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Background: Programmed death ligand-1 (PD-L1) expression in nonclear-cell RCC (non-ccRCC) and its association
with clinical outcomes are unknown.
Methods: Formalin-fixed paraffin-embedded (FFPE) specimens were obtained from 101 patients with non-ccRCC. PD-L1
expression was evaluated by immunohistochemistry in both tumor cell membrane and tumor-infiltrating mononuclear cells
(TIMC). PD-L1 tumor positivity was defined as ≥5% tumor cell membrane staining. For PD-L1 expression in TIMC, a
combined score based on the extent of infiltrate and percentage of positive cells was used. Baseline clinico-pathological
characteristics and outcome data [time to recurrence (TTR) and overall survival (OS)] were correlated with PD-L1 staining.
Results: Among 101 patients, 11 (10.9%) were considered PD-L1+ in tumor cells: 2/36 (5.6%) of chromophobe RCC,
5/50 (10%) of papillary RCC, 3/10 (30%) of Xp11.2 translocation RCC and 1/5 (20%) of collecting duct carcinoma. PD-L1
positivity (PD-L1+) in tumor cells was significantly associated with higher stage (P = 0.01) and grade (P = 0.03), as well as
shorter OS (P < 0.001). On the other hand, PD-L1 positivity by TIMC was observed in 57 (56.4%) patients: 13/36 (36.1%)
of chromophobe RCC, 30/50 (60%) of papillary RCC, 9/10 (90%) of Xp11.2 translocation RCC and 5/5 (100%) of collecting
duct carcinoma. A trend toward shorter OS was observed in patients with PD-L1+ in TIMC (P = 0.08). PD-L1+ in both
tumor cell membrane and TIMC cells were associated with shorter TTR (P = 0.02 and P = 0.03, respectively).
Conclusion: In non-ccRCC, patients with PD-L1+ tumors appear to have worse clinical outcomes, although only PD-L1
positivity in tumor cells is associated with higher tumor stage and grade.
Key words: renal cell carcinoma, nonclear-cell renal cell carcinoma, benign kidney tumors, PD-L1, PD-1 inhibitors,
immunotherapy

introduction
Renal cell carcinoma (RCC) has been widely recognized as a
heterogeneous disease encompassing different histological

subtypes [1]. Clear-cell RCC (ccRCC) is the most common
subtype and accounts for more than 80% of the tumors that
arise from the renal epithelium [2]. The remaining renal epithe-
lial malignancies, collectively named as nonclear-cell RCC
(non-ccRCC), include several subtypes such as papillary RCC
(10%–15%), chromophobe RCC (5%), and the more rare forms,
which include as Xp11.2 translocation RCC, unclassified RCC,
and collecting duct carcinoma, among others [3].
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In RCC, surgery can be curative for localized disease [4].
However, about 30% of patients treated with nephrectomy will
still develop systemic metastases. The risk of recurrence has
been associated with clinical and pathological factors such as
tumor–node–metastasis (TNM) staging and Fuhrman nuclear
grading [5]. Several reports suggested that localized non-ccRCC
is more likely to have a favorable prognosis than ccRCC [6].
Paradoxically, some series showed that when metastatic, some
types of non-ccRCC such as papillary and Xp11.2 translocation
RCC [7, 8], may have an aggressive clinical course and a shorter
overall survival (OS).
Immunotherapy strategies have been used for decades in

patients with advanced RCC, with prolonged survival being
seen in a very small proportion of patients treated with inter-
feron-α or high-dose interleukin (IL)-2 therapy [9]. Based on
the important role of angiogenesis in ccRCC, single-agent ther-
apies blocking the vascular endothelial growth factor (VEGF) or
its receptors, as well as the mammalian target of rapamycin
(mTOR) produced significant clinical benefit in the majority of
metastatic ccRCC, resulting in a median OS of 20–30 months,
compared with ∼13 months reported with traditional immuno-
therapy [10, 11]. Because of their relatively low prevalence and
their distinct biology, patients with non-ccRCC have typically
been excluded from the pivotal clinical trials of antiangiogenic
and tumor targeted agents [12]. Although some series have sug-
gested that these drugs may also have activity in patients with
non-ccRCC, more effective therapies for this patient population
are needed [6, 13–15].

The levels and clinical significance of PD-L1 expression in
non-ccRCC subtypes is still unknown. In this study, we sought
to examine PD-L1 expression and its association with clinical
outcome in a large series of patients with non-ccRCC.

methods

patients and samples
One hundred one patients with non-ccRCC (chromophobe RCC, papillary
RCC, collecting duct carcinoma and Xp.11.2 translocation RCC) treated sur-
gically at two institutions: Brigham and Women’s Hospital (BWH) and
Mayo Clinic were indentified. For comparative purposes, 20 patients with
oncocytoma or angiomyolipoma treated in the same institutions were also
evaluated. Formalin-fixed paraffin-embedded (FFPE) blocks were retrieved
and corresponding slides from all cases were re-reviewed by an expert
genitourinary pathologist (SS) at BWH. Baseline clinico-pathological charac-
teristics such as age, gender, tumor size, Fuhrman grade, pathological TNM
stage at time of surgery and follow-up data were retrospectively collected for
patients with non-ccRCC. Uniform data collection templates were used to
ensure consistent data. Institutional Review Board approval was obtained
before data acquisition and tumor staining.

immunohistochemistry
PD-L1 expression was evaluated by immunohistochemistry using a mouse
monoclonal anti-PD-L1 antibody (405.9A11) developed in Dr Gordon
Freeman’s laboratory (Dana-Farber Cancer Institute, Boston, MA)
(Figure 1) . The immunohistochemical assay was extensively validated using
FFPE cell line controls known to be positive or negative for PD-L1

A B

C D

E F

Figure 1. PD-L1 expression in FFPE samples stained with anti-PD-L1 antibody (clone 405.9A11). (A) Positive cell line control; (B) Negative cell line control;
(C) Chromophobe RCC; (D) Papillary RCC. (E, F) Xp11.2 translocation RCC. Positive staining is present in tumor cells membrane in panels (C), (D) and (E).
In panel (F), tumor cells are negative and tumor-infiltrating immune cells are positive for PD-L1.
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expression by flow cytometry [16]. Four-micron-thick tumor sections were
stained with an anti-PD-L1 antibody concentration of 3.25 µg/ml, on a
Benchmark XT autostainer (Ventana Medical System, Tucson, AZ) with
standard antigen retrieval (CC1 buffer, pH8.0, #950-124, Ventana).
UltraView Universal DAB Detection kit (#760-500, Ventana) was used
according to the manufacturer’s instruction. Counterstaining was carried out
as part of the automated staining protocol using hematoxylin (#760-2021,
Ventana). After staining, slides were then washed in soap water and distilled
water, dehydrated in graded alcohol and xylene, mounted and cover slipped.

quantification of PD-L1 expression on tumor cell
membrane
Membranous expression in tumor cells was quantified semiquantitatively by
two independent pathologists (SS and MC) blinded to clinical outcome.
PD-L1 tumor positivity was defined as ≥5% tumor cell membrane staining.

quantification of PD-L1 expression
in tumor-infiltrating mononuclear cells
The extent of tumor-infiltrating mononuclear cells (TIMC) (i.e. lymphocytes
and macrophages) was assessed in hematoxylin and eosin-stained slides and
recorded as absent (0), focal (1), mild (2), moderate (3) and marked (4). The
percentage of PD-L1-positive TIMC was evaluated independently by two
pathologists (SS and MC), according to three categories (0% = 0, <5% = 1,
≥5% = 2). An adjusted score representing PD-L1 expression was calculated
multiplying the percentage of TIMC that stained positive for PD-L1 and the
extent of mononuclear cell infiltration.

statistical analysis
The primary objective of this study was to characterize the PD-L1 expression
in patients with non-ccRCC and to correlate the levels of expression with
clinico-pathological features as well as disease outcomes. Two end points

were analyzed: (i) TTR, defined as time from diagnosis to the date of devel-
opment of metastatic disease; (ii) OS, defined as time from diagnosis to
death. In the absence of an event, the end points were censored at last
follow-up time. Patient and tumor characteristics were summarized descrip-
tively. PD-L1 tumor positivity was defined as ≥5% tumor cell membrane
staining. For PD-L1 expression in TIMCs, any score greater than zero was
considered positive. Comparisons between PD-L1 expression and clinico-
pathological features were evaluated using χ2 or Fisher’s exact test (when
sample size was small) for categorical variables and Wilcoxon rank-sum test
for continuous variables. Kaplan–Meier method estimated the distribution
of TTR and OS by the PD-L1 positivity. Cox proportional regression
assessed the associations with hazard ratio (HR) and 95% conference inter-
val (CI). PD-L1 expression in patients with benign tumors was reported
descriptively and correlations with clinico-pathological features as well as
outcome variables were not carried out.

All statistical computations were carried out using SAS v.9.2 (SAS
Institute, Inc., Cary, NC) and a P value (two-sided) <0.05 was considered
statistically significant.

results

patients and tumor characteristics
Characteristics of patients with non-ccRCC are outlined in
Table 1. The study cohort included a total of 101 patients with
non-ccRCC. The histological subtypes included chromophobe
RCC (n = 36), papillary RCC (n = 50) and Xp11.2 translocation
RCC (n = 10) and collecting duct carcinoma (n = 5). The
median follow-up time was 5 years [interquartile range (IQR):

3.5–6.2], and the median age was 59 years (range 24–81 years).
For non-ccRCC, TNM clinical stages I, II, III and IV at diagno-
sis were identified in 54, 19, 18 and 9 patients, respectively.
Additionally, 47 patients had high Fuhrman grade (III or IV)
and 53 had low Fuhrman grade (I or II). In one tumor sample,
the definition of tumor grade was not precisely possible and it
was not reported. The median tumors’ size was 4.7 cm (range
2.8–7.7 cm).
For comparative purposes, 20 patients with benign kidney

tumors were also evaluated for PD-L1 expression. The histological
subtypes included oncocytoma (n = 13) and angiomyolipoma
(n = 7). The median tumor’s size was 3.2 cm (range 1.9–5.6 cm).

PD-L1 expression in tumor cells
and clinico-pathological features
Among 101 patients with non-ccRCC, PD-L1 expression in
tumor cell membrane was negative in 90 patients (89.1%) and
positive in 11 patients (10.9%). Specifically, PD-L1 positivity in
tumor cell membrane was detected in 2 of 36 (5%) chromo-
phobe RCC, 5 of 50 (10%) papillary RCC, 3 of 10 (30%) Xp11.2
translocation RCC and 1 of 5 (20%) collecting duct carcinomas.

Table 1. Non-ccRCC patient characteristics

Characteristic Total (N = 101)

No. of patients %

Gender
Male 55 54
Female 46 46

Stage
1 54 53
2 19 19
3 18 18
4 9 9

Unknown 1 1
Fuhrman grade
I/II 53 52.4
III 38 37.6
IV 9 9
Unknown 1 1

Histology
Chromophobe 36 36
Papillary 50 49
Translocation 10 10
Collecting duct carcinomas 5 5

Metastatic disease
No 78 77.2
Yes 23 22.8

PD-L1 expression in tumor cells membrane
<5% (negative) 90 89.1
≥5% (positive) 11 10.9

PD-L1 expression in tumor-infiltrating mononuclear cells (TIMC)
Score = 0 (negative) 44 43.6
Score > 0 (positive) 57 56.4

Median Min, max
Age at Dx (years) 59 24–81
Tumor size (cm) 4.7 0.6–30
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PD-L1 positivity in tumor cell membrane was significantly
associated with higher TNM stage (P = 0.01) and Fuhrman
grade III/IV (P = 0.03) (Table 2). On the other hand, PD-L1
positivity was not correlated with gender, age at diagnosis or
tumor size (data not shown).

PD-L1 expression in TIMCs and clinico-pathological
features
Overall, the extent of TIMC infiltration was: absent in 11
patients, focal in 27 patients, mild in 31 patients, moderate in 20
patients and marked in 12 patients.
PD-L1 expression in TIMC was negative (score 0) in 44

patients (43.6%). Fifty-seven patients (56.4%) were considered
PD-L1+ in the TIMC. Among the cases with PD-L1+ TIMC,
37 patients had expression in <5% of immune cells and
20 patients presented expression in more than 5% of immune
cells. There was a significant association of histology subtype
and PD-L1 expression levels in TIMC (P = 0.001). Specifically,
among patients with PD-L1+, 13 of 36 (36%) had chromophobe
RCC, 30 of 50 (60%) had papillary RCC, 9 of 10 (90%) Xp11.2
had translocation RCC and 5 of 5 (100%) had collecting duct
carcinoma.
PD-L1 positivity in TIMC was not significantly associated

with TNM stage (P = 0.35) or tumor grade (P = 0.11) (Table 2).
In addition, PD-L1 positivity in TIMC did not correlate with
gender, age at diagnosis or tumor size (data not shown).

PD-L1 expression and clinical outcome
in non-ccRCC
The overall median follow-up of the cohort was 5 years, 17
patients died and 24 patients developed distant metastases.
Patients with PD-L1+ in tumor cells were significantly

associated with increased risk of death (HR = 6.41, 95% CI 2.17–
18.88; P < 0.001) compared with patients with PD-L1 negative
in tumor cells. A similar trend was observed when comparing
PD-L1 expression in TIMC, but the result was not statistically
significant (HR = 2.49, 95% CI 0.86–7.2; P = 0.08) (Figure 2A).
In addition, PD-L1+ on tumor cell membrane and TIMC both
were associated with lower TTR (P = 0.02 and P = 0.03, respect-
ively) (Figure 2B).

PD-L1 expression in benign kidney tumors
PD-L1 expression in tumor cell membrane was positive in 4 of
13 (30.8%) oncocytomas and 0 of 7 (0%) angiomyolipomas. In
addition, 7 of 13 (53.8%) of oncocytoma and 7 of 7 (100%)
angiomyolipoma expressed PD-L1 in TIMC (score >0).
Correlations with clinico-pathological features as well as
outcome variables were not carried out.

discussion
Thompson et al. were among the first to describe the PD-L1 ex-
pression in ccRCC. In one study of 196 patients, PD-L1 expres-
sion was associated with aggressive features such as higher TNM
stage, tumor size or Fuhrman grade and increased risk of
cancer-specific mortality [17]. In another study of 306 patients,
PD-L1+ was seen in 23% of cases. Similarly, PD-L1+ tumors
were more likely to present adverse pathologic features including
TNM stage III or IV, higher tumor size and Fuhrman grade III
or IV (P < 0.001 for all), and higher risk of cancer-specific mor-
tality (RR = 2.0 95% CI 1.27–3.15, P < 0.003) adjusting for TNM
stage and grade [18]. Interestingly, the correlation between PD-
L1 expression and adverse prognostic factors as well as OS was
identified with PD-L1 expression in both tumor cell membrane
and tumor-infiltrating lymphocytes (TILs). Based on these

Table 2 Correlation of PD-L1 expression and clinico-pathological factors in non-ccRCC

Characteristic % Positive tumor cell membrane P
value

TIMC P
value<5% (negative)

(N = 90, 89.1%),
n (%)

5% or more
(positive) (N = 11,
10.9%), n (%)

Total
(N = 101)

Score = 0 (negative)
(N = 44, 43.6%),
n (%)

Score >0 (positive)
(N = 57, 56.4%),
n (%)

Total
(N = 101)

Stage
1 52 (58) 2 (20) 54 (53) 0.01 24 (55) 30 (54) 54 (53) 0.35
2 18 (20) 1 (10) 19 (19) 11 (25) 8 (14) 19 (19)
3 14 (16) 4 (40) 18 (18) 7 (16) 11 (20) 18 (18)
4 6 (7) 3 (30) 9 (9) 2 (5) 7 (12) 9 (9)
Unknown 0 1 (1) 1 (1) 0 1 (1) 1 (1)

Fuhrman grade
I/II 51 (57) 2 (18) 53 (52.4) 0.03 23 (53) 30 (53) 53 (52.4) 0.11
III 31 (35) 7 (64) 38 (37.6) 19 (44) 19 (33) 38 (37.6)
IV 7 (8) 2 (18) 9 (9) 1 (1) 8 (14) 9 (9)
Unknown 1 (1) 0 1 (1) 1 (1) 0 1 (1)

Histology
Chromophobe 34 (94.4) 2 (5.6) 36 (36) 0.1 23 (63.9) 13 (36.1) 36 (36) 0.001
Collecting duct 4 (80) 1 (20) 5 (5) 0 (0) 5 (100) 5 (5)
Papillary 45 (90) 5 (10) 50 (49) 20 (40) 30 (60) 50 (49)
Translocation 7 (70) 3 (30) 10 (10) 1 (10) 9 (90) 10 (10)

TIMC, tumor-infiltrating mononuclear cells.
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studies, PD-L1 expression may be considered as an independent
predictor of poor prognosis in ccRCC [19].
Overcoming this adaptive mechanism of tolerance with ther-

apies blocking the PD-1 or PD-L1 could restore the effectiveness
of T-cell responses against tumor cells [20]. A phase I study
evaluating the safety and efficacy of the anti-PD-1 monoclonal
antibody (nivolumab) in patients with advanced cancer pro-
duced encouraging tumor responses in patients with RCC and
other malignancies. Moreover, specimens from 42 patients, in-
cluding 5 patients with RCC were analyzed for PD-L1 expres-
sion in tumor cells. Overall, 25 of 42 were considered PD-L1+.
Among these 25 patients, 9 (36%) had objective response. On
the other hand, none of the patients with PD-L1− expression

achieved objective response (P = 0.006). These results supported
the hypothesis that PD-L1 may be a promising predictive
biomarker of response to agents that target the PD1/PD-L1 axis
[21]. Since that landmark study, two other studies in RCC spe-
cifically showed that patients with PD-L1+ tumors have numer-
ically higher response to agents that target the PD-L1/PD-1 axis
than PD-L1 negative tumors, although it is important to note
that responses were seen in PD-L1-negative tumors [22, 23].
To our knowledge, this is the first study to report PD-L1

expression in non-ccRCC and its correlation with clinical
outcome. Consistent with previously published ccRCC studies,
PD-L1 expression in tumor cell membrane was correlated with
higher Fuhrman grade or TNM stage in patients with non-
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Figure 2. (A) Correlation of PD-L1 expression and OS (univariate analysis) in non-ccRCC; (B) Correlation of PD-L1 expression and TTR (univariate analysis)
in non-ccRCC.
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ccRCC. In addition, on univariate analysis, patients with PD-L1
positivity in tumor cells were significantly more likely to have a
shorter OS. Furthermore, a trend for shorter OS was also
observed in patients with PD-L1+ TIMC and both PD-L1 posi-
tivity on tumor cell membrane and TIMC were associated with
lower TTR. Our exploratory multivariate analyses suggest that
tumor stage, Fuhrman grade and histology are significant effect
modifiers for the association of PD-L1 positivity on clinical
outcome (data not shown). Interestingly, we confirm that PD-
L1 expression can exist in benign kidney tumors, as previously
reported [24]. However, how it could affect the clinical course of
this disease remains to be studied and addressed in other
studies.
Infiltrating mononuclear cells in RCC release cytokines to

either promote tumor growth or impair antitumor immune
responses. In addition, high levels of TILs have been associated
with an increased risk for cancer progression and death [25].
Similarly, higher expression of PD-L1 in TILs was also asso-
ciated with aggressive features such as tumor grade and TNM
stage in ccRCC [26]. Among non-ccRCC, we did not observe
statistically significant association between PD-L1 expression in
TIMC and clinico-pathological features or OS. Nonetheless, the
percentage of patients who were considered PD-L1+ by this
method was overall much higher than with the tumor mem-
brane staining.
In this analysis, we showed that PD-L1 expression in non-

ccRCC is heterogeneous and depends on histology. In 2004, the
World Health Organization (WHO) classification of renal
tumors recognized a new subtype of kidney cancer characterized
by translocations involving the transcription factor E3 (TFE3)
located on Xp11.2 gene [27]. These tumors share some morpho-
logical features with ccRCC and the real incidence of this
subtype may be underestimated [8]. Aggressive clinical course in
a younger adult population with a female predominance has
been reported. Despite anti-VEGF drugs having some activity in
these patients, there is no established treatment of patients with
metastatic disease [28]. In our study, 3 of 10 patients who had
Xp11.2 translocation RCC (30%) exhibited PD-L1+ in tumor
cells and 9 of 10 (90%) harbored PD-L1+ TIMC. Collecting duct
carcinomas are also a very aggressive disease and up to 40% of
patients present with metastatic disease at diagnosis [14]. In our
study, 1 of 5 patients expressed PD-L1 on tumor cells and all of
them were considered positive in TIMC. Thus, we hypothesize
that PD-L1 may play a key role in the biology of Xp11.2 trans-
location RCC and collecting duct carcinoma and could represent
an important therapeutic target for these RCC subtypes for
which few therapeutic options are currently available.
Our study has many limitations. First, the non-ccRCC is a

very heterogeneous disease. In addition, considering the rarity
of Xp11.2 translocation RCC and collecting duct carcinomas,
even evaluating a large cohort, a small number of patients with
these histologic subtypes have been represented limiting our
conclusions. In addition, the majority of tumors did not have
metastatic disease, and may underestimate the prevalence of
PD-L1 staining in cytoreductive nephrectomies or distant me-
tastases. Given the smaller group size for patients with PD-L1
positive and a small number of events (deaths), a multivariate
analysis may not properly adjust the association of PD-L1 ex-
pression and clinical outcome for potential confounding factors.

Moreover, the relatively short follow-up period may influence
the correlation of PD-L1 expression and OS. Intratumor hetero-
geneity has been described in RCC. Although we have evaluated
whole tissue sections, our results may not represent the PD-L1
expression in the entire tumor. Furthermore, the value of
Fuhrman nuclear grading has been debated in non-ccRCC.
However, it remains widely adopted in the clinical practice [29].
Finally, comparisons with other studies should be done with
caution, since many different methodologies and antibodies
have been applied to assess PD-L1 expression.
Notably, <10% of patients with nonclear-cell histologies were

included on clinical trials of new investigational agents [30].
Our study suggests that patients with non-ccRCC, especially
subsets with higher PD-L1 expression by either tumor or
immune cells should not be automatically excluded from clinical
trials of agents that target the PD-1/PD-L1 pathway.
In summary, PD-L1 expression in tumor and TIMC occurs

in patients with non-ccRCC depending on histology subtype
and tumor membrane versus immune cell scoring. In addition,
PD-L1 positivity on tumors cell membrane was associated with
aggressive clinico-pathological features. PD-L1 expression in
Xp11.2 translocation RCC and collecting duct carcinomas as
well as its correlation with clinical outcomes needs to be pro-
spectively confirmed in larger series. Further evaluation of
PD-L1 as a potential predictive biomarker to PD-1/PDL1 inhi-
bitors in non-ccRCC is warranted.
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