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1,3,4

Uterine cervical adenocarcinoma is rare, but its prevalence has increased. To
improve outcomes and ensure the suitability of recent immunotherapies, the aim of
this study was to evaluate the clinicopathological impact of the tumor immune
microenvironment of uterine cervical adenocarcinoma. We investigated 148 adeno-
carcinoma cases, including 21 cases of adenocarcinoma in situ (AIS) and 127 cases
of invasive adenocarcinoma, using immunohistochemistry to detect tumor-infiltrating
immune cells and the expression of programmed cell death 1 ligand-1 (PD-L1) and
p16 on tumor cells. We then carried out correlation and survival analyses. The den-
sity of immune cells and expression levels were compared between the tumor cell
nest and stroma and between AIS and invasive adenocarcinoma using digital image
analysis. A higher density of tumor-infiltrating CD204" M2 macrophages was signifi-
cantly associated with shorter disease-free survival, although no other tumor-infil-
trating immune cells were prognostic, including CD4", CD8*, FOXP3*, and PD-1"
lymphocytes and CD68" macrophages. The density of stroma-infiltrating lympho-
cytes and macrophages was significantly higher in invasive adenocarcinoma than in
AIS. The density of tumor-infiltrating lymphocytes in p16-expressing human papillo-
mavirus (HPV)-positive tumors was significantly higher than that in HPV-negative
tumors. The HPV status was not associated with patient outcome. Expression of
PD-L1 on tumor cells was found only in invasive adenocarcinoma cases (17.3%). A
higher density of stroma-infiltrating lymphocytes and macrophages was found in
PD-L1-positive tumors than in negative tumors. Patients with PD-L1-positive
tumors tended to experience longer survival. It is suggested that tumor-infiltrating
CD204" M2 macrophages may predict poor prognoses in patients with cervical ade-

nocarcinoma.
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1 | INTRODUCTION

Uterine cervical adenocarcinoma has become an important women'’s
health issue because of its high prevalence and poor prognosis.
Adenocarcinoma accounts for approximately 10%-25% of uterine
cervical cancer cases;? the remaining cases are due to squamous
cell carcinoma (SCC). During the past two decades, the incidence
of cervical adenocarcinoma has more than doubled, affecting
mostly younger women.! Approximately 90% of cervical adenocar-
cinomas develop in relation to human papillomavirus (HPV) infec-
tion; however, some histological subtypes of cervical
adenocarcinoma that are unassociated with HPV infection had
worse prognosis than HPV-positive adenocarcinomas.® Although
patients with adenocarcinoma are diagnosed at an early stage
(stage 1) and receive appropriate standard therapy, nearly 20% of
patients die from the disease.® Therefore, more effective and opti-
mized treatments have been demanded to improve the prognosis
of cervical adenocarcinoma.

Recently, the development of new treatment options and
cancer immunotherapies that restimulate the host immune
response has resulted in sustained tumor elimination. Treatment
with nivolumab or pembrolizumab, antibodies against programmed
cell death-1 (PD-1), has dramatically improved the overall survival
of patients with malignant tumors with poor prognoses.* However,
immune checkpoint inhibitors are not always effective, and indeed,
only patients with limited types of cancer or under limited
conditions have benefitted. To identify potential predictive markers
for these new immune therapies, numerous researchers have
investigated the tumor microenvironment and clarified the
mechanisms of immune editing and tumor immunogenicity, and
the composition of the tumor infiltrating cells, such as lympho-
cytes and macrophages.® For example, programmed cell death 1
ligand-1 (PD-L1) expression on tumor cells has been reported
to be associated with shorter survival in many cancer types and
is one of the predictive markers for immunotherapy.® Further-
more, macrophage polarization has been considered a potential
target of immunotherapy because it can promote tumor progres-
sion and therapeutic resistance.” The accumulation of evidence
from many studies suggests that host antitumor immune reactions
immune microenvironments  differ

and tumor according to

the tumor histological type and tissue in which the cancer
develops.®1°

Regarding uterine cervical cancer, PD-L1 expression and a high
ratio of FOXP3*/CD3* tumor-infiltrating lymphocytes (TILs)'* were
associated with poor prognosis. However, most of these cases were
SCCs, and only a small number of adenocarcinomas were included
in these studies. Therefore, we performed an evaluation of the
tumor immune microenvironment in 148 uterine cervical adenocar-
cinomas and explored the association with prognosis and HPV
infection status to elucidate the unique tumor microenvironment
and potential immuno-therapeutic targets of uterine cervical adeno-

carcinoma.

2 | MATERIALS AND METHODS

2.1 | Study cohort

A total of 148 patients with uterine cervical adenocarcinoma surgi-
cally resected between 2001 and 2014 at the National Cancer Cen-
ter Hospital (Tokyo, Japan) were enrolled in this study. Patients who
received chemotherapy or radiotherapy prior to surgery were
excluded. Clinical information was obtained retrospectively from
electronic medical records. The median follow-up time of the cen-
sored cases was 5.7 years (range, 5.0-12.9 years) from the date of
surgery. Patient demographics are shown in Table S1. This study
was approved by the Institutional Review Board of the National
Cancer Center (Tokyo, Japan). Informed consent was obtained from
all participants involved in the study, and all clinical investigations
were carried out in accordance with the principles of the Declaration
of Helsinki.

2.2 | Pathological examination

All specimens were examined pathologically and classified according
to the WHO classification of tumors? and the UICC TNM classifica-
tion'? by more than 2 pathologists. We also classified the invasion
pattern of adenocarcinomas into three groups using the Silva sys-
tem:*® pattern A, tumors composed of well-demarcated glands with-
out desmoplastic reaction and lymphovascular invasion; pattern B,
tumors with early destructive stromal invasion arising from otherwise
well-demarcated glands; pattern C, tumors showing extensive

destructive stromal invasion.

2.3 | Immunohistochemistry and quantitative
evaluation of tumor-infiltrating immune cells, PD-L1"
cells, and p16* cells

Immunohistochemistry was undertaken on formalin-fixed, paraffin-
embedded tissue sections as described previously.** We used 4-um-
thick serial sections of representative blocks with antibodies
(Table S2). Immunohistochemistry without the primary antibody was
carried out as a negative control.

After immunohistochemistry, microscopic images were scanned
and digitized using a NanoZoomer Digital Pathology system (Hama-
matsu Photonics, Hamamatsu, Japan), and the density of the
immune-labeled cells was analyzed using the image analysis soft-
ware Tissue Studio (Definiens, Munich, Germany) (Figure S$1).*
Numbers of TILs and tumor-associated macrophages (TAMs) were
counted separately within tumor cell nests and the tumor stroma.
The density was calculated as the number of stained cells divided
by the interested area. The PD-L1 expression on tumor cells was
assessed manually and more than 5% of stained cells were posi-
tive.!®> The HPV infection status was surrogated by expression of
p16NK4a 1617 and evaluated based on histological subtypes. Human
papillomavirus infection is evident by detection of HPV genes by
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PCR or in situ hybridization, although a systematic review of corre-
lation between HPV infection and plé overexpression indicated
that p16 staining is better to predict the presence of HPV at the
cut-off value of 70%.'® Therefore, a case was considered HPV-posi-
tive when there were >70% tumor cells with p16 diffuse and
strongly positive staining of nuclei and cytoplasm.***® For survival
and correlation analyses, patients were divided into two groups

using the median as a cut-off.

2.4 | Statistical analysis

The non-parametric Wilcoxon signed-rank test was used to com-
pare the densities of TILs and TAMs between adenocarcinoma
in situ (AIS) and invasive tumors, and between HPV-positive and -
negative tumors. Differences between PD-L1-positive and -negative
tumors were evaluated with the y2-test or Fisher's exact test.
Among patients with invasive adenocarcinoma who were followed
up for more than 5 years (n = 93), the disease-free survival (DFS)
rates were analyzed with the Kaplan—-Meier method using the log—
rank test. The multivariate Cox proportional hazard regression
model was used with the following covariates and stratified by
adjuvant radiation therapy, TNM stage, lymph node metastasis, and
age. Spearman’s rank correlation analysis was applied to test for
associations among the different types of infiltrating immune cells.
A P-value of < .05 was considered statistically significant. Statistical
calculations were undertaken using SAS version 9.3 (SAS, Cary, NC,
USA).

3 | RESULTS

3.1 | Destructive stromal invasion in relation to the
density and type of TILs

Few TILs and TAMs were observed in non-cancerous cervical tis-
sues without apparent inflammatory changes. In contrast, many
cancer cases containing both AIS and invasive adenocarcinoma
showed some host immune reaction representing TILs and TAMs
(Table S3).

To compare the immune microenvironments between non-inva-
sive and invasive cancers appropriately, we evaluated tumor-infiltrat-
ing immune cells both within the tumor nest and in the adjacent
tumor stroma separately (Figure 1, Table S3). Significantly higher
numbers of CD4*, CD8", FOXP3", and PD-1" TILs were observed in
the stroma of invasive adenocarcinomas than in those of AIS
(Table S3). The differences in TIL numbers within the tumor nest
were not statistically significant. Similar findings were found for
CDé68* and CD204" macrophages, although few macrophages infil-
trated the tumor nest. Among cases of invasive adenocarcinoma,
those with cancer stroma pattern A of the Silva classification*® had
significantly lower densities of CD3" TILs and CD68" TAMs than
those with pattern C (Table S4). These results suggest that cancer
cell invasion into the stroma with destruction enhances the local

infiltration of immune cells.
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3.2 | Disease-free survival analysis

Kaplan—Meier analysis revealed that only the density of stromal
CD204" TAMs was significantly associated with survival rates
(P = .049; Figure 1). Patients with high densities of CD8" TILs in
both the tumor nest and stroma tended to have favorable outcomes
(P =.25 and P = .31, respectively), although this was not statistically
significant. Tumor-infiltrating CD4*, FOXP3*, PD-1*, and CD68"
cells, and the ratios of tumor-infiltrating CD4*/CD8*, FOXP3*/CD8",
PD-1*/CD8", or CD8*/CD204" cells, were evaluated but were not
associated with patient outcome (Figure 1, Figure S2, and data not
shown). According to the multivariate Cox proportional hazard
model, a weak negative association between a high density of
CD204" TAMs and survival was observed (hazard ratio, 1.88; 95%
confidence interval, 0.61-5.85; data not shown).

3.3 | Human papillomavirus infection status
correlated positively with TIL density in cervical
adenocarcinoma

Patients’ HPV infection status was evaluated by p16 immunohisto-
chemistry among those with invasive adenocarcinoma. There were
no plé6-stained adenocarcinoma cells in tumors categorized as p16-
negative tumors (21/22), whereas all cases of pl6-positive tumors
showed cancer cells with strong and diffuse positive staining for p16
(Figure 1). Most p16-negative cases were mucinous adenocarcinoma
(gastric type), serous carcinoma, or clear cell carcinoma, which are
known to have little association with HPV infection. As p16-negative
and -positive tumors corresponded well with WHO histological clas-
sification, we determined that p16 status could be used as a surro-
gate marker of HPV infection status.

Cases of HPV-positive tumors were found more frequently
among tumors <40 mm in diameter (P = .019; Table 1). The HPV-
positive tumors had a statistically higher density of TILs, except for
CD8" and PD-1* TILs, in the tumor nest compared with HPV-nega-
tive tumors. No association was observed between HPV status and
the density of TAMs. Patients with HPV-positive tumors did not
have a more favorable prognosis than those with HPV-negative
tumors in our cohort (P = .63; Figure 1). Disease recurrence was
observed in 3/5 (16.7%) and 12/71 (14.5%) patients with HPV-posi-
tive and -negative tumors, respectively.

3.4 | Programmed cell death 1 ligand-1 expression
on cancer cells found in invasive adenocarcinoma
cases only

None of the AIS cases expressed PD-L1 (0/21); however, 19/127
(15.0%) of invasive adenocarcinoma cases showed PD-L1 expression,
which was markedly observed in the invasive front of invasive ade-
nocarcinoma (Figure 1). In terms of clinicopathological factors,
tumors <40 mm in diameter tended to be more frequent among PD-
L1-positive tumors (P = .067; Table 2). The PD-L1-positive tumors
also had a statistically higher density of stromal CD8*, FOXP3*, and
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FIGURE 1
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(A) Representative images of CD3", CD204", and programmed cell death 1 ligand-1 (PD-L1) expression and p16

immunohistochemistry according to tumor histology based on the Silva classification of invasion patterns. Histology (H&E staining) is
categorized into adenocarcinoma in situ and Silva patterns A (well-demarcated glands without desmoplastic reaction or lymphovascular
invasion) and C (extensive destructive stromal invasion). Corresponding immunohistochemistry images are shown. (B-G) Kaplan-Meier survival
curves for 5-year disease-free survival in patients with cervical adenocarcinoma. Patients were dichotomized by median density of tumor-
infiltrating lymphocytes (TILs) or tumor-associated macrophages (TAMs). Stromal infiltration of CD204" TAMs (B) and CD8" TILs (D),
infiltration of the tumor nest by CD204" TAMs (C) and CD8" TILs (E), human papillomavirus (HPV) status (F), and expression of PD-L1 on

tumor cells (G). Data were statistically analyzed by log-rank test

TABLE 1 Correlation of human papillomavirus (HPV) status with
clinicopathological variables in invasive adenocarcinoma cases
(n=127)

Clinicopathological P-
factor HPV-negative HPV-positive value
LvIi?
Negative 7 (13.5) 45 (86.5) 470
Positive 14 (18.9) 60 (81.1)
Nodal metastasis?
Negative 17 (17.2) 82 (82.8) 1.000
Positive 4 (14.8) 23 (85.2)
Depth of invasion®
<5 mm 8 (12.2) 61 (87.7) .340
>5 mm 16 (20.0) 64 (80.0)
Length of tumor®
<40 mm 11 (12.1) 80 (87.9) .019
>40 mm 11 (30.6) 25 (69.4)
TILs®
CD4" T cells
Tumor nest 5.1 (0.0-154.7)  19.4 (0.0-862.1)  <.0010
Stroma 49.4 (1.0-684.7) 113.2 (0.0-1052.3)  .0049
CD8" T cells
Tumor nest 14.6 (0.0-155.5)  13.4 (0.0-412.2) .9300
Stroma 32.3 (6.6-624.6) 857 (3.8-587.4)  <.0010
FOXP3" Tregs
Tumor nest 2.7 (0.0-44.5) 6.0 (0.0-487.7) .0440
Stroma 134 (1.8-232.5)  23.2 (0.2-487.7) .0013
PD-1" T cells
Tumor nest 10.6 (0.0-378.0)  19.2 (0.0-407.7) .0680
Stroma 13.5 (0.0-600.6)  48.2 (1.1-552.9)  <.0010
TAMsP
CD68* Md 222.5(0.0-453.0) 202.0 (0.0-771.3) .8700
(Stroma)
CD204" M® 191.1 (0.0-421.3) 190.6 (0.0-684.4) .6500
(Stroma)

Data are shown as number of cases (%) or median cell humber/mm2
(minimum-maximum).

Values in bold indicate significance.

LVI, lymphovascular invasion; M®, macrophage; PD-1, programmed cell
death-1; TAM, tumor-associated macrophage; TIL, tumor-infiltrating lym-
phocyte; Treg, regulatory T cell.

Comparisons were carried out using ®Fisher’s exact test or ®Wilcoxon's
signed-rank test.

PD-1* TILs and CD204" TAMs, as well as a higher ratio of CD8*/
CD204" compared to PD-L1-negative tumors among invasive adeno-
carcinoma cases. None of the patients with PD-L1-positive tumors
(0/12) relapsed, whereas 18/89 (20.2%) cases with PD-L1-negative
tumors relapsed (P =.12). Patients with PD-L1-positive tumors
tended to have a favorable DFS (P = .095; Figure 1).

4 | DISCUSSION

Uterine cervical adenocarcinoma is rare but has an increasing preva-
lence and a poor prognosis. To improve the outcome and ensure the
suitability of recent immunotherapies, we characterized the tumor
immune microenvironment of cervical adenocarcinoma using the lar-
gest cohort so far. We revealed that a higher density of CD204" M2
TAMs was significantly associated with shorter DFS (P = .049); no
other TILs or TAMs tested were significantly associated with sur-
vival. It is interesting that patients with PD-L1-positive tumors
tended to be associated with longer DFS, as the densities of TILs
and TAMs in PD-L1-positive tumors were higher than those in PD-
L1-negative tumors. Furthermore, the density of TILs but not TAMs
in HPV-positive tumors was significantly higher than that in HPV-
negative tumors, and no prognostic impact of HPV status was
observed.

We still have very limited information regarding the immune
microenvironment of cervical adenocarcinoma.'**?-2! No reports on
tumor-infiltrating CD8" T cells, CD4" T cells, or TAMs in cervical
adenocarcinoma have yet been published. We showed that CD204*
TAMs were associated with poorer prognosis, as in most solid
tumors.1®22 Tumor-associated macrophages promote tumor progres-
sion or certain forms of malignant phenotypes, such as tumoral inva-
sion and metastasis at the invasive edge.7 However, neither tumor-
infiltrating CD8*, CD4", FOXP3*, PD-1*, or CDé68" cells, nor the
ratios of tumor-infiltrating CD4*/CD8*, FOXP3*/CD8*, PD-1*/CD8",
or CD8"/CD204" cells significantly impacted survival in our cohort.
Punt et al'' examined 67 patients with cervical adenocarcinoma and
showed that higher levels of both tumor-infiltrating CD3* and
FOXP3* cells were associated with longer survival and that lower
levels of tumor-infiltrating interleukin-17" cells also correlated with
malignant phenotypes. These findings were not confirmed in our
study. A possible reason for this is that the two studies used differ-
ent methods to measure TlLs. A higher ratio of tumor-infiltrating
CD4*/CD8" T cells and a higher density of tumor-infiltrating
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Clinicopathological factors PD-L1 negative PD-L1 positive

LvI?
Negative 46 (85.2%) 8 (14.8%)
Positive 63 (85.1%) 11 (14.9%)

Nodal metastasis®

Negative 87 (86.1%) 14 (13.9%)

Positive 22 (81.5%) 5(18.5)
Depth of invasion®

<5 mm 43 (87.8%) 6 (12.2%)

>5 mm 67 (83.6%) 13 (16.3%)

Length of tumor®

<40.0 mm 76 (81.2%) 17 (18.3%)

>40.0 mm 34 (94.4%) 2 (5.56%)
TILs® (Area)

CD4" T cells (Stroma) 9.9 (0.0-68) 13.7 (4.2-39.0)

CD8" T cells (Stroma) 6.7 (0.6-62) 11.9 (5.6-58.2)

FOXP3* Tregs (Stroma) 2.3 (0.0-35.6) 6.2 (0.3-48.8)

PD-1* T cells (Stroma) 4.4 (0.0-60) 9.5 (3.8-55)

TAMSsP (Area)

CD68" M® (Stroma)
CD204" M® (Stroma)

Ratio of TILs and TAMs® (Area)
CD4*/CD8" (Stroma)
FOXP3*/CD8" (Stroma)
PD-1"/CD8" (Stroma)
CD8*/CD204" (Stroma)

21.2 (3.7-121)
19.8 (4.0-68.4)

27.3 (6.9-61.4)
26.8 (11.8-63.0)

1.46 (0.00-8.86)

0.36 (0.0025-9.39)
143.9 (34.9-453.0)

0.33 (0.038-4.88)

0.33 (0.11-5.56)

0.58 (0.21-2.43)

0.79 (0.172-1.466)

179.2 (20.2-3173.6)

TABLE 2 Correlation of PD-L1 expression on
tumor cells with clinicopathological variables in
invasive adenocarcinoma cases (n = 127)

P-value

.99

55

.53

.067

.13
.0034
.0010
.004

.076
.0046

.028
.99
.14
.018

Data are shown as number of cases (%) or median cell number/mm? (minimum-maximum).

Values in bold font indicate significance.

LVI, lymph-vascular invasion; TILs, tumor-infiltrating lymphocytes; TAMs, tumor-associated

macrophages; Tregs, regulatory T cells; M®, macrophages.

Comparisons were conducted using ?Fisher’s exact test and "Wilcoxon signed-rank test.

FOXP3* T cells have been reported to be associated with poor prog-
nosis in cervical SCC.122%2% |t has been suggested that the tumor
immune microenvironments in uterine cervical cancer differ between
adenocarcinoma and SCC.

Here, we showed that patients with tumors expressing PD-L1
tended to have favorable prognoses (Figure 1). Because of the low
incidence of disease relapse, however, a statistically significant dif-
ference was not detected. Programmed cell death 1 ligand-1 has
generally been reported to be a marker of attenuated antitumor
immunity and poor prognosis.® Such paradoxical findings have been
observed in other tumors, including breast cancer, lung cancer, Mer-
kel cell carcinoma,?#?> and cervical SCC,?° although these discordant
results have not been explained clearly.

Expression of PD-L1 was less frequently observed in adenocarci-
nomas than in SCC (14% vs 54%),*? and it was also observed in 95%
of cervical SCCs, including non-invasive lesions, in another published

study.2® Heeren et al'? reported that there were two patterns of

PD-L1 expression on tumor cells in cervical SCC: marginal PD-L1
tumor expression and diffusely positive PD-L1 expression. Interest-
ingly, patients with marginal PD-L1-positive SCC (7.2%) showed sig-
nificantly longer DFS than both patients with PD-L1-negative SCC
(46.4%) and patients with diffuse PD-L1-positive SCC (46.4%). In
marginal PD-L1 expression, in which expression on tumor cells is
localized at the invasive margin, PD-L1 expression might be induced
by cytokines, including interferon-y, tumor necrosis factor-o, and
interleukin-1p, produced in the local area. In such circumstances, the
antitumor immune reaction responsible for secreting cytokines also
provides cytotoxic T-cell infiltration, resulting in a type 1 immune
response. In contrast, the diffusely positive PD-L1 expression pattern
results from constitutive expression of PD-L1 by intrinsic tumor
mechanisms due to gene abnormalities. In our study, expression of
PD-L1 was characteristically found in the invasive front (Figure 1)
and was closely correlated with higher densities of tumor-infiltrating
CD8", FOXP3*, PD-1*, and CD204" cells and higher ratios of CD4"/
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CD8" and CD8'/CD204" compared to those in PD-L1-negative
tumors (Table 2). Although the number of PD-1" T cells and FOXP3*
regulatory T cell infiltration increased, these findings, together with
CD8" T-predominant TIL profiles and better trends in patient out-
comes, suggest that the expression of PD-L1 on tumor cells was
induced by a relatively immune-responsive microenvironment in our
cases. These findings regarding the frequency of PD-L1 expression
on tumor cells, the pattern of PD-L1 expression, and their impact on
survival raise the possibility that PD-1/PD-L1 axis inhibitors may be
more suitable for SCC than for adenocarcinoma in the uterine cervix.

Human papillomavirus infection was not a prognostic factor in
cervical adenocarcinoma in our cohort, although the density of
TILs, especially stromal TILs, was significantly higher in HPV-posi-
tive cancers than in HPV-negative cancers. These findings suggest
that HPV-positive tumors are more immunogenic but that lympho-
cytic cytotoxicity is probably severely disabled. Virus-related
tumors other than cervical cancer, such as head and neck cancer

and Merkel cell carcinoma,?

often show relatively higher immuno-
genicities and host immune reactions, resulting in more favorable
outcomes.

Does the state of TILs or TAMs change from non-invasive cancer
to invasive cancer? The infiltration of stromal CD4", CD8", PD-1%,
and FOXP3* TILs and CD204" TAMs was more severe in invasive
adenocarcinoma than in AlS. In contrast to this stromal infiltration of
immune cells, intraepithelial infiltration of immune cells was compa-
rable between the two types, or higher in invasive cancer. This sug-
gests that the densities of TILs and TAMs in the stroma are
associated with tumor invasion as well as the degree of stromal
destruction. However, it was difficult to conclude how the host
immune reaction changed between AIS and invasive adenocarci-
noma, as the infiltration of both immune-reactive and -tolerant T
cells increases during the progression of carcinogenesis.

There are some limitations to our study. We evaluated each sub-
set of T cells by a single immunohistochemical staining, which could
not determine detailed subsets of immune cells. Because of the low
incidence of disease recurrence, we did not have enough statistical
power to detect associations with prognosis using multivariate analy-
sis, especially for the density of CD204" macrophages, even though
our study contains the largest number of cervical adenocarcinomas
yet reported. Further multicenter studies are required to verify our
findings.

In conclusion, tumor-infiltrating CD204* M2 macrophages may
be a predictor of poor prognosis in patients with cervical adenocarci-
noma.
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