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ABSTRACT

Introduction: Randomized controlled trials of platinum-based neoadjuvant chemotherapy (NAC) for
bladder cancer have shown that patients who achieve a pathologic response to NAC exhibit 5 y survival
rates of approximately 80-90% while NAC resistant (NR) cases exhibit 5 y survival rates of approximately
30-40%. These findings highlight the need to predict who will benefit from conventional NAC and the
need for plausible alternatives. Methods: The pre-treatment biopsy tissues from a cohort of 41 patients
with muscle invasive bladder who were treated with NAC were incorporated in tissue microarray and
immunohistochemistry for PD-L1, CD8, and FOXP3 was performed. Percentage of PD-L1 positive tumor
cells was measured. Tumor-infiltrating lymphocytes (TIL) densities, along with CD8 and Treg-specific TILs,
were measured. Results: TIL density was strongly correlated with tumor PD-L1 expression, consistent with
the mechanism of adaptive immune resistance in bladder cancer. Tumor cell PD-L1 expression was not a
significant predictor of response. Neither was the CD8 nor Treg TIL density associated with response.
Intriguingly though, the ratio of CD8 to Treg TIL densities was strongly associated with response
(p = 0.0003), supporting the hypothesis that the immune system plays a role in the response of bladder
cancer to chemotherapy. Discussion: To our knowledge, this is the first report in bladder cancer showing
that the CD8 to Treg TIL density in the pre-treatment tissues is predictive for conventional NAC response.
These findings warrant further investigations to both better characterize this association in larger cohorts
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and begin to elucidate the underlying mechanism(s) of this phenomenon.

Introduction

Urothelial carcinoma of the bladder is the fourth most com-
mon cancer seen in men.' It represents also the second
most common malignancy of the genitourinary tract, and
the second most common cause of death among genitouri-
nary tumors.” Radical cystectomy (RC) with urinary recon-
struction is considered to be the gold standard treatment
for muscle-invasive urothelial carcinoma (MIBC).> Random-
ized controlled trials and subsequent meta-analyses compar-
ing cisplatin-based neoadjuvant chemotherapy (cNAC)
following by RC versus RC alone has demonstrated a small
but significant survival benefit associated with platinum-
based combination chemotherapy.®” Careful review of the
randomized controlled trials of platinum-based combination
NAC highlights an important phenomenon: patients who
achieve a pathologic response to NAC (defined as the
absence of muscle invasive disease at RC following cNAC)
have a 5-y survival rate of approximately 80-90% while
those with NR MIBC have a 5-y survival rate of approxi-
mately 30-40%; this is a robust difference and is notably

different than the 50% 5-y survival for patients with
MIBC treated by cystectomy alone. The overall response
rate to cNAC is 40-50%; therefore, a little over half of
patients with MIBC would be amenable to an alternative
therapeutic intervention prior to RC if one were available
and efficacious.®

Programmed death ligand 1 (PD-L1), also known as B7-H1
or CD274,” is a cell surface glycoprotein which inhibits T cell-
mediated antitumor immunity through interaction with PD-1,
by attenuating T cell activation and effector function.'’
Although PD-L1 message is widely expressed, expression at the
protein level is limited to cells of the macrophage lineage and
inflamed tissues, where it likely prevents excessive tissue dam-
age at sites of infection/inflammation. Cancer cell expression of
PD-L1 occurs in many malignancies, including but not limited
to bladder cancer, melanoma, renal cell carcinoma, lung, ovary,
breast, endometrium, glioblastoma, gastric, gastrointestinal,
esophageal, and hepatocellular carcinoma.'"'* Furthermore,
PD-L1 has been shown to be expressed in about 15-35%
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of urothelial carcinomas of post-cystectomy patients, and
increased expression is generally associated with worse cancer-
specific outcomes.'>'* Recently, in patients with metastatic
urothelial carcinoma, inhibition of the immune checkpoint
inhibitor PDL-1 using anti-PD-L1 antibody MPDL3280A was
associated with a response rate of approximately 30% in unse-
lected patients, and a favorable tolerability profile.”

The engagement of the host immune system by an evolv-
ing malignancy is complex, involving a myriad of cell types
and cell signaling phenomena. Most antitumor effects of
the host immune system can be broadly ascribed to effector
CD8 (Killer) T cells, although other cell types certainly play
a role. Recent evidence has shown that CD8 T-cells play a
role in MIBC; in that tumors with increased CD8 lympho-
cyte infiltrate exhibit favorable post-cystectomy CSS."
Opposing the antitumor activity of CD8 T cells is a popula-
tion of CD4% T cells that express the forkhead box P3
(FOXP3) transcription factor, and which have a regulatory
activity on the host immune response (known as Tregs).'
Tregs play a crucial role in maintaining immune homeosta-
sis and mediating peripheral tolerance, accordingly it has
been shown that mice lacking FoxP3 develop an autoim-
mune phenotype.'”” Infiltration by regulatory T cells has
been reported in a variety of malignancies including MIBC,
lung cancer, breast cancer, and others in which their pres-
ence tends to portend a poor prognosis.'®*° Further, lower
effector CD8 T cells to Treg (CD8/Treg) ratios correlate
with a less favorable outcome in multiple tumor types.*!

The objective of this study was to evaluate PD-L1 expression
in the chemotherapy naive biopsy specimens of MIBC and to
test the hypothesis that aspects of the lymphocytic component
of the tumor immunologic microenvironment correlates with
the response to cNAC.

Results
Cohort characteristics

Transurethral resection of bladder tumor (TURBT) specimens
from a cohort of 67 patients with chemotherapy naive MIBC
were incorporated into tissue microarrays and examined in this
study (Table 1 and Table S1). For 41 of these patients, there
was adequate chemotherapy dosing information to establish
that these patients were able to tolerate a therapeutic dose of
platinum-based induction chemotherapy; thereby allowing for
the adequate assessment of chemotherapy response in the
resultant cystectomy specimen. We previously reported on
patients from this cohort in two related studies aiming to iden-
tify clinical and molecular factors predictive of response to
cNAC.2*? As compared to the cohort as a whole, there was a
small increase in the proportion of Caucasians present in the
cNAC cohort subset, which was statistically significant (Fisher’s
Exact test p = 0.041). Not unexpectedly, there was an enrich-
ment for pathologic tumor stage 0 (pT0) in the cNAC cohort
subset, which approached statistical significance Fisher’s Exact
test p = 0.10. No significant biases were noted in the cNAC
cohort subset with respect to age, sex, clinical stage, and patho-
logic node stage.

Table 1. Patients demographics of the MIBC cohort examined and the cNAC sub-
set. The cohort demographics are shown above, with the column-wise percentages
shown in gray text. No significant biases were observed in the ctNAC subset with
respect to age, sex, clinical tumor stage, and pathologic node stage. A small
increase in Caucasians and pTO (marked by *) was observed in the ctNAC subset,
Fisher's Exact test p value 0.04 and 0.10, respectively.

MIBC TURBTs  cNAC Cohort
Age n =67 n=41
Median 62 64
[min, max] [45, 82] [45, 82]
Race *
Cauc. 52 78% 36 88%
Afr. Amer. 9 13% 3 7%
Other 6 9% 2 5%
Sex
Male 55 82% 33 80%
Female 12 18% 8 20%
Clinical T Stage
<=cT2 33 49% 19  46%
cT3 19 28% 15 37%
T4 12 18% 7 17%
Pathologic T Stage *
pTO 12 18% 10 24%
pTa/Tis/T1 13 19% 6 15%
pT2 4 63% 2 61%
pT3 31 17
pT4 7 6
Pathologic N Stage
Negative 36 54% 23 56%
Positive 17 25% 1M 27%

MIBC PD-L1 expression correlates with tumor-infiltrating
lymphocyte (TIL) density

The degree of PD-L1 tumor expression in MIBC was strongly
correlated with overall TIL density (Fig. 1A (Goodman-
Kruskal y=0.68 p < 0.0001). This association was also present
when the TIL density was subtyped based on CD8 staining
(Goodman-Kruskal y = 0.57 p = 0.002) or FOXP3 staining
(Goodman-Kruskal y = 0.73 p < 0.0001). These findings are
consistent with prior data from cystectomy specimens in which
a strong association of tumor PD-L1 status and the degree of
CD8 TILs was also observed (Fishers exact test p = 0.01)."
Given the relationship of the CD8/Treg ratio with outcome in
several tumor types, we also tested whether this ratio correlated
with PD-L1 expression. However, as shown in Fig. 1B, the
CD8/Treg ratio was not statistically associated with expression
of PD-L1 in this MIBC cohort (Fig. 1B, Goodman-Kruskal
p = 0.29). We focused on tumor PD-L1 staining, as we previ-
ously found it to be more predictive of response to anti-PD-1
checkpoint blockade than PD-L1 expression on infiltrating
immune cells.>* Occasional staining in myeloid cells and stro-
mal lymphocytes was noted, but in these MIBC samples PD-L1
TIL staining was scant.

CD8/Treg ratio (but not tumor cell PD-L1 expression)
correlates with cNAC response

Given the previously described relationship between PD-L1
expression and outcome in urothelial carcinoma,* we tested
whether expression correlated with response to ¢cNAC. This
was not the case, as shown in Fig. 2 pre-treatment tumor



ONCOIMMUNOLOGY e1134412-3

A B PD-L1 Positive
MIBC -— P — o e e
0% 25% 50% 75% 100%
PD-L1 2 i 60% | ; i . n
: cD8
40% - 40% 40% 15
> 1
>5% 20% | . 20% I 20% l [
— RN B ] . 0% - cDp8 _ —‘ NS i
60% 60% 60% Treg
40% | 40% 40% cD8
1-5%  20% l l 20% I 20% I Treg <1 | o
0% -+ oo o B o% EE B
60% 60% 0%
0% 40% 40%
0% 20% 20% 20%
™% + ™ 0%
SN2 MR PP
Overall TiLs CD8+ TiLs FOXP3+ TiLs
TIL Density

Figure 1. Spectrum of tumor-infiltrating lymphocytes characterized by MIBC PD-L1 staining. (A) Normalized histograms are shown with the TIL densities (TIL counts per
100 tumors cells) binned into the designated intervals on the x-axes and the sample proportions shown on the y-axes. In each case (overall, CD8, and FOXP3™ TlLs) a sig-
nificant (*Goodman-Kruskal p < 0.01) increase in the amount of TILs is observed with increased MIBC PD-L1 staining. (B) The percentage of cases with MIBC PD-L1 posi-
tivity (defined as > 0%) is shown on the x-axes and the per sample CD8/Treg ratio on the y-axes. No statistically significant (NS) association to MIBC PD-L1 expression

status was observed.

PD-L1 expression was not statistically different in <tNAC
responders as compared to resistant cases.

We next tested whether pretreatment total TIL density, as
well as CD8 and FoxP3 density were associated with ¢cNAC
response. Interestingly, none of these three parameters showed
a clear association with response (Fig. 3A, Goodman-Kruskal
p > 0.05). Finally, we tested whether the ratio of CD8/Treg
cells, potentially a more integrative correlate of an adaptive
immune response, was associated with the response to cNAC.
Surprisingly, and in contrast to what was observed with PD-L1
expression, the ratio of CD8 to FOXP3 TIL densities was signif-
icantly associated with ¢tNAC response (Fig. 3B, Goodman-

Kruskal y = 0.66 p = 0.0003). Tumors in which the CD8/
FOXP3+ ratio was > 1 exhibited a cNAC response rate of 60%
(n = 10). Tumors in which the CD8 TIL density was approxi-
mately equivalent to the FOXP3* TIL density exhibited a NAC
response rate of 42% (n = 24). And intriguingly, tumors in
which the CD8/FoxP3 ratio was < 1, showed no responses
(n=7).

Discussion

This study quantified tumor cell PD-L1 expression as well as
CD8 and Treg infiltration in TUR bladder cancer specimens

Urothelial Carcinoma PD-LI Staining
NAC 0% I-5% >5%
9(57%) | 4(25%) | 14| 3 (18%) fi
Responders ¥ 22 - e
17 (68%) | 4(16%) [ 53] 4 (16%) BE - .-
> e S A
Resistant A ‘
;‘.". .\, :‘-
1 K8 4
{ N

Figure 2. Baseline PD-L1 staining in MIBC for patients treated with platinum-based NAC. Representative images of the spectrum of tumor PD-L1 staining across both
cNAC responders and resistant MIBC cases are shown. Included in the top left corner of each image is the total counts and row-wise proportions in the cNAC-treated
MIBC cohort. No significant different in baseline tumor PD-L1 staining was observed when comparing cNAC responders and resistant cases (Goodman—-Kruskal p > 0.05).
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Figure 3. Spectrum of tumor-infiltrating lymphocytes characterized by ctNAC response status. (A) Normalized histograms are shown with the TIL densities (TIL counts per
100 tumors cells) binned into the designated intervals on the x-axes and the sample proportions shown on the y-axes. In each case (overall, CD8, and FOXP** TILs) no sig-
nificant (NS, Goodman-Kruskal p > 0.05) difference in the TIL density was observed when comparing ctNAC responders and resistant cases. (B) The percentage of cases
responsive to cNAC is shown on the x-axis and the per sample CD8/Treg ratio on the y-axes. A striking association is present (*Goodman-Kruskal p = 0.0003), in which a
(D8 < Treg TIL composition is strongly associated with cNAC resistance and a CD8 > Treg is better associated with cNAC response.

prior to initiation of induction neoadjuvant platinum-based
chemotherapy in patients with MIBC. We found that immuno-
histochemical expression of tumor cell PD-L1 in TUR speci-
mens prior to cNAC was similar (range 16-25%) in those
patients whose final pathological stage at the time of cystec-
tomy showed NAC-response (<ypT2) vs. those who were
deemed NR (>ypT2). Although the sample size and specimen
sizes (due to TMA format) is limited (n = 41) this cohort rep-
resents the only surgical series of which we are aware in which
PD-L1 expression could be correlated with pathological out-
comes at the time of RC. Given the association between PD-L1
expression and response to PD-1/PD-L1 blocking antibodies in
MIBC,*® these data suggest that PD-L1+ patients could be
potential candidates for either anti-PD-1 or PD-LI antibody
therapy in the appropriate clinical context.

Consistent with previous data in MIBC and other tumor
types, we observed a strong association between the TIL density
and PD-L1 expression, supporting an adaptive immune resis-
tance-mechanism.'>?’ In this MIBC TURBT cohort examined
by TMA, less than 10% of cases exhibited significant PD-L1
tumor cell staining in the absence of a significant lymphocytic
infiltrate. These findings support the hypothesis that in muscle
invasive urothelial carcinoma, PD-L1 expression likely repre-
sents “adaptive immune resistance” '****** in PD-L1 expres-
sion on tumor cells may be induced by pro-inflammatory
cytokines secreted by effector T cells in the tumor.””***° The
10% of cases in which PD-LI expression was observed in the
absence of a lymphocytic infiltrate may represent “innate
immune resistance,” in which PD-L1 expression is driven by
oncogenic pathways.”*’' One potential factor confounding
these observations could be the influence of prior BCG therapy;
a factor which we plan to address more comprehensively in a
larger cohort of patients.

The most interesting aspect of our data is the unexpected
finding that the CD8 effector to Treg ratio correlates with
response to cNAC in MIBC. Patients with a CD8/Treg ratio > 1
had a reasonable response rate, while patients in whom the
CD8/Treg ratio was < 1 showed no responses. The biological
mechanisms underlying this significant observation are not
immediately clear, but our findings are consistent with the

notion that the immune system may play an important role in
the response to chemotherapy, as has been well-documented in
a number of animal models.”> We examined the CD8 and
FOXP3 transcript levels from a recent gene expression profiling
dataset of a small cohort of 23 pretreatment MIBC samples
subsequently treated with cNAC, analogous to our cohort. In
cases where the CD8 transcript out weighted the FOXP3 tran-
script by a factor of 2 or more, the response rate was 37.5% (3/8)
in contrast to the 20% (3/15) for cases in which this did not
occur. While this trend is similar to what we observed by IHC in
our cohort, the small sample size limits the statistical significance
of these findings (p > 0.05, Fisher’s exact test). Despite the cav-
eats that exist with gene expression profiles of tissue homoge-
nates with varying cellular compositions of tumor,
inflammatory, stromal and other cell types, it is encouraging
that these mRNA-level data are congruent with our protein-level
IHC results. These interesting findings are worthy of further
exploration and we plan to examine the relevant additional data
as they become available.

The findings must be interpreted with caution, as several
caveats exist: First, this was a relatively small patient cohort;
results clearly must be verified in larger series. Second, we used
FoxP3 staining to quantify Treg, although this is a common
practice, we are fully cognizant that FoxP3 may also be
expressed on activated CD4" T cells in humans. Third, we are
also aware that we quantified total CD8 T cells, and did not
establish effector function by further phenotypic analysis, i.e.
by quantifying IFNy expression using molecular techniques.
Finally, these data are only correlative, and it is certainly possi-
ble that the increased CD8/Treg ratio may reflect a more genet-
ically unstable tumor with a relatively increased expression of
neo-antigens that confer both an “infiltrated” phenotype as
well as a greater sensitivity to chemotherapy.

With the completion of the TCGA sequencing efforts in
MIBC* and a subsequent exome level sequencing in a NAC
MIBC cohort,”” we anticipate that somatic mutations (such as
ERCC2, ATM, RBI1, FANCC, and others) in urothelial carci-
noma will also play a role in identifying patients likely to derive
benefit from platinum based NAC in MIBC.***” Furthermore,
the relationship of these molecular factors to the current



understanding of variant histologic subtypes®® along with
evolving molecular subtypes of urothelial carcinoma®** as it
relates to responsiveness to platinum based chemotherapy and
the interaction of the host immune remains to be fully
characterized.

These intriguing but early results do suggest that the
immune system plays a role in the response of MIBC to cNAC.
The findings are from a single institution with a relatively
smaller sized cohort; certainly, future studies with larger sample
sizes and across multiple institutions will be required and are
currently being drafted to validate these findings. However, the
results in this study would indicate that patients with an unfa-
vorable immune phenotype (i.e., low CD8/Treg ratio) might
not be optimal candidates for cNAC, at least with current regi-
mens. Additionally, these findings raise the possibility that
immunomodulatory approaches able to tune the host response
may be able to better prime patients for response to conven-
tional chemotherapy.

Methods
Clinical cohort

The study was approved by the Johns Hopkins Institutional
Review Board. Informed consent was not required because after
the data were collected they were analyzed anonymously. We
queried the Johns Hopkins Hospital (JHH) Institutional Review
Board approved Bladder cancer database to identify patients
who received any NAC followed by open RC between 2000 and
2013. Patients with unknown follow-up, cause of death, or doc-
umentation of inadequate cNAC dosing were excluded from
the cNAC subset described above. The cohort has been previ-
ously reported on by our group in two related publications in
which further detail on the composition of the cohort can be
found.>*

Pathologic assessments

All pathologic evaluations were performed at JHH by an expert
GU pathologist. Included patients were required to have histo-
logically confirmed urothelial carcinoma of the bladder diag-
nosed on pre-operative TURBT biopsy. Patients with variant
histologies were included provided the greater than half of the
lesion exhibited conventional urothelial morphology. Patients
with any small cell histology were excluded. cNAC responders
(R) were defined by the absence of residual MIBC (<ypT2) at
cystectomy; conversely NR tumors were defined by the pres-
ence of residual muscle-invasive (>ypT2) at cystectomy.

Tissue microarray construction and immunohistochemical
assessments

Tissue microarrays were constructed at the Johns Hopkins tis-
sue microarray facility utilizing 1.0 mm cores in triplicate from
the same sample, when possible. Antibodies were acquired
from commercial sources as implemented as follows. FoxP3
(ebioscience; 14-4777) 1:150 diluted in antibody dilution buffer
with an overnight incubation at 4C; 2. CD8 (thermo scientific;
RB-9009-P0) 1:800 diluted in antibody dilution buffer with a
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45 min incubation at room temp. PD-L1 (Cell Signaling;
13684) 1:100 diluted in antibody dilution buffer with a 45 min
incubation at room temp. Detection of immunolabeling was
performed using anti-mouse or anti-rabbit HRP-conjugated
secondary antibodies and counterstaining was performed with
DAB. Antibodies were scored in blinded manner with respect
to ctNAC response status by a urologic pathologist (ASB). PD-
L1 was reported as percent positive in the tumor cells. Similarly,
TILs were reported as number of TILs (overall, CDS8, or
FOXp3™) per 100 tumor cells, which we refer to as the TIL den-
sity, to best account for variability in tumor cellularity in any
given field of view and to be on the same scale as tumor PD-L1
scoring. The aforementioned TIL density (TD) was binned into
four intervals: (a). 0 < TD <1 (b). 1 <TD < 5 (c). 5 < TD
< 15 (d). 15 < TD < oo. These scores were based on a mini-
mum of 100 cells present for evaluation across all available tis-
sue from a given case on the TMAs examined. Additionally,
the TIL densities were assigned by comparison to a set of com-
puter generated images modeling tumor and TILs at varying
degrees of tumor cellularity and TIL density (Fig. S1).

Statistical analyses

Standard Fisher’s exact tests and Goodman-Kruskal tests of
association were performed using MATLAB version 8.4 (The
MathWorks Inc., Natick, MA, 2000).

Disclosure of potential conflicts of interest

No potential conflicts of interest were disclosed.

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA Cancer |
Clin 2015; 65:5-29; PMID:25559415; http://dx.doi.org/10.3322/
caac.21254

2. Soloway MS, Sofer M, Vaidya A. Contemporary management of stage
T1 transitional cell carcinoma of the bladder. J Urol 2002; 167:1573-
83; PMID:11912367; http://dx.doi.org/10.1016/S0022-5347(05)65157-
9

3. Sternberg CN, Donat SM, Bellmunt J, Millikan RE, Stadler W, De
Mulder P, Sherif A, von der Maase H, Tsukamoto T, Soloway MS.
Chemotherapy for bladder cancer: Treatment guidelines for neoadju-
vant chemotherapy, bladder preservation, adjuvant chemotherapy,
and metastatic cancer. Urology 2007; 69:62-79; PMID:17280909;
http://dx.doi.org/10.1016/j.urology.2006.10.041

4. Ghosh M, Brancato SJ, Agarwal PK, Apolo AB. Targeted therapies
in urothelial carcinoma. Curr Opin Oncol 2014; 26:305-20;
PMID:24685646; http://dx.doi.org/10.1097/CC0O.0000000000000064

5. Advanced Bladder Cancer (ABC) Meta-analysis Collaboration. Neo-
adjuvant chemotherapy in invasive bladder cancer: Update of a sys-
tematic review and meta-analysis of individual patient data advanced
bladder cancer (ABC) meta-analysis collaboration. Eur Urol 2005;
48:202,5; discussion 205-6; PMID:15939524; http://dx.doi.org/
10.1016/j.eururo.2005.04.006

6. Grossman HB, Natale RB, Tangen CM, Speights VO, Vogelzang NJ,
Trump DL, deVere White RW, Sarosdy MF, Wood DP, Jr, Raghavan
D et al. Neoadjuvant chemotherapy plus cystectomy compared with
cystectomy alone for locally advanced bladder cancer. N Engl
] Med 2003; 349:859-66; PMID:12944571; http://dx.doi.org/10.1056/
NEJMoa022148

7. Advanced Bladder Cancer Overview Collaboration. Neoadjuvant che-
motherapy for invasive bladder cancer. Cochrane Database Syst Rev
2005; (2):CD005246; PMID:15846746


http://dx.doi.org/10.3322/caac.21254
http://dx.doi.org/10.3322/caac.21254
http://dx.doi.org/10.1016/S0022-5347(05)65157-9
http://dx.doi.org/10.1016/S0022-5347(05)65157-9
http://dx.doi.org/17280909
http://dx.doi.org/10.1016/j.urology.2006.10.041
http://dx.doi.org/10.1097/CCO.0000000000000064
http://dx.doi.org/15939524
http://dx.doi.org/10.1016/j.eururo.2005.04.006
http://dx.doi.org/10.1056/NEJMoa022148
http://dx.doi.org/10.1056/NEJMoa022148
http://dx.doi.org/15846746

e1134412:6 A.S.BARAS ET AL.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Gandhi NM, Baras A, Munari E, Faraj S, Reis LO, Liu J], Kates M,
Hoque M, Berman D, Hahn NM et al. Gemcitabine and cisplatin
neoadjuvant chemotherapy for muscle-invasive urothelial carcinoma:
Predicting response and assessing outcomes. Urol Oncol 2015;
33(5):204.e1-7; PMID:25814145; http://dx.doi.org/10.1016/j.
urolonc.2015.02.011

Jilaveanu LB, Shuch B, Zito CR, Parisi F, Barr M, Kluger Y, Chen L,
Kluger HM. PD-L1 expression in clear cell renal cell carcinoma: An
analysis of nephrectomy and sites of metastases. ] Cancer 2014; 5:166-
72; PMID:24563671; http://dx.doi.org/10.7150/jca.8167

Topalian SL, Drake CG, Pardoll DM. Immune checkpoint blockade: A
common denominator approach to cancer therapy. Cancer
Cell 2015; 27:450-61; PMID:25858804; http://dx.doi.org/10.1016/j.
ccell.2015.03.001

Thompson RH, Kuntz SM, Leibovich BC, Dong H, Lohse CM, Webster
WS, Sengupta S, Frank I, Parker AS, Zincke H et al. Tumor B7-H1 is
associated with poor prognosis in renal cell carcinoma patients with
long-term follow-up. Cancer Res 2006; 66:3381-5; PMID:16585157;
http://dx.doi.org/10.1158/0008-5472.CAN-05-4303

Thompson RH, Kwon ED. Significance of B7-H1 overexpression in kid-
ney cancer. Clin Genitourin Cancer 2006; 5:206-11; PMID:17239274;
http://dx.doi.org/10.3816/CGC.2006.n.038

Xylinas E, Robinson BD, Kluth LA, Volkmer BG, Hautmann R, Kufer
R, Zerbib M, Kwon E, Thompson RH, Boorjian SA et al. Association
of T-cell co-regulatory protein expression with clinical outcomes fol-
lowing radical cystectomy for urothelial carcinoma of the bladder. Eur
J Surg Oncol 2014; 40:121-7; PMID:24140000; http://dx.doi.org/
10.1016/j.ejs0.2013.08.023

Boorjian SA, Sheinin Y, Crispen PL, Farmer SA, Lohse CM, Kuntz
SM, Leibovich BC, Kwon ED, Frank I. T-cell coregulatory molecule
expression in urothelial cell carcinoma: Clinicopathologic correlations
and association with survival. Clin Cancer Res 2008; 14:4800-8;
PMID:18676751; http://dx.doi.org/10.1158/1078-0432.CCR-08-0731
Faraj SF, Munari E, Guner G, Taube J, Anders R, Hicks J, Meeker A,
Schoenberg M, Bivalacqua T, Drake C et al. Assessment of tumoral
PD-L1 expression and intratumoral CD8+ T cells in urothelial carci-
noma. Urology 2015; 85:703.e1,703.e6; PMID:25733301; http://dx.doi.
org/10.1016/j.urology.2014.10.020

Sell K, Barth PJ, Moll R, Thomas MA, Zimmer N, Oplesch E, Gudo M,
Schrader M, Hofmann R, Schrader AJ. Localization of FOXP3-positive
cells in renal cell carcinoma. Tumour Biol 2012; 33:507-13;
PMID:22143939; http://dx.doi.org/10.1007/s13277-011-0283-1

Zhan HL, Gao X, Zhou XF, Pu XY, Wang DJ. Presence of tumour-infil-
trating FOXP34- lymphocytes correlates with immature tumour angio-
genesis in renal cell carcinomas. Asian Pac ] Cancer Prev 2012; 13:867-
72; PMID:22631663; http://dx.doi.org/10.7314/APJCP.2012.13.3.867
Winerdal ME, Marits P, Winerdal M, Hasan M, Rosenblatt R, Tolf A,
Selling K, Sherif A, Winqvist O. FOXP3 and survival in urinary blad-
der cancer. BJU Int 2011; 108:1672-8; PMID:21244603; http://dx.doi.
org/10.1111/j.1464-410X.2010.10020.x

Jensen HK, Donskov F, Nordsmark M, Marcussen N, von der Maase
H. Increased intratumoral FOXP3-positive regulatory immune cells
during interleukin-2 treatment in metastatic renal cell carcinoma.
Clin Cancer Res 2009; 15:1052-8; PMID:19188179; http://dx.doi.org/
10.1158/1078-0432.CCR-08-1296

Kang MJ, Kim KM, Bae JS, Park HS, Lee H, Chung MJ, Moon WS, Lee
DG, Jang KY. Tumor-infiltrating PDI-positive lymphocytes and
FoxP3-positive regulatory T cells predict distant metastatic relapse
and survival of clear cell renal cell carcinoma. Transl Oncol 2013;
6:282-9; PMID:23730407; http://dx.doi.org/10.1593/tl0.13256
deLeeuw RJ, Kost SE, Kakal JA, Nelson BH. The prognostic value of
FoxP3+ tumor-infiltrating lymphocytes in cancer: A critical review of
the literature. Clin Cancer Res 2012; 18:3022-9; PMID:22510350;
http://dx.doi.org/10.1158/1078-0432.CCR-11-3216

Als AB, Dyrskjot L, von der Maase H, Koed K, Mansilla F, Toldbod
HE, Jensen JL, Ulhoi BP, Sengelov L, Jensen KM et al. Emmprin and
survivin predict response and survival following cisplatin-containing
chemotherapy in patients with advanced bladder cancer. Clin Cancer
Res 2007; 13:4407-14; PMID:17671123; http://dx.doi.org/10.1158/
1078-0432.CCR-07-0109

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Baras AS, Gandhi N, Munari E, Faraj S, Shultz L, Marchionni L,
Schoenberg M, Hahn N, Hoque M, Berman D et al. Identification and
validation of protein biomarkers of response to neoadjuvant platinum
chemotherapy in muscle invasive urothelial carcinoma. PLoS One
2015; 10:e0131245; PMID:26230923; http://dx.doi.org/10.1371/
journal.pone.0131245

Taube JM, Klein A, Brahmer JR, Xu H, Pan X, Kim JH, Chen L,
Pardoll DM, Topalian SL, Anders RA. Association of PD-1, PD-1
ligands, and other features of the tumor immune microenviron-
ment with response to anti-PD-1 therapy. Clin Cancer Res 2014;
20:5064-74; PMID:24714771; http://dx.doi.org/10.1158/1078-0432.
CCR-13-3271

Inman BA, Sebo TJ, Frigola X, Dong H, Bergstralh EJ, Frank I, Fradet
Y, Lacombe L, Kwon ED. PD-L1 (B7-H1) expression by urothelial car-
cinoma of the bladder and BCG-induced granulomata: Associations
with localized stage progression. Cancer 2007; 109:1499-505;
PMID:17340590; http://dx.doi.org/10.1002/cncr.22588

Powles T, Eder JP, Fine GD, Braiteh FS, Loriot Y, Cruz C, Bellmunt J,
Burris HA, Petrylak DP, Teng SL et al. MPDL3280A (anti-PD-L1)
treatment leads to clinical activity in metastatic bladder cancer. Nature
2014; 515:558-62; PMID:25428503;  http://dx.doi.org/10.1038/
naturel3904

Taube JM, Anders RA, Young GD, Xu H, Sharma R, McMiller TL,
Chen S, Klein AP, Pardoll DM, Topalian SL et al. Colocalization of
inflammatory response with B7-h1 expression in human melanocytic
lesions supports an adaptive resistance mechanism of immune escape.
Sci Transl Med 2012; 4:127ra37; PMID:22461641; http://dx.doi.org/
10.1126/scitranslmed.3003689

Pardoll D, Drake C. Immunotherapy earns its spot in the ranks of can-
cer therapy. ] Exp Med 2012; 209:201-9; PMID:22330682; http://dx.
doi.org/10.1084/jem.20112275

Pardoll DM. The blockade of immune checkpoints in cancer immu-
notherapy. Nat Rev Cancer 2012; 12:252-64; PMID:22437870; http://
dx.doi.org/10.1038/nrc3239

Taube JM, Young GD, McMiller TL, Chen S, Salas JT, Pritchard TS,
Xu H, Meeker AK, Fan ], Cheadle C et al. Differential expression of
immune-regulatory genes associated with PD-L1 display in mela-
noma: Implications for PD-1 pathway blockade. Clin Cancer Res
2015; 21:3969-76; PMID:25944800; http://dx.doi.org/10.1158/1078-
0432.CCR-15-0244

Parsa AT, Waldron JS, Panner A, Crane CA, Parney IF, Barry J],
Cachola KE, Murray JC, Tihan T, Jensen MC et al. Loss of tumor sup-
pressor PTEN function increases B7-H1 expression and immunore-
sistance in glioma. Nat Med 2007; 13:84-8; PMID:17159987; http://dx.
doi.org/10.1038/nm1517

Zitvogel L, Apetoh L, Ghiringhelli F, Andre F, Tesniere A, Kroemer G.
The anticancer immune response: Indispensable for therapeutic suc-
cess? J Clin Invest 2008; 118:1991-2001; PMID:18523649; http://dx.
doi.org/10.1172/JCI35180

Choi W, Porten S, Kim S, Willis D, Plimack ER, Hoffman-Censits
J, Roth B, Cheng T, Tran M, Lee IL et al. Identification of distinct
basal and luminal subtypes of muscle-invasive bladder cancer
with different sensitivities to frontline chemotherapy. Cancer Cell
2014; 25:152-65; PMID:24525232; http://dx.doi.org/10.1016/j.
ccr.2014.01.009

Cancer Genome Atlas Research Network. Comprehensive molec-
ular characterization of urothelial bladder carcinoma. Nature
2014; 507:315-22; PMID:24476821; http://dx.doi.org/10.1038/
naturel2965

Van Allen EM, Mouw KW, Kim P, Iyer G, Wagle N, Al-Ahmadie
H, Zhu C, Ostrovnaya I, Kryukov GV, O’Connor KW et al.
Somatic ERCC2 mutations correlate with cisplatin sensitivity in
muscle-invasive urothelial carcinoma. Cancer Discov 2014;
4:1140-53; PMID:25096233; http://dx.doi.org/10.1158/2159-8290.
CD-14-0623

Ross JS, Wang K, Al-Rohil RN, Nazeer T, Sheehan CE, Otto GA, He J,
Palmer G, Yelensky R, Lipson D et al. Advanced urothelial carcinoma:
Next-generation sequencing reveals diverse genomic alterations and
targets of therapy. Mod Pathol 2013; 27(2):271-80; PMID:23887298;
http://dx.doi.org/10.1038/modpathol.2013.135


http://dx.doi.org/10.1016/j.urolonc.2015.02.011
http://dx.doi.org/10.1016/j.urolonc.2015.02.011
http://dx.doi.org/10.7150/jca.8167
http://dx.doi.org/10.1016/j.ccell.2015.03.001
http://dx.doi.org/10.1016/j.ccell.2015.03.001
http://dx.doi.org/16585157
http://dx.doi.org/10.1158/0008-5472.CAN-05-4303
http://dx.doi.org/17239274
http://dx.doi.org/10.3816/CGC.2006.n.038
http://dx.doi.org/24140000
http://dx.doi.org/10.1016/j.ejso.2013.08.023
http://dx.doi.org/10.1158/1078-0432.CCR-08-0731
http://dx.doi.org/25733301
http://dx.doi.org/10.1016/j.urology.2014.10.020
http://dx.doi.org/10.1007/s13277-011-0283-1
http://dx.doi.org/10.7314/APJCP.2012.13.3.867
http://dx.doi.org/21244603
http://dx.doi.org/10.1111/j.1464-410X.2010.10020.x
http://dx.doi.org/19188179
http://dx.doi.org/10.1158/1078-0432.CCR-08-1296
http://dx.doi.org/10.1593/tlo.13256
http://dx.doi.org/22510350
http://dx.doi.org/10.1158/1078-0432.CCR-11-3216
http://dx.doi.org/10.1158/1078-0432.CCR-07-0109
http://dx.doi.org/10.1158/1078-0432.CCR-07-0109
http://dx.doi.org/10.1371/journal.pone.0131245
http://dx.doi.org/10.1371/journal.pone.0131245
http://dx.doi.org/10.1158/1078-0432.CCR-13-3271
http://dx.doi.org/10.1158/1078-0432.CCR-13-3271
http://dx.doi.org/10.1002/cncr.22588
http://dx.doi.org/10.1038/nature13904
http://dx.doi.org/10.1038/nature13904
http://dx.doi.org/22461641
http://dx.doi.org/10.1126/scitranslmed.3003689
http://dx.doi.org/22330682
http://dx.doi.org/10.1084/jem.20112275
http://dx.doi.org/22437870
http://dx.doi.org/10.1038/nrc3239
http://dx.doi.org/10.1158/1078-0432.CCR-15-0244
http://dx.doi.org/10.1158/1078-0432.CCR-15-0244
http://dx.doi.org/17159987
http://dx.doi.org/10.1038/nm1517
http://dx.doi.org/18523649
http://dx.doi.org/10.1172/JCI35180
http://dx.doi.org/10.1016/j.ccr.2014.01.009
http://dx.doi.org/10.1016/j.ccr.2014.01.009
http://dx.doi.org/10.1038/nature12965
http://dx.doi.org/10.1038/nature12965
http://dx.doi.org/10.1158/2159-8290.CD-14-0623
http://dx.doi.org/10.1158/2159-8290.CD-14-0623
http://dx.doi.org/23887298
http://dx.doi.org/10.1038/modpathol.2013.135

37.

38.

39.

40.

Groenendijk FH, de Jong J, Fransen van de Putte EE, Michaut M,
Schlicker A, Peters D, Velds A, Nieuwland M, van den Heuvel MM
et al. ERBB2 mutations characterize a subgroup of muscle-invasive
bladder cancers with excellent response to neoadjuvant chemotherapy.
Eur Urol. 2016 Mar; 69(3):384-8; PMID:25636205; http://dx.doi.org/
10.1016/j.eururo.2015.01.014.

Amin MB. Histological variants of urothelial carcinoma: Diagnostic, thera-
peutic and prognostic implications. Mod Pathol 2009; 22 Suppl 2:596-
S$118; PMID:19494856; http://dx.doi.org/10.1038/modpathol.2009.26
Lindgren D, Frigyesi A, Gudjonsson S, Sjodahl G, Hallden C, Chebil
G, Veerla S, Ryden T, Mansson W, Liedberg F et al. Combined gene
expression and genomic profiling define two intrinsic molecular
subtypes of urothelial carcinoma and gene signatures for molecular
grading and outcome. Cancer Res 2010; 70:3463-72; PMID:20406976;
http://dx.doi.org/10.1158/0008-5472.CAN-09-4213

Lindgren D, Sjodahl G, Lauss M, Staaf ], Chebil G, Lovgren K, Gud-
jonsson S, Liedberg F, Patschan O, Mansson W et al. Integrated

41.

42.

43.

ONCOIMMUNOLOGY e1134412-7

genomic and gene expression profiling identifies two major genomic
circuits in urothelial carcinoma. PLoS One 2012; 7:¢38863;
PMID:22685613; http://dx.doi.org/10.1371/journal.pone.0038863
McConkey D], Lee S, Choi W, Tran M, Majewski T, Lee S, Siefker-
Radtke A, Dinney C, Czerniak B. Molecular genetics of bladder can-
cer: Emerging mechanisms of tumor initiation and progression. Urol
Oncol 2010; 28:429-40; PMID:20610280; http://dx.doi.org/10.1016/j.
urolonc.2010.04.008

Sjodahl G, Lauss M, Lovgren K, Chebil G, Gudjonsson S, Veerla S,
Patschan O, Aine M, Ferno M, Ringner M et al. A molecular taxon-
omy for urothelial carcinoma. Clin Cancer Res 2012; 18:3377-86;
PMID:22553347; http://dx.doi.org/10.1158/1078-0432.CCR-12-0077-T
Sjodahl G, Lovgren K, Lauss M, Patschan O, Gudjonsson S, Chebil G,
Aine M, Eriksson P, Mansson W, Lindgren D et al. Toward a molecu-
lar pathologic classification of urothelial carcinoma. Am ] Pathol
2013; 183:681-91; PMID:23827819; http://dx.doi.org/10.1016/j.
ajpath.2013.05.013


http://dx.doi.org/10.1038/modpathol.2009.26
http://dx.doi.org/20406976
http://dx.doi.org/10.1158/0008-5472.CAN-09-4213
http://dx.doi.org/10.1371/journal.pone.0038863
http://dx.doi.org/10.1016/j.urolonc.2010.04.008
http://dx.doi.org/10.1016/j.urolonc.2010.04.008
http://dx.doi.org/10.1158/1078-0432.CCR-12-0077-T
http://dx.doi.org/10.1016/j.ajpath.2013.05.013
http://dx.doi.org/10.1016/j.ajpath.2013.05.013

	Abstract
	Introduction
	Results
	Cohort characteristics
	MIBC PD-L1 expression correlates with tumor-infiltrating lymphocyte (TIL) density
	CD8/Treg ratio (but not tumor cell PD-L1 expression) correlates with cNAC response

	Discussion
	Methods
	Clinical cohort
	Pathologic assessments
	Tissue microarray construction and immunohistochemical assessments
	Statistical analyses

	Disclosure of potential conflicts of interest
	References

