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Abstract

Penile cancer (PeCa) is a rare disease with poor prognosis in the metastatic stage. Neither effective adjuvant nor palliative
therapeutic options are available. Research efforts in this field have so far failed to establish robust predictors of survival.
To identify prognostic targets in PeCa, the current project focused on characterizing the tumor microenvironment (TME). A
study cohort of 93 men with PeCa was used for the construction of a tissue microarray and immunohistochemical staining
for CD3, CD4, CD8, CD20, CD56, CD138, FoxP3, and PD-L1. The quantity and spatial distribution of tumor-infiltrating
immune cells were analyzed using digital image analysis. PD-L1 staining of tumor and immune cells was manually scored
(combined positivity score (CPS)). T cells, T helper cells, cytotoxic T cells (CTLs), and regulatory T cells were detected
in>90% of PeCa and B cells in 88%, plasma cells in 85%, and NK cells in 23%. Approximately 50% of the PeCa samples
were PD-L1 positive. In the univariate survival analysis, high PD-L1 CPS, plasma cells, CTLs, and B cells were significantly
associated with favorable overall survival (OS), and the latter two with adverse recurrence-free survival. In multivariate
analysis, plasma cells remained a significant factor for favorable OS (p =0.04). In this study, the immune cells in the TME,
especially plasma cells, were favorably associated with patient survival compared to other established prognostic factors in
PeCa. Contemporarily, plasma cells have been discussed in the light of contributing to responses to modern immunotherapies.
The results of this study support this notion.
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Introduction

Penile cancer (PeCa) is a rare disease with 26,000 cases per
year worldwide [1]. Infection with human papilloma virus
(HPV), especially the high-risk subtypes 16 and 18, phi-
mosis and smoking are associated with an increased risk of
PeCa [2]. Histologically, PeCa is a squamous cell carcinoma
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(SCC) of the usual type in most cases. Other subtypes, such
as basaloid SCC, are predominant in men with HPV infec-
tions. During the clinical course, PeCa can infiltrate the
cavernous bodies and access the lymphatic system or blood
vessels with the risk of lymphatic or distant dissemination.
While patients with localized disease have an excellent
prognosis with a 5-year disease-specific survival (DSS) of
95%, these rates for patients with advanced stages range
between 80 and 35%, depending on the extent of lymph node
involvement, and 16% for patients with distant metastasis
[3]. Penile-sparing surgery or other local treatment options
are the standard of care for localized tumor stages, with a
focus on optimal oncological and functional outcomes [4].
The treatment of choice for locally advanced disease is par-
tial or radical penectomy, combined with surgical staging
of the groins. In metastatic PeCa, state-of-the-art therapy
encompasses platinum-based chemotherapy protocols [4].
Since PeCa is a disease with a low incidence, evi-
dence for optimal treatment strategies in different therapy
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settings is limited, and there is an urgent need for novel
treatment regimens as well as reliable predictive and
prognostic parameters. HPV status is important for risk
stratification since patients with HPV-associated tumors
usually exhibit a better prognosis and might benefit from
HPV vaccination in combination with immune check-
point inhibitors (ICIs) [5]. Other promising treatment
options include targeted therapies and ICI [5-7]. In recent
years, the tumor microenvironment (TME) with tumor-
infiltrating immune cells and the expression of immune
checkpoint receptors of both tumor and immune cells have
gained increasing attention owing to their prognostic value
for patient survival and response to therapy.

There are limited data on the impact of tumor-infiltrat-
ing immune cells and PD-L1 on the prognosis of patients
with PeCa. Thus, the aim of this study was to analyze
the content and spatial distribution of immune cells in
the TME of the PeCa cohort of the University Medical
Center Mainz, and to correlate the density of these cells
with clinical outcomes and clinicopathological parameters.

Methods and materials
Study cohort

The study cohort comprised 93 men with non-metastatic
invasive squamous cell carcinoma of the penis who under-
went surgical treatment at the Department of Urology of
the University Medical Center of the Johannes Gutenberg
University Mainz between 1996 and 2019, as previously
described [6, 7]. Briefly, all patients received primary sur-
gery without prior systemic treatment and the consecu-
tive disease management adhered to the currently valid
European Association of Urology (EAU) Guidelines on
Penile Cancer. Comprehensive information on clinical
patient characteristics, such as age at diagnosis, HPV sta-
tus, treatment, and survival, and pathological tumor fea-
tures, such as tumor grade and stage was collected. All
tumors were re-staged according to the 8th edition of the
TNM classification [8]. The HPV-Status was assessed
through PCR-based sequencing as previously described
[6, 7]. Locally advanced tumors were defined as pathologi-
cal disease states pT3 and pT4. Disease recurrence was
defined as previously described [6, 7]. The study proto-
col was designed in accordance with the principles of the
Declaration of Helsinki. The use of excess tissue samples
older than 4 years was approved, and the need for written
informed consent from the patients was waived by the Eth-
ics Committee of the State Medical Association of Rhine-
land-Palatinate because of the retrospective design of the
study (ethics approval number: 837.360.16 (10,679)).
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Tissue microarray construction
and immunohistochemistry

All patients with available formalin-fixed paraffin-embedded
PeCa tissue samples were included, and the tissue microar-
ray (TMA) was constructed as previously described [6]. The
TMA slides were immunohistochemically stained for CD3
(IR503, Dako, Glostrup, Denmark), CD4 (4B12, Dako),
CD8 (C8/144B, Dako), CD20 (IR604, Dako), CD56 (123C3,
Dako), CD138 (MI15, Dako), FoxP3 (236A/E7, Abcam,
Cambridge, United Kingdom), and PD-L1 (EPR19759,
Abcam) using automated immunostainers (autostainer plus,
Dako).

Digital image analysis

All slides were digitalized using a digital whole-slide scan-
ner (Nanozoomer, Hamamatsu Photonics, Hamamatsu,
Japan) and analyzed using the HALO® platform (Indica
Labs, Corrales, NM, USA). Digital image analysis was per-
formed as previously described [9-11]. Briefly, the TMA
cores were manually annotated to differentiate between the
tumor parenchyma and tumor-associated stroma. The size of
the respective areas and biomarker-positive cells were quan-
tified using detection algorithms implemented in HALO®.
These algorithms can automatically differentiate between
stain-positive and stain-negative cells after manual adjust-
ment of the thresholds. A representative set of cores was
used to define the analysis settings and thresholds for each
stain. To avoid distortion of the results, small areas with
strong artificial overlap and detritus were manually excluded
from the analysis by annotation layers. Missing or erroneous
TMA cores were excluded from analysis. The settings of
the analysis algorithms were validated on a set of randomly
selected cores, especially with regard to the false detec-
tion of aberrantly stained cells (e.g., tumor cell positivity
for CD138) and the results were checked for plausibility.
The final immune cell density was calculated as follows: (1)
immune cell density in the tumor parenchyma=number of
immune cells in the tumor parenchyma/mm? tumor paren-
chyma, (2) immune cell density in the tumor-associated
stroma =number of immune cells in the tumor-associated
stroma/mm? tumor-associated stroma, (3) total immune cell
density =number of immune cells in the tumor parenchyma
and associated stroma/mm? tumor parenchyma and associ-
ated stroma.

PD-L1 scoring

PD-L1 expression was manually scored. The tumor pro-
portion score (TPS) is the proportion of PD-L1 positive
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tumor cells to total tumor cells, the combined positivity =~ Table 1 Patient cohort
score (CPS) is the proportion of PD-L1 positive tumor cells N %
and associated immune cells to total tumor cells, and the
immune cell score (IC) is the proportion of the area of posi-  Cohort size 93 100
tive immune cells to the total tumor area. Age at diagnosis
<65 years 44 47.3
Statistical analysis > 65 years 49 52.7
Primary tumor
For dichotomization, the Charité Cutoff finder [12] was used surgery
to distinguish between low and high expression levels based Circumcision 8 8.6
on patient survival data. Overall survival (OS), recurrence- Tumor excision 4 43
free survival (RFS), and disease-specific survival (DSS) Partial penectomy 33 9.1
were defined as previously described [6, 7]. The survival Total penectomy % 269
curves were depicted by Kaplan—Meier plots, and the sig- Missing ! L1
nificance of differences was calculated with the log-rank ~ Histelogic subtype
test. The Cox regression model was used for the univariate Usual t~y pe I 79:6
and multivariate analyses. The association of the immune Bésa?md 15 lol
cell densities with the clinicopathological parameters was Missing . 4 4.3
tested for significance using the Mann—Whitney-Wilcoxon Tumor grading
test. Differences were considered significant when the error Gl/G2 70 5.3
probability was less than 0.05. G3/G4 21 226
Missing 2 2.2
Tumor stage
Results pTl 35 37:6
pT2 27 29.0
Patient collective pT3 27 29.0
Missing 4 4.3
A total of 93 patients with PeCa with a mean age at diag- Lymph node metastasis
nosis of 65.0 years were included in the study cohort NO/Nx 60 645
(Table 1). The median age at diagnosis was 67 years (range N1 ! 73
31-90 years). Eight (8.6%) patients underwent circumcision, N2 6 6.5
four (4.3%) underwent tumor excision, 55 (59.1%) under- N3. ] 0 07
went partial penectomy, and 25 (26.9%) underwent total Missing i 138
penectomy. A total of 21 (22.6%) patients had high-grade Recurrence status
tumors, 27 (29.0%) had locally advanced tumor stages, 22 No 78 83.9
(23.7%) had lymph node metastases, and 24 (25.8%) had ¢ 15 16.1
associated HPV infection (Table 1). Subsequent
therapy
None 67 72
!mmunohistochemistry of tumor-infiltrating CTX iy 172
immune cells and PD-L1 Radiation ) L1
Cytotoxic T cells (CTL) were present in all analyzed PeCa g;l;n(;:;ra diation g g;
samples (91/91 analyzed tumors). Regulatory T cells (Tregs) Missing | 11
were detected in 88 PeCa (88/93 analyzed tumors), T cells in HPV infection
§7 PeCa (87/89 analyzed tumors), T helper cell.s (Th cells) Negative 68 731
in 82 PeCa (82/89 analyzed tumors), B cells in 80 PeCa Positive o4 25.8
(80/91 analyzed tumors), plasma cells in 78 PeCa (78/92 Missing | 11
analyzed tumors), and natural killer cells (NK cells) in 21 Tumor-dependent
PeCa (21/92 analyzed tumors). In the spatial analysis, there  geath
were higher mean and median densities of all analyzed No 81 87.1
immune cell subtypes in the tumor-associated stroma than in Yes 12 12.9

the tumor parenchyma, except for NK cells. Approximately
one-third of all analyzed PeCa samples were positive for

N number, CTX chemotherapy
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PD-L1, as assessed by the TPS (31/90 analyzed tumors) or
the IC (33/90 analyzed tumors). Approximately half of the
tumors were PD-L1 positive using the CPS (48/90 analyzed
tumors). The results are presented in Table 2.

Association of tumor-infiltrating immune cells
and PD-L1 with clinicopathological parameters

Patients who died from any cause had lower densities of
CTL and tumor-infiltrating B cells (TIL-B) (p <0.05) as well
as lower PD-L1 CPS and IC (p £0.05). A higher density
of Th cells and CTL was present in the tumor-associated
stroma (p <0.05) of patients with disease relapse and a lower
PD-L1 CPS and IC (p £0.05) or lower TIL-B (»p <0.05) in
patients with lymph node metastases or distant metastases,
respectively. HPV positivity was associated with higher
densities of tumor-infiltrating Th cells and NK cells and a
higher PD-L1 IC score compared to HPV-negative PeCa
(p £0.05). Patients with associated lichen sclerosus had a
higher density of tumor-infiltrating NK cells (p <0.01) and
Tregs (p £0.05), and patients with associated balanopost-
hitis had a higher density of TIL-B (p <0.05). Pre-existing

conditions were associated with altered densities of tumor-
infiltrating immune cells, such as adiposity with higher
TIL-B (p <0.05) and Tregs (p <0.05), smoking with lower
NK cells (p £0.05) and Tregs (p <0.05), and diabetes mel-
litus with a lower density of tumor infiltrating T cells as well
as a lower PD-L1 TPS (p <0.05). The results are presented
in Table 3.

Survival analysis

The patient cohort was dichotomized into PeCa with low
and high immune cell infiltration, or PD-L1 expression
(Fig. 1 and Supplemental Table 1). High infiltration of
CTL, TIL-B, and plasma cells, as well as a high PD-L1
CPS, was significantly associated with prolonged OS
(Fig. 2A). Furthermore, high levels of CTL and TIL-B
levels were associated with reduced RFS (Fig. 2B).
Plasma cells and PD-L1 expression had no prognostic
effect on RFS (Fig. 2B). In the extended univariate sur-
vival analysis using the Cox proportional hazard model,
high PD-L1 CPS (p=0.04), high total T cell infiltration
(p=0.03), high total (p =0.04) or stromal (p =0.02)

Table2 PD-L1 scores and

- AR Immune cells PD-L1 score/ Total NA Pos.cases Min Median Max Mean STD
flensmes and ‘,hsmbl_mon of (biomarker) compartment N N N (%)
immune cells in penile cancer
TPS 90 3 31(344) O 0 80.0 54 13.5
PD-L1 CPS 90 3 48(533) O 0.5 90.0 6.5 14.0
IC 90 3 33(36.7) O 0 10.0 0.8 1.8
Total 88 5 87(98.9) O 729.758 463422 1036.7 1028.4
T cells Tumor 88 5 87(98.9) 0 496.381 3398.86  788.25 791.64
(CD3) Stroma 88 5 87(98.9) 0 1502.46 5033.41 1805.2 1400.6
Total 89 4 82(92.1) O 70.6173 40494 218.93 489.9
T helper cells  Tumor 89 4 82 (92.1) 0 40.2607 1379.91 109.64 186.17
(CD4) Stroma 88 5 79(89.8) O 131.99  4849.17 448.86 744.71
Total 91 2 91 (100) 59 2835 32214 505.7  620.7
CTL Tumor 90 3 90 (100) 5.1 146.6 3601.5 3989 6164
(CD8) Stroma 88 5 88 (100) 10.5 508.0 2964.4 7502 7272
Total 91 2 80(87.9) 0 20.7 1144.8 107.5 2142
B cells Tumor 93 2 65(69.9) 0 24 619.4 384 1169
(CD20) Stroma 89 4 73(82.0) O 58.9 3052.7 238.7 494.6
Total 92 1 21(22.8) O 0 323.2 11.7 479
NK cells Tumor 93 0 16(17.2) O 0 468.8 14.3 65.5
(CD56) Stroma 91 2 17(18.7) O 0 512.4 13.1 58.1
Total 92 1 78(84.8) O 243 1829.4 157.1 3165
Plasma cells Tumor 91 2 25(27.5) O 0 208.4 4.3 22.5
(CD138) Stroma 87 6 73(83.9) O 112.3 5687.5 6714 1112.1
Total 93 0 88(946) O 222 628.1 57.6  104.0
Treg Tumor 93 0 83(89.2) O 9.3 934.8 334  104.6
(FoxP3) Stroma 93 0 86(925) O 76.4 21553 199.2 3248

N number, NA not analyzed, Pos. positive, Min minimum, Max maximum, STD standard deviation, PD-L]
programmed death receptor ligand 1, CTL cytotoxic T cells, NK cells natural killer cells, Treg regulatory T
cells, TPS tumor proportion score, CPS combined proportion score, /C immune cells
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Table 3 . As.sociation of tumor N Mean + STD N Mean
infiltrating immune cells with . .
clinical parameters Overall survival status Alive Deceased p value
PDL1 CPS 61 7.57+14.1 26 4.75+14.44 <0.05
PDL1IC 61 1.03+2.1 26 0.15+0.34 <0.05
CDS total 60 612.96 +712.79 28 310.04+306.2 <0.05
CD20 tumor 59 55.03+142.32 29 747+1692 <0.05
Disease relapse Absent Present
CD4 stroma 70 451.56 +744.92 13 797.5+£798.04 <0.05
CDS8 stroma 71 706.93 +£693.24 14 1080.46 +866.32 <0.05
Lymph nodemetastasis  Absent Present
PDL1 CPS 55 7.95+14.34 22 491+1549 <0.05
PDL1 IC 55 1.11+2.19 22 0.12+0.28  <0.05
Distant metastasis Absent Present
CD20 tumor 24 30.41+119.98 4 0.38+0.44 <0.05
HPV Absent Present
PDL1 IC 66 0.7+1.89 21 099+153 <0.05
CD4 total 63 233.56 +544.66 21 270.99+344.21 <0.05
CD4 tumor 63 87.14+189.83 21 157+172.9 <0.05
CD56 tumor 67 12.61+67.15 22 21.85+67.29 <0.05
CD56 total 67 8.78 +40 22 22.11+68.95 <0.05
Lichen sclerosus Absent Present
CD56 stroma 84 12.88 +60.05 4 28.39+29.81 <0.01
CD56 total 84 11.67+49.88 5 18.91+20.08 <0.01
FoxP3 stroma 84 182.09+323.5 5 446.8+330.44 <0.05
Balanoposthitis Absent Present
CD20 tumor 79 27.52+85.28 9 143.22 +262.54 <0.05
Adipositas Absent Present
CD20 total 75 100.97 +£218.82 13 150.84+210.25 <0.05
CD20 tumor 75 23.79+79.84 13 129.17+£229.51 <0.05
FoxP3 tumor 76 20.28+41.12 13 41.1+60.98 <0.05
Smoking Absent Present
CD56 stroma 65 18.37+68.14 23 0.05+0.22 <0.05
CD56 total 66 16.23 +56.02 23 0.16+0.76  <0.05
FoxP3 stroma 66 235.55+365.41 23 86.25+133.87 <0.01
FoxP3 total 66 58.99+96.57 23 26.9+4525 <0.05
Diabetes mellitus Absent Present
PDL1 TPS 70 6.73+14.97 17 0.88+2.64 <0.05
CD3 total 68 1240.55+1066.88 15 647.92+525.95 <0.05

N number, STD standard deviation

CTL infiltration, high TIL-B infiltration in any compart-
ment (p <0.05), and high total plasma cell infiltration
(p=0.04) were associated with favorable OS (Supplemen-
tal Table 1). The combination of chemotherapy and radia-
tion was associated with worse OS (p =0.03). In contrast,
a high amount of total (p =0.048) or stromal (p =0.04)
T cells, of total (p =0.04) or intratumoral (p =0.03) Th
cells, of total (p =0.04) or stromal (p=0.01) CTL, and of
total (p =0.03) TIL-B or TIL-B in the tumor parenchyma
(p=0.047) were associated with unfavorable RFS (Sup-
plemental Table 2). Again, high infiltration of TIL-B in

the tumor parenchyma was associated with favorable DSS
(p =0.03), whereas lymph node metastases (p <0.01) and
radiation therapy (p =0.01) or combined chemotherapy
and radiation therapy (p =0.003) were associated with
unfavorable DSS (Supplemental Table 1). Next to the
established risk factors tumor grading, stage, and lymph
node metastasis, the biomarkers PD-L.1 CPS and the T
cell subtypes Th cells and CTL as well as TIL-B and
plasma cells were included in the multivariate survival
analysis when significantly associated with survival in
the respective univariate survival analysis. Lymph node
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Fig. 1 Tumor-infiltrating immune cells and PD-L1 in penile cancer
(PeCa). All samples of the patient cohort were immunohistochemi-
cally stained for PD-L1 expression, CD3 for detection of T cells, CD4
for T helper cells, CD8 for cytotoxic T cells, FoxP3 for regulatory T

metastasis was a significant prognostic factor for adverse
OS (p=0.003) and DSS in patients with PeCa (p =0.005)
(Table 4). In contrast, a high infiltration of total plasma
cells was significantly associated with favorable OS in

@ Springer

cells, CD20 for B cells, CD138 for plasma cells, and CD56 for natu-
ral killer cells. The patient cohort was then dichotomized into tumors
with low or high immune cell infiltrate or PD-L1 score, respectively.
Scale bar represents 500 um

patients with PeCa (p =0.04) (Table 4). Tumor grading
and stage, PD-L1 CPS, Th cells, CTL, TIL-B, and B cells
in the tumor parenchyma were not significant prognostic
factors in multivariate analysis (Table 4).
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Fig.2 Survival curves of tumor infiltrating immune cells and PD-L1 CPS were quantified for every patient and dichotomized into low and
combined positivity score (CPS) for patients with penile cancer. high levels. The survival curves for A overall survival and B recur-

The densities of CD8+cytotoxic T cells (CTL), CD20+B cells, rence-free survival were plotted using the Kaplan—-Meier method
CD138 + plasma cells in the tumor microenvironment, and the PD-L1
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Table 4 Multivariate survival analysis

N (0N N RFS N DSS
HR CI(95%) p value HR CI(95%) p value HR CI(95%) p value

Tumor grading

G3/G4 vs. G1/G2 18 vs.58 0.8 0.3-2.2 0.7 17vs.58 22 0.5-99 0.3 18vs.61 05 0.1-24 0.4
Tumor stage

T3 vs. TI/T2 25vs.51 03  0.1-1.2 0.1 24vs.51 03 0.1-1.8 0.2 25vs.54 02 0.03-1.8 0.2
Lymph node
metastasis

pres. vs. abs 22vs.54 5.8 1.8-18.3 0.003 22vs.53 1 0.2-4.9 0.9 22vs.57 7.6 1.8-31.5 0.005
PD-L1 CPS

High vs. low 28vs. 48 0.6 0.2-19 0.4 NA NA NA NA NA NA NA NA
CD8 total

High vs. low 36vs.40 0.7 0.2-1.9 0.4 32vs.43 2.7 0.6-123 0.2 NA NA NA NA
CD20 total

High vs. low 15vs.61 02 0.02-14 0.1 24vs.51 1.5 03-73 0.6 NA NA NA NA
CD138 total

High vs. low 63vs.13 0.3 0.1-095 0.04 NA NA NA NA NA NA NA NA
CD20 tumor

High vs. low NA NA NA NA NA NA NA NA 42vs.37 04 0.1-1.8 0.2
CD4 total

High vs. low NA NA NA NA 35vs.40 39 0.7-219 0.1 NA NA NA NA

OS overall survival, RFS recurrence-free survival, DSS disease-specific survival, HR hazard’s ratio, N number, CI confidence interval, pres. pre-

sent, abs. absent, CPS combined proportion score, NA not analyzed

Discussion

The present study analyzed the prognostic impact of tumor-
infiltrating immune cells and PD-L1 expression in patients
with PeCa. To this end, tumor-infiltrating immune cells in
the tumor parenchyma and associated stroma and PD-L1
status (TPS, CPS, IC) were quantified, and the results were
correlated with patient survival and clinicopathological
parameters. The main finding of this study was that high
densities of plasma cells were associated with favorable OS
(70% reduction in mortality risk) for patients with PeCa
in the multivariate survival analysis (Table 4). Thereby,
in this study, plasma cells were superiorly associated with
the outcome compared to established prognostic factors,
such as tumor stage or grading. Plasma cells are terminally
differentiated B cells and exert their immunological func-
tions mainly through the secretion of antibodies of either
the IgM-, IgG-, or the IgA-subtype [13]. After recognizing
their tumor-specific antigen and binding to the surface of
tumor cells, the antibodies can induce a plethora of different
effects, such as antibody-dependent cell-mediated cytotox-
icity or phagocytosis, but also complement activation [14].
This plethora of different effects contributes to both anti-
and pro-tumor immunity. Plasma cells, when assessed with
CD138, are associated with favorable prognosis in colorec-
tal cancer, esophageal cancer, and melanoma, but also with
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unfavorable prognosis in ovarian cancer, breast cancer, and
melanoma [15]. To date, investigations on plasma cells in
PeCa, limited to tumors of the usual type only, have not
shown any significant prognostic value of this immune cell
subtype [16]. In addition to its prognostic value, higher
plasma cell levels were observed in the TME of renal cell
carcinoma and non-small-cell lung cancer after response to
immunotherapy [17]. In bladder cancer, the level of plasma
cell infiltration was higher in the group of patients with
response to ICI compared to non-responders [18]. This is
especially interesting, since the contribution of TIL-B and
plasma cells to the response to immunotherapy has recently
gained more attention. However, the results on the effective-
ness of ICI therapy for patients with PeCa remain incon-
clusive. Different targeted therapy regimens, including ICI,
have been tested for patients with PeCa; however, they were
hampered by the rarity of the disease. Three patients with
nodal positive PeCa, ineligible for chemotherapy, received
therapy with cemiplimab in the first-line setting and showed
a partial response (PR) [19]. In a phase 1 study of meta-
static genitourinary tumors using the combination of cabo-
zantinib and nivolumab with or without ipilimumab in the
second-line setting, three patients with metastatic PeCa were
included: one showed PR and two showed stable disease
[20]. In a basket trial of HPV-associated carcinomas inves-
tigating the effectiveness of a therapeutic HPV vaccine in
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combination with durvalumab, two patients with PeCa were
included, and one of them showed a response to therapy
[21]. In a phase 2 trial comparing the combination of radio-
therapy and atezolizumab with atezolizumab monotherapy,
32 patients with advanced PeCa were included, and the
overall response rate (ORR) was 16.7% [22]. Another study
including 92 patients with advanced PeCa and subsequent
treatment with ICI reported an ORR of 13% [23]. To date,
microsatellite instability, tumor mutational burden [24],
and HPV infection [25] are promising candidates as pre-
dictive biomarkers for ICI in PeCa to stratify patients with
benefit from this treatment. Along with the findings in the
present study, it is interesting that tertiary lymphoid struc-
tures (TLS), which mainly consist of B cells and mimic the
architecture of lymph nodes and other secondary lymphoid
organs, are associated with a better response to ICI [26].
TLS provide a niche for immune cell priming and recovery
close to the tumor, thereby driving and maintaining effective
anti-tumor activity [27]. Taken together, the present study
sheds new light on the role of plasma cells in patients with
PeCa. These findings should be validated on larger patient
cohorts. Further research in the field of immunotherapy
should focus on plasma cells, TIL-B, and TLS.

Next to a high infiltration of plasma cells, high densities
of CTL and TIL-B were also prognostic for favorable OS
and in the case of TIL-B and CTL also for adverse RFS
in the univariate analysis (Fig. 2, Supplemental Table 1).
However, these associations were not significant in multi-
variate analysis (Table 4). Therefore, the robustness of these
results should be validated in further detail. In our study, the
presence of Treg was not prognostic for patient outcomes
(Supplemental Table 2). This is in contrast to another study
which found a high infiltration of Treg to be an independ-
ent prognostic factor for unfavorable disease-free survival
[16]. However, differences in the study design might explain
the discrepant results, e.g., inclusion of PeCa of the usual
type only vs. several PeCa subtypes and analysis of highly
inflamed tumor areas only vs. several tumor areas to over-
come intratumoral heterogeneity.

For further interpretation of the PD-L1 results, a liter-
ature search on PD-L1 analyses on PeCa was undertaken
and revealed a heterogeneous landscape of methodologies,
used PD-L1 antibodies, definitions of PD-L1 positivity and
PD-L1 cutoffs [28-39]. Table 5 provides an overview. The
cutoffs used for the dichotomization of the study cohort in
PeCa with low and high PD-L1 status and the positivity
rate are comparable to the relevant literature (Table 5). In
our study, a high PD-L1 CPS was significantly associated
with favorable OS in the univariate analysis (Supplemental
Table 2), but not in the multivariate (Table 4). So far, the
other studies reported either an association with adverse sur-
vival or no significant prognostic impact. However, a high
number of tumor associated immune cells was associated

with prolonged OS and increased PD-L1 CPS [36]. This
association leads to the assumption that a high PD-L1 CPS is
a surrogate marker for an immune cell-rich TME in patients
with PeCa, which is crucial for anti-tumor immunity. In con-
trast, another study using PD-L1 CPS reported adverse prog-
nostic effects of PD-L1 in patients with PeCa [37]. Taken
together, the prognostic and predictive values of PD-L1 in
patients with PeCa remain inconclusive which calls for a
harmonized consensus of PD-L1 evaluation in PeCa.

In this study, 25% of the patients were HPV-positive,
and HPV infection was not a significant factor for patient
outcomes. However, HPV-positive PeCa were associated
with a significantly higher infiltration of NK cells and a sig-
nificantly higher PD-L1 IC score than HPV-negative tumors
(Table 3). A higher, yet non-significant, NK cell infiltration
in HPV-positive PeCa has been previously demonstrated
[40]. The association with the PD-L1 IC score might again
be a correlate for more abundant immune cell infiltration
in HPV-positive PeCa, as has been shown previously [40].
In general, HPV status can differentiate PeCa into two dif-
ferent pathways of carcinogenesis with different molecular
alterations and implications for prognosis and therapy [41].
In the present study, HPV status had no prognostic effect
(Supplemental Table 1) or any significant association with
TIL-B or CTL (Table 3). Interestingly, pre-existing adiposity
was associated with significantly increased TIL-B and Treg
levels in the tumor (Table 3). In a murine model, obesity
alters metabolism in the tumor microenvironment, thereby
promoting tumor growth and impairing CTL responses [42].
Adiposity is also correlated with B cell dysfunction, result-
ing in enhanced autoimmunity and reduced antibody pro-
duction [43]. Thus, the increased levels of TIL-B in PeCa
of adipose patients (Table 3) are not necessarily a sign of
enhanced anti-tumor immunity. The association between
TIL-B, obesity, and PeCa and the implications for prognosis
and therapy need to be investigated in further detail.

The limitations of this study are its retrospective design,
limited sample size, varying duration of FFPE tissue stor-
age, and a bias in the analysis on the prognostic value for
DSS through the low number of tumor-specific deaths in
this study cohort.

Conclusion

In summary, in the current study, plasma cells provide supe-
rior information on the prognosis of patients with PeCa com-
pared to standard prognostic factors, such as tumor stage or
grade. These findings should be validated in further detail
using larger patient cohorts. In general, research on the
TME of PeCa should focus on plasma cells and TIL-B with
respect to response prediction to immunotherapy.

@ Springer
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