in 3
patients.

Conclusions: Metastatic ChRCC patients with SF have worse outcomes compared to those
without SF. Median TTR < 3 months for this subgroup supports close surveillance following
nephrectomy for localized tumors. Lack of benefit with various systemic regimens warrants
studying underlying biology and investigating novel agents.

Micro abstract
We studied cancer specifics outcomes of 109 patients with metastatic chromophobe RCC with and
without sarcomatoid features. We found that patients with metastatic sarcomatoid chromophobe
renal cell carcinoma had uniformly poor outcomes with a short time to recurrence with metastatic
disease post-nephrectomy, limited response to systemic therapy and poor overall survival
compared to those without sarcomatoid features.
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Background:

Kidney cancer is the sixth most common malignancy worldwide with an incidence of 64,000
new cases in the United States in 2017(1). It is well known that this is a diverse disease
comprised of multiple histological variants with different clinical outcomes and molecular
features (2) (3). Chromophobe RCC (ChRCC) is one of the less common RCC subtypes
representing ~ 5-10% of all cases (2) (4). In the non-metastatic setting it is known to be
associated with favorable outcomes with 10-year survival rates of 80-90% and low risk of
metastasis (5). In the metastatic setting favorable responses to VEGF-TKI agents and mTOR
inhibitors were reported in patients with metastatic ChRCC receiving treatment on phase Il
clinical trials (6-8). Given the relative rarity of this disease, dedicated prospective clinical
trials in ChRCC have not been reported to date.

Sarcomatoid differentiation, a feature on histopathologic review, can occur in any subtype of
RCC, automatically implies high-grade disease, and as such is well described as an adverse
feature across RCC variants. Several series report its negative prognostic effect in patients
with localized disease undergoing nephrectomy in curative intent(9). Evidence in the
metastatic setting is limited to small retrospective series analyzing patients receiving
systemic therapy across a variety of RCC variants (10, 11). Incidence of sarcomatoid
features in ChRCC appears to be low, estimated at 2-11% across series (12-15). Data for

Clin Genitourin Cancer. Author manuscript; available in PMC 2020 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ged et al.

Page 3

metastatic ChRCC with sarcomatoid differentiation is limited but suggests poor outcome
compared to patients without such features(16). Recognizing the apparent discrepancy in
outcomes between ChRCC in general and this particular variant, we sought to carry out a
retrospective analysis of patients managed at Memorial Sloan Kettering Cancer Center
(MSKCC) in the metastatic setting, evaluating their clinical presentation, systemic therapy
outcomes and genomic features based on the presence vs. absence of sarcomatoid features.

Materials and methods:

We obtained institutional review board approval to identify patients with non-clear cell RCC
within the institution database. Included were all patients with metastatic ChRCC who were
evaluated in Medical Oncology clinic at MSKCC prior to initiating first line systemic
therapy. Subjects were identified via an automated search of pathology reports within the
institutional medical record using the search terms “Chromophobe” and “Renal cell
carcinoma” for reports issued between 01/01/2000 and 09/27/2017. Individual charts were
then manually reviewed in detail to confirm eligibility and compile data. Eligible patients for
the study were >18 years old, pathologically confirmed at MSKCC to have ChRCC
histology, had confirmed metastatic disease as per MSKCC Radiology evaluation and were
evaluated by Medical Oncology at our institution prior to starting first line systemic therapy.
We recorded demographics, clinical features, including International Metastatic Database
Consortium (IMDC) risk status, treatment details and survival outcomes.

Pathology review and genomics:

Pathology slides for all patients were reviewed by a dedicated MSKCC genitourinary
pathologist. Sarcomatoid differentiation in the background of ChRCC was defined
histologically by the presence of a malignant spindle cell component abruptly co-existed
with an epithelial component with typical appearance of ChRCC. For this study, any extent
of sarcomatoid differentiation qualified as ‘sarcomatoid features’. We recorded the primary
tumor size and the extent of sarcomatoid differentiation if included in the pathology report.

In a subset of patients, next generation sequencing (NGS) was performed using MSK-
IMPACT™ a custom pull-down assay with germline comparison from peripheral blood
samples that achieves hybridization capture with target-specific probes from exons of at least
341 cancer associated genes (17). This assay identifies mutations, alterations in copy
number, and reports on the microsatellite instability (MSI) sensor score and tumor
mutational burden (TMB). MSI-sensor score =10 was previously shown to reliably define
MSI high (MSI-H) status phenotype , while scores >3 to 10 and < 3 are considered
intermediate and low respectively (18). For copy number alterations being frequent somatic
event in ChRCC (19, 20), the fraction of copy-number altered genome (FCNAg) was
calculated by considering the average proportion of each chromosome that was affected by
somatic copy-number events, weighed on the 22 autosomal chromosomes(21).

Statistical considerations:

Patients demographics and baseline clinical features were summarized by descriptive
statistics. Time to recurrence (TTR) was calculated for patients who had initially presented
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with localized disease and underwent nephrectomy in curative intent. For these, TTR was
defined as time from date of nephrectomy to first radiographic evidence of metastatic
recurrence, and log-rank analysis was used for comparison between patients with and
without sarcomatoid differentiation. Overall survival (OS) was calculated using the Kaplan-
Meier method from the patient’s first date of evaluation at MSKCC by Medical Oncology
for metastatic disease until death; patients who were still alive at the data cutoff were
censored at date of last follow-up. Analysis of treatment outcomes was limited to those
patients who initiated first line systemic therapy at MSKCC. Time to treatment failure
(TTF), was calculated as the interval between the date of initiating therapy and the date of
radiographic progression, drug cessation for any other reason, or death, whichever occurred
first; TTF was censored at time of the last follow-up date for those remaining on therapy.
Radiographic progression and treatment discontinuation were documented per the treating
oncologist’s discretion. The association between FCNAg and MSI-sensor scores was
evaluated using Spearman’s rank correlation coefficient test. The cutoff date for follow-up
and survival status was October 1, 2017.

Baseline features:

The institutional electronic database search returned with 950 entries between 2002 and
2017, out of which 109 patients with newly diagnosed metastatic ChRCC were identified.
Baseline patient characteristics are summarized on Table 1. Sarcomatoid differentiation was
present in 29 patients (27%), was extensive in 20 patients (69%) and focal in two patients
(7%). The Median age at diagnosis with metastatic disease for all patients was 58 years
(Range, 40-84 years), this was similar among patients with and without sarcomatoid
differentiation. Presentation with De Novo metastatic disease and systemic symptoms of
kidney cancer were significantly more common in patients whose tumors harbored
sarcomatoid elements compared to those without it (48 % vs. 19% [Fisher’s exact test,
P=0.002] and 48% vs. 10 % [Fisher’s exact test, P <0.0001]) respectively. Similarly, these
patients were more likely to be categorized as IMDC intermediate or poor risk (Fisher’s
exact test, P< 0.001). Distribution of metastatic sites was notable for high incidence of
pulmonary metastases in patients with sarcomatoid features (62% vs. 24%; Fisher’s exact
test, P<0.001).

Clinical course and treatment outcomes

Median TTR post-nephrectomy for 80 patients who had initially presented with non-
metastatic disease was 35.5 months (95% CI: 23.4, 58.3). TTR was significantly longer for
65 patients without sarcomatoid differentiation compared to 15 patients with sarcomatoid
differentiation (48.8 months [95% CI: 30.8, 80.7] vs. 2.7 months [95% CI: 0.7, 6.9], log-
rank p<0.001) (Figure 1).

A total of 52 patients initiated first line therapy at MSKCC including 35 without and 17 with
sarcomatoid differentiation. Outcomes of systemic therapy are summarized on Table 2. First
line TTF across all 52 patients was 5.1 months (95% ClI: 2.7, 8.0) and different significantly
depending on presence/absence of sarcomatoid features. For 35 patients without sarcomatoid
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differentiation, median TTF was 8.0 months (95% CI: 5.1, 13.0); by comparison, 17
sarcomatoid patients achieved a median TTF of 1.8 months (95% CI: 0.9, 2.7) (log-rank
p<0.001). Antitumor effect remained poor with subsequent lines of therapy for the latter
group. Figure 2 visualizes individual courses of patients with sarcomatoid differentiation and
summarizes treatment duration for all lines received. One patient with favorable risk IMDC
status and focal sarcomatoid differentiation was treated with first line temsirolimus for 14.4
months which was discontinued due to pulmonary toxicity. Nivolumab was administered in
six patients (four with sarcomatoid, two without sarcomatoid differentiation) with a median
TTF of 2.6 months (Range, 0.6-8.7 months). Imaging evaluation was available in four out of
the six patients which showed no disease response. Details on all systemic agents used in
different lines of therapy are provided on Table S1, S2 and S3.

Median OS for all 109 patients from the date of first evaluation at our center for
management of metastatic disease was 25 months (95% CI: 12, 33), with survival rate of
62.4% at 12 months (95% CI: 51.8, 71.3). The median follow-up time for survivors was 14
months. Median OS was significantly longer for patients without sarcomatoid differentiation
compared to those with sarcomatoid differentiation (38 months vs.7.5 months, HR 4.7, [95%
Cl: 2.7, 8.2], log-rank p<0.001) (Figure 3). Survival rates for patients without and with
sarcomatoid differentiation at 12 months were 74.9% and 19.7% respectively (Table S4).

OS varied significantly by IMDC risk stratification (log-rank p<0.001), with a median OS of
62.2 months (95% CI: 32.7, not estimated) for 42 favorable-risk patients, 12.2 months (95%
Cl: 6.9, 24.1) for 42 intermediate risk patients and 4.9 months (95% ClI: 2.8, 9.9) for 16 poor
risk patients (Figure S1). The difference in survival outcomes by IMDC score was consistent
among patients without sarcomatoid differentiation (log-rank p<0.001), however for the
sarcomatoid group, almost all patients (27 of 29) were in the intermediate and poor IMDC
risk groups, and OS did not differ between those two risk groups (log-rank p=0.33) (Figure
S2). Two patients with sarcomatoid differentiation were IMDC favorable risk and died at
52.1 and 15.7 months from initial evaluation at MSKCC.

Molecular analysis:

NGS with IMPACT™ was performed in 22 patients including 30 samples from 6 patients
with and 16 without sarcomatoid differentiation. Most common mutations were 7P53
followed by PTEN in 14(64%) and 10(45%) patients respectively, and these didn’t differ
between the 2 groups. (Table S5) (Figure 4). Germline testing was performed in 12 patients
and 1 patient without sarcomatoid differentiation had an underlying APC germline mutation.
Median TMB for all 22 patients was 2.8 mutation/megabase (Range, 0-17.9), this was 2.8
mutation/megabase (Range, 0-17.9) for patients without sarcomatoid differentiation and 3.7
mutation/megabase (Range, 1.6-8.5) for those with sarcomatoid differentiation. Median
MSI-sensor score across all samples was 1.5 (Range, 0-17.2). Samples from three and four
patients without sarcomatoid differentiation displayed high MSI-sensor score (14%) and
intermediate scores (18%), respectively. All samples from patients with sarcomatoid
differentiation displayed low MSI-sensor score. None of the patients with MSI-H phenotype
were treated with immune-checkpoint inhibitors at the time of report. There was a strong
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association between higher MSl-sensor scores and FCNAg (Spearman’s rank correlation
coefficient =0.61, P < 0.001) (Figure 5).

Discussion:

Several large studies have indicated that ChRCC is a disease with favorable survival
outcomes and low risk of metastasis (5, 13). Although the presence of certain high risk
pathological features was shown to associate with poor outcomes including sarcomatoid
features (14, 15, 22), the number of patients with sarcomatoid differentiation in those studies
was low limiting the degree of detail these could provide on clinical outcomes, particularly
in the metastatic setting. In the present study we examined outcomes for the largest cohort of
metastatic ChRCC reported to date, 109 patients including 29 cases with sarcomatoid
differentiation. We found prognostic significance for the presence of sarcomatoid
differentiation which reflected striking differences in clinical presentation, outcomes with
systemic therapy and OS.

Several findings speak to the aggressive phenotype of this ChRCC variant. A higher
proportion of patients with sarcomatoid ChRCC presented with de novo metastatic disease.
For those who had initially diagnosed with non-metastatic disease, underwent nephrectomies
and subsequently recurred, the interval from surgery to metastatic recurrence was strikingly
shorter if sarcomatoid features were present in the nephrectomy specimen, with a median
time of only 2.7 months (95% CI: 0.7, 6.9). This data should be taken into consideration
when planning active surveillance for such patients.

The OS of 80 patients with metastatic ChRCC without sarcomatoid differentiation in our
series was comparable to other reported series with a median OS of 38 months. Similar to
prior reports we demonstrated that the IMDC risk model is applicable to this histologic
variant of RCC in these patients treated in the era of targeted therapy(23). Conversely, most
of cases harboring sarcomatoid features were categorized as intermediate/poor risk, and their
outcome was uniformly poor with median OS of 7.5 months (95% CI: 4.2, 10.7) and only
20% of patients alive at 1 year. Lauer et (16) previously examined clinico-pathological
features of 14 patients with sarcomatoid ChRCC and reported a similar short median
survival time of 8 weeks with 9 patients (64%) dead of disease within 6 months.

With regards to outcomes to first line systemic therapy, ASPEN (6) and ESPN (7) were
randomized phase Il clinical trials that each compared first line everolimus versus sunitinib
in patients with metastatic non-clear cell RCC. While these are the largest prospective trials
ever reported for non-clear cell RCC and included ChRCC patients, these weres enrolled
amongst various other non-clear RCC variants, and the primary efficacy analyses were
conducted across these heterogeneous populations. Both trials together only included a total
of 28 patients with metastatic ChRCC. Secondary subset analyses were conducted but must
be interpreted cautiously considering the small sample sizes of such groups. Median
progression free survival (PFS) for sunitinib and everolimus in patients with metastatic
ChRCC treated on ASPEN were 5.5 months (80% ClI: 3.2-19.7) and 11.4 months (80% ClI:
5.7-19:-4), respectively. ESPN reported a median PFS of 8.9 months (80% CI: 2.9-20.1) for
sunitinib and not estimated for everolimus. Grossly, such findings are comparable to a
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median TTF of 8.0 months for 37 patients with metastatic ChRCC without sarcomatoid
features reported here. In contrast, TTF was notably shorter among patients with
sarcomatoid differentiation for whom we determined a median first-line TTF of 1.8 months
across different systemic agents. Prospective phase I clinical trials have investigated
cytotoxic therapy and targeted therapy in patients with metastatic sarcomatoid RCC with
multiple histologies including combinations of Ifosfamide/Doxorubicin(24), Gemcitabine/
Doxorubicin(25) and Gemcitabine/Sunitinib(26) with poor outcomes overall , although it is
noteworthy that one out of three patients with metastatic ChRCC with sarcomatoid
differentiated who were treated with Gemcitabine/Doxorubicin achieved a partial response.
Similarly, results from retrospective studies on the use of targeted therapies in patients with
metastatic RCC with sarcomatoid differentiated which included patients with chromophobe
histology (10) (27) have demonstrated poor overall outcomes.

The advent of immune-checkpoint inhibitors has revolutionized the treatment paradigms of
patients with clear cell RCC both in the first and second line settings. Recently two
retrospective studies (28) (29) reported outcomes of nivolumab in patients across various
non-clear cell RCC histologies. These included a total of 15 patients with metastatic
ChRCC, and none achieved radiological objective responses. In our series, 6 patients were
treated with nivolumab including four with sarcomatoid differentiation with a TTF of 2.6
months (Range, 0.6-8.7 months) and no radiological objective responses were observed.
Prior studies have demonstrated that ChRCC is characterized with low PD-L1
expression(30) which may explain some of the possible reasons for lack of response.

For 22 patients in our series who underwent NGS, we found that 7P53and PTEN were the
most frequently mutated genes in 64% and 45% of cases respectively, and these were not
different between patients with and without sarcomatoid features. Similarly, the TCGA
database(19) included 66 patients with ChRCC and identified 7P53and PTEN as the most
frequently mutated genes in 32% and 9% of cases respectively. Another recent study(20)
examined genomic alteration in primary tumors from 144 cases including patients from the
TCGA cohort and identified that 7P53, PTEN mutations and imbalanced chromosomal
duplication were more frequent genomic events in patients with metastatic ChRCC
compared to non-metastatic patients, and the presence of any of these three was found to
associate with poor outcomes. Another important finding in our study is that MSI-H
phenotype based on high MSI-sensor scores was identified in samples from 3 patients
without sarcomatoid differentiation (14% of cohort with NGS). In a study by Midda el al
(18) reporting on MSI statuses across 12,288 patients with 66 principle cancers utilizing the
MSI-sensor score method, 1 of 349 patients with RCC were MSI-H (0.29%) and as per our
correspondence with the authors, this patient had ChRCC. One of the explanation for this
observation could be the association between higher copy number alterations with higher
MSI-sensor scores as demonstrated in our study. Therapeutic effects of targeted
immunotherapy in ChRCC with intermediate/high MSI scores certainly is of interest for
future investigation.

The limitations of our study may include the retrospective nature, the use of heterogeneous
therapeutic agents, and the use TTF for the assessment of systemic therapy effect instead of
PFS, making it more difficult to put our findings in context with prior reports.
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Conclusions:

The presence of sarcomatoid differentiation in ChRCC transforms disease biology to a high
grade aggressive phenotype with uniformly poor outcomes, including early recurrence after
nephrectomies performed in curative intent and a lack of efficacy with standard targeted
therapies in the metastatic setting. These findings highlight this ChRCC variant as its own
clinical entity and warrants further study of the underlying disease biology and development
of dedicated management strategies.
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Refer to Web version on PubMed Central for supplementary material.
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Clinical practice points:

ChRCC is a subtype of kidney cancer which is generally known to be
associated with favorable outcomes although the presence of certain high risk
pathological features such as sarcomatoid differentiation was shown to be
associated with poor outcomes.

We examined clinical outcomes and genomics features on the largest series of
metastatic ChRCC (n=109) reported to date, comparing outcomes between
patients with and without sarcomatoid features.

We found that patients with metastatic ChRCC with sarcomatoid features had
significantly worse outcomes across all clinical endpoints considered in our
analysis including significantly shorter time to recurrence with metastatic
disease postnephrectomy, limited response to systemic therapy and poor
overall survival compared to those without sarcomatoid features.

Median TTR < 3 months with metastatic disease in patients with ChRCC with
sarcomatoid features after undergoing nephrectomy in curative intent,
supports close surveillance following nephrectomy for localized tumors in
this variant.

Genomic features were examined in a subset of patient with NGS (n=2) and
we found that harbored 7P53and PTEN mutations were the most frequently
mutated genes in 14(64%) and 10(45%) of patients respectively which to
previous. We also found that MSI high phenotype was identified in 3 patients
(14%).
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Figure 1. Time to recurrence (TTR) post nephrectomy with metastatic disease.
Median TTR with metastatic disease for patients who had initially presented with localized

disease and underwent nephrectomy in curative intent was significantly longer for 65
patients without sarcomatoid differentiation compared to 15 patients with sarcomatoid
differentiation (48.8 months [95% CI: 30.8, 80.7] vs. 2.7 months [95% CI: 0.7, 6.9], log-
rank p<0.001)
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Sarcomatoid chromophobe patients
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Figure 2.

Swimmer Plot illustrating treatment duration and survival time by patient for 29 sarcomatoid
chromophobe renal cell carcinoma patients (1 censored patient was alive at the time of

analysis)
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Figure 3.
Kaplan Meier curve comparing overall survival for patients with metastatic chromophobe

renal cell carcinoma (chRCC) without sarcomatoid features compared to metastatic ChRCC
with sarcomatoid features (38.0 months vs.7.5 months, HR 4.7, [95% CI: 2.7, 8.2], log-rank
p<0.001).
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Figure 4.
Oncoprint illustrating most common oncogenomic changes detected by next generation

sequencing using MSK- IMPACT analysis across 22 patients with columns representing
individual patients
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Figure 5.
Spearman rank correlation test evaluating the association between the fraction of copy-

number altered genome (FCNAg) and MSI-sensor scores showing strong association
between both.
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Baseline characteristics of 109 patients with metastatic chromophobe RCC

Table 1.
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P-value
Entire cohort (N=109) Sarcomatoid (N=29) Non-sarcomatoid (N=80)  (Fisher’s exact
test)
Age at diagnosis (years) — median (range) 58 (40, 84) 53 (40, 77) 59 (40, 84) 0.12
Male gender 60 (55%) 17 (59%) 43 (54%) 0.65
Diagnosed with de novo metastatic disease 29 (27%) 14 (48%) 15 (19%) 0.002
IMDC risk <0.001
Favorable 42 (42%) 2 (7%) 40 (56%)
Intermediate 42 (42%) 18 (62%) 24 (34%)
Poor 16 (16%) 9 (31%) 7 (10%)
Nephrectomy 0.002
Yes 103 (94%) 28 (97%) 75 (94%)
No 6 (6%) 1(3%) 5 (6%)
Primary tumor size cm-median(range) 10.5(1.9-23) 10.95(6.8-21) 10.25(1.9-23)
Symptoms <0.001
Asymptomatic 40 (37%) 4 (14%) 36 (45%)
Localized 47 (43%) 11 (38%) 36 (45%)
Systemic 22 (20%) 14 (48%) 8 (10%)
No. of metastatic sites 0.13
1 61 (56%) 12 (41%) 49 (61%)
2 36 (33%) 12 (41%) 24 (30%)
3 10 (9%) 5 (17%) 5 (6%)
Metastatic site
Lymph nodes 47 (43%) 14 (48%) 33(41%) 0.5
Lung 37 (34%) 18(62%) 19(24%) <0.001
Bone 34 (31%) 5 (17%) 29(36%) 0.06
Liver 30(27%) 6(21%) 24(30%) 0.40
Peritoneal disease 9(8%) 1(3%) 8(10%) 0.40
Adrenal 4(4%) 3(10%) 1(1%) 0.05
Pancreas 1(1%) 1(3%) 0(0%)
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Table 2.

First line systemic therapy details for patients with metastatic chromophobe RCC

Group Number of patients TTF (Median)
All patients 52 5.1 months (95% CI: 2.7, 8.0)
Non-sarcomatoid 35 8.0 months (95% ClI: 5.1, 13.0)
Sarcomatoid 17 1.8 months (95% CI: 0.9, 2.7)

Most common treatment categories ~ Number of patients TTF (Median)
VEGF-TKI 31 4.4 months (95% ClI: 2.6, 6.0)
mTOR inhibitor 7 6.2 months (95% CI: 0.9, 13.0)
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