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Background: The PD-1/PD-L1 signaling axis is currently the most elucidated mechanism

for tumor evasion of T-cell-mediated immunity. Nevertheless, few data are available regard-

ing its impact on cervical cancer and the relationship with lymphocytic infiltrates.

Methods: A retrospective assessment of all cases of cervical neoplasia treated in Caxias do

Sul General Hospital, Brazil, between 2012 and 2016 was performed. Clinical and pathological

data were collected from electronic records and analyzed. Original slides were independently

reviewed by three pathologists to confirm diagnoses and to assess the immunohistochemical

expression of PD-L1 and FoxP3 in tumor cells and lymphocytic infiltrates.

Results: PD-L1 staining was present in 32.2% of the 59 cervical samples. Median overall

survival time of the PD-L1-negative group was 47.8 months, a time point not yet reached by

the PD-L1-positive group (p=0.968). Median progression-free survival was 24.3 months for

PD-L1-negative and 11.5 months for PD-L1-positive patients (p=0.263). PD-L1 staining was

found in 27.1% of the lymphocytic infiltrates, and survival analysis revealed no difference

between PD-L1-positive and PD-L1-negative samples. There was no impact on survival

related to FoxP3 staining in neither tumor samples nor lymphocytic infiltrates.

Conclusion: Although the median progression-free survival times differed, the difference

was not statistically significant. Our study corroborates the rationale that PD-L1 expression

in cervical neoplasms has no impact on survival. PD-L1 expression in peritumoral lympho-

cytes revealed no impact on infiltration volume nor survival.

Keywords: uterine cervical neoplasms, tumor-infiltrating lymphocytes, cancer, tumor micro-

environment, survival

Introduction
Cervical cancer is the fourth most frequent cancer in woman worldwide with an

estimated 570,000 new cases in 2018, representing 6.6% of all female cancers.1 Most

cases are squamous cell carcinoma followed by adenocarcinomas. Approximately 90%

of deaths from cervical cancer occur in low- and middle-income countries. In Brazil,

cervical cancer is the 2nd most common cancer in women aged 15–44 years and about

16,000 new cervical cancer cases are diagnosed annually.2

Human papillomavirus (HPV) infection is a well-established cause of cervical

cancer.3–5 The immune system plays an important role in HPV infections under

conditions of high immunogenic reactivity.6 Immunosuppressed women have an

increased incidence of HPV infection, cervical intraepithelial neoplasia (CIN) and

progression to invasive neoplasia.7–9
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The programmed cell death protein-1/programmed

death-ligand 1 (PD-1/PD-L1) signaling axis is currently

the most elucidated mechanism for tumor evasion of T-

cell-mediated immunity. PD-1/PD-L1 antibody blockade

has been widely proven to be effective against several

cancers. Retrospective analyses have successfully asso-

ciated PD-L1 expression to oncologic prognosis regardless

of therapeutic strategy in melanoma, ovarian and kidney

cancer.10,11 However, few data are available regarding its

expression in cervical cancer.12

Recently, tumor infiltration by regulatory T lympho-

cytes (Treg) positive for forkhead box protein P3 (FoxP3)

expression has been investigated as a potential prognostic

immune biomarker. Nevertheless, discrepant results have

been reported and its relationship with the PD-1/PD-L1

axis remains unclear.13,14

We assessed the impact of PD-L1 and FoxP3 expres-

sion in cervical tumor cells and intratumoral lymphocytes

on survival outcomes.

Methods
A search for cases of cervical cancer in Caxias do Sul

General Hospital database covering 2012 through 2016

was performed. Clinical and pathological data collected

are summarized in Table 1. Study endpoints were date of

diagnosis, progression-free survival (PFS) and overall sur-

vival (OS).

The original hematoxylin-eosin (HE) slides were reviewed

for diagnosis confirmation. Immunohistochemistry (IHC)

slides were independently scored by 3 pathologists.

Discordant cases were reviewed and consensus was achieved

for all cases.

Briefly, IHC was carried out using 3-μm-thick sections

obtained from formalin-fixed paraffin-embedded tissue.

The slides were deparaffinized and rehydrated. Antigen

retrieval was performed in Tris-EDTA (Thermo Fischer,

Waltham, MA) at 95°C for 20 mins. The slides were

incubated with primary antibodies PD-L1 (1:50 dilution,

RTB-PDL1, Bio SB®) and FoxP3 (1:100 dilution, EP340,

Cell Marque®) overnight. These antibodies were marked

with dark brown chromogen (DAB) to allow its observa-

tion in light microscopy. Human placenta (trophoblasts)

was used as positive control.

PD-L1 and FoxP3 expression levels were assessed

based on percentage and intensity of staining. Staining

for PD-L1 was considered positive in a membrane pattern

only and FoxP3 was considered positive in nuclear pattern

only. Other staining patterns were disregarded.

Intratumoral lymphocytes were quantified, and infiltration

was classified into weak, moderate or strong categories.

Absolute and relative frequencies were used for the

descriptive statistical analysis of variables. Fisher’s exact

test and a two-tailed χ2 test were performed when applic-

able. Survival rates were calculated with the Kaplan–

Meier method and analyzed with the log-rank test.

Univariate Cox proportional models were used to deter-

mine hazard ratios (HRs), which represent the risk of death

or progression among the different groups. All statistical

analyses were conducted with the Statistical Package for

the Social Sciences (SPSS) version 22.0.

All researchers signed a secrecy and confidentiality

agreement after receiving approval by the Institutional

Scientific Council and by the National Research Ethics

Committee. Our study of biomarkers was conducted

according to REMARK recommendations.15

Results
We found 155 patients diagnosed with cervical cancer in

our institution. Twenty-five patients were excluded due to

diagnostic discrepancies, and 57 patients had no paraffin

Table 1 Clinical and pathological data

Age at diagnosis (median) 44 years

Smoking history Yes 28.8% (n=17)

No 71.2% (n=42)

Histologic subtype Squamous cell 86.4% (n=51)

Adenocarcinoma 13.6% (n=8)

PS 0 28.8% (n=17)

1 62.7% (n=32)

2 5.1% (n=3)

3 3.4% (n=2)

4 –

CS (FIGO, 2009) I 10.1% (n=6)

II 30.5% (n=18)

III 40.7% (n=24)

IVA 13.6% (n=8)

IVB 5.1% (n=3)

Treatament Surgery (frontline) 27.1% (n=16)

CT-RT 64% (n=38)

Brachytherapy 32.2% (n=19)

RT (exclusive) 16% (n=9)

Endpoint Progression 47.5% (n=28)

Death 33.9% (n=20)

Follow-up (median) 26.2 months

Abbreviations: PS, performance status; CS, clinical stage.
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tissue blocks available. After revision of original HE

slides, 13 patients were excluded due to insufficient mate-

rial for analysis, and one patient was excluded due to

diagnostic nonconformity. The flowchart of the studied

cohort is shown in Figure 1.

The median age of the patients was 44 years, and

28.8% had a history of smoking. Squamous cell carcinoma

was the most commonly diagnosed histological type,

accounting for 86.4% (n=51) of the cases, followed by

adenocarcinoma (n=8). At the time of diagnosis, 28.8%

(n=17) of the patients exhibited Performance status (PS)

score of 0 and 62.7% (n=32) PS 1; three patients exhibited

PS 2, and two PS 3. Six (10.1%) patients presented with

Clinical stage (CS) I, 18 (30.5%) CS II, 24 (40.7%) CS III,

eight (13.6%) CS IVA and three (5.1%) CS IVB.

Primary surgical treatment was provided to 27.1% of

the patients (n=16), whereas 64% (n=38) received defini-

tive chemoradiotherapy; 19 (32.2%) patients underwent

complementary brachytherapy. Nine patients (16%)

received radiotherapy exclusively. The median follow-up

was 26.2 months. Disease progression was objectively

documented in 47.5% (n=28) of the cases. Twenty

(33.9%) deaths occurred in the cohort during the follow-

up period.

Cervical tumoral tissue assessment
Of all the evaluated clinical and pathological variables

(age, smoking, PS, histological subtype, CS, treatment

modality and response outcome), none alone had an

impact on the variability of PD-L1 expression among the

studied neoplastic specimens. PD-L1 expression was

observed in 32.2% (n=19) of the cervical samples, five

of which (8.5%) exhibited PD-L1 expression above 50%

(Figure 2). The median OS time of the PD-L1-negative

group was 47.8 months, a time point not reached yet by

the PD-L1-positive group (p=0.968; Figure 3). The median

progression-free survival was 24.3 months for the PD-L1-

negative group and 11.5 months for the PD-L1-positive

group (p=0.263; Figure 4).

Immunohistochemistry for FoxP3 revealed upregula-

tion in 64.4% (n=38) of the tumor specimens; however,

tumoral FoxP3 expression had no impact on survival out-

comes (data not shown). Analysis of the PD-L1/FoxP3

ratio revealed that 57.9% (n=11) of PD-L1-positive tumors

were positive for FoxP3 versus 67.5% (n=27) of the PD-

L1-negative specimens (p=0.56).

Peritumoral lymphocytic infiltrate

assessment
Weak peritumoral lymphocytic infiltration was found in

57.6% (n=34) of the samples, moderate infiltration in

23.7% (n=14) and strong infiltration in 18.6% (n=11).

Stratification by lymphocytic infiltrate volume showed no

significant association with survival outcomes (Figure 5).

Positive PD-L1 staining was observed in 27.1% (n=16) of

lymphocytic infiltrates, and survival analysis showed no

difference between positive and negative infiltrates.

A total of 93.2% (n=55) of lymphocytic infiltrates

expressed FoxP3, with no impact on survival outcomes

(data not shown). Furthermore, 94.7% of PD-L1-positive

tumors exhibited positive staining for FoxP3 in their

respective peritumoral infiltrates versus 92.5% (n=40) of

155 patients

130 patients

25 patients excluded:
6 with other gynecological neoplasms (eg: vulvar)

8 with benign cervical tumors
11 with CIN

14 patients excluded:
1 discrepant diagnosis

13 insufficient histologic material for processing

73 patients

59 patients

57 patients excluded:
unavailable paraffin block

Figure 1 Flowchart of cohort recruitment.
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Figure 2 Immunohistochemical staining of PD-L1 was considered positive if cell membrane staining was detected, and FoxP3 staining was considered positive if nuclear

staining was detected. Black arrows point to staining detection areas. PD-L1-positive squamous cell cervical neoplasia (A); 400× magnification. PD-L1-positive peritumoral

inflammatory infiltrate (B); 400× magnification. FoxP3-positive squamous cell cervical neoplasia (C); 200× magnification. FoxP3-positive peritumoral inflammatory infiltrate

(D; 400× magnification).
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Figure 3 Kaplan–Meier curves and log-rank test analysis of the overall survival of patients with cervical neoplasia based on PD-L1 expression.
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infiltrates associated with PD-L1-negative cervical neo-

plasms (p>0.99).

Discussion
Cervical tumoral tissue assessment
PD-L1 expression in cervical tumor cells has been pre-

viously evaluated; nonetheless, conflicting results have

been reported regarding its impact on survival outcomes.

In 2017, Enwere et al assessed tumoral PD-L1 expres-

sion in patients with locally advanced cervical cancer.

Their data regarding prevalence of PD-L1 expression are

intriguing: 87.9% of their samples were considered posi-

tive at a cutoff point of ≥1% and 39.7% at ≥50%.12

Applying a cutoff point of ≥50%, PD-L1 exhibited posi-

tive staining in only 8.5% of our samples. There was no

association between PD-L1 expression and clinicopatholo-

gical characteristics – age, CS, tumor size and lymph node
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Figure 4 Kaplan–Meier curves and log-rank test analysis of the progression-free survival of patients with cervical neoplasia based on PD-L1 expression.

Weak infiltration

Moderate infiltration

Follow-up (months)

0 25 50 75 100

P=0.117

Strong infiltration

100

90

80

70

60

50

40

30

20

10

0

100

90

80

70

60

50

40

30

20

10

0

O
ve

ra
ll 

Su
rv

iv
al

 P
ro

ba
bi

lit
y 

(%
)

Weak infiltration

Moderate infiltration

Follow-up (months)

P=0.989

Strong infiltration

Pr
og

re
ss

io
n-

Fr
ee

 S
ur

vi
va

l P
ro

ba
bi

lit
y 

(%
)

0 20 40 60

Figure 5 Kaplan–Meier curves and log-rank test analysis of overall survival (left) and progression-free survival (right) of patients with cervical neoplasia based on

quantification of peritumoral lymphocytic infiltration.
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status. Similarly, clinical and pathological variables of the

present study had no impact on prognosis or on PD-L1

tumoral expression. In agreement with our results and with

the findings of Heeren et al,16 their study also failed to

detect an association between survival and tumoral expres-

sion of this biomarker. Karim et al17 found similar results.

Only patients in CSs IB-II were included in their analysis

and the authors suggest that PD-L1 expression can be

different at more advanced disease stages. Nevertheless,

PD-L1 expression was found in 19% of their samples and

in 32.2% (n=19) of our specimens. Our study included

patients at CSs III and IV, and subgroup analysis still also

failed to show an impact on the expression of this biomar-

ker and on survival outcomes.

We noted a distinct trend towards shorter progression-

free survival in patients expressing PD-L1 – 11.5 months

versus 24.3 months for PD-L1 negative patients. Yet, no

statistical significance was met (p=0.263). Overall, by

itself, IHC detection of tumoral PD-L1 does not seem to

be an adequate biomarker for prediction of survival in

cervical cancer.

Recently, the expression of FoxP3 has been examined

in non-hematopoietic cells – including cancer cells; how-

ever, variable relationship between its tumoral expression

and prognosis has been reported. In concordance with

Huang et al, we found high levels of FoxP3 expression

in tumoral cervical cells.18 While no impact on survival

was met, previous studies observed that FoxP3 expression

was positively related to the invasiveness of cervical

lesions.19 These findings support the hypothesis that

FoxP3 upregulation by tumor cancer cells might endow

them with the immunosuppressive power of Treg, facil-

itating an escape from immune surveillance by downregu-

lating T-cell function.20

Peritumoral lymphocytic infiltrate

assessment
As previously stated, PD-L1 tumoral expression alone has

failed to be associated with survival outcomes in cervical

cancer. Conversely, Wang et al found that it seems to have

a predictive value when combined with other immune

features, such as the CD8+/CD4+CD25+FoxP3+ T lym-

phocyte ratio.21

Evidence suggests that neoplasms associated with HPV

exhibit a lack of an HPV-specific response by cytotoxic and

type 1 helper T (Th1) lymphocytes. Also, scarce intratu-

moral infiltrates of CD8+ lymphocytes and abundant Treg

seem to represent an independent prognostic factor for

OS.9,16–25,26 Matsumoto et al examined intratumoral neu-

trophil infiltration (CD66b+ cells) in 250 cervical cancer

specimens. Recurrence rate was significantly associated

with density of neutrophilic infiltrates. Five-year OS was

77.5% for the “TAN-low” group (low-density infiltration),

58.7% for the “TAN-med” group (moderate infiltration) and

17% for the “TAN-high” group (high-density infiltration).

Progression-free survival was estimated at 73.8%, 50.7%

and 11.3%, respectively, over the same period.27 Applying

the same stratification for lymphocytic infiltration, we found

no impact on survival.

Regulatory T cells FoxP3+ are a class of immune-

suppressive lymphocytes involved in tumoral immune

evasion.18 Shang et al conducted a meta-analysis to assess

the prognostic effect of Treg FoxP3+ infiltration across

different cancers. The overall pooled analysis found an

unfavorable prognostic effect, and this association was

unanimous and particularly strong among studies of cervi-

cal cancer.14 In fact, 93.2% (n=55) of our lymphocytic

infiltrates revealed FoxP3+, possibly corroborating the

rationale that Treg might consist of an escape mechanism

of cervical neoplasms to immune response.

The PD-1/PD-L1 axis and FoxP3 may work together for

maintenance of peripheral tolerance but through nonover-

lapping pathways. PD-1 is involved in rheostatic modula-

tion of TCR signaling, preventing activity from effector T

cells, whereas FoxP3 is sufficient for maintaining the integ-

rity of Treg function.28 It has been suggested that PD-L1

and Treg FoxP3+ may work synergistically in tumoral

microenvironments; PD-L1 may exert its inhibitory effects,

at least in part by inducing Treg cell development, max-

imizing tumoral immune escape.29 Although increased Treg

FoxP3+ infiltration and PD-L1 tumoral expression have

been revealed in several malignancies, their correlation is

yet undetermined. This relationship has been consistently

associated with worst prognosis in breast, gastric and color-

ectal cancers.30–32 Our FoxP3+ lymphocyte infiltration was

not impacted by tumoral PD-L1 expression (p>0.99).

Karim et al were the first to examine the relationship

between the PD-1/PD-L1 axis and lymphocytic biomar-

kers in cervical cancer.17 The volume of infiltration by

each T-cell was divided into low and high categories,

determined by the 50th percentile, and 66% of the samples

exhibited a high rate of infiltration by CD8+ lymphocytes,

54% by CD4+ lymphocytes and 59% by FoxP3+ lympho-

cytes. The CD8+/FoxP3+ T lymphocyte ratio represented

an independent positive prognostic factor for survival.
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Tumoral PD-L1 was associated with the greatest infiltra-

tion by FoxP3+ T cells (p=0.022). OS of patients with PD-

L1-positive tumors and a low rate of CD8+/FoxP3+ lym-

phocyte infiltration was significantly better than that of

patients with PD-L1-negative tumors with a low CD8

+/FoxP3+ lymphocyte ratio (p=0.033). In contrast, our

lymphocyte analyses are not in agreement with the find-

ings of the above authors: FoxP3+ immune infiltrates did

not modify oncologic endpoints. Furthermore, PD-L1

expression in the cervical tumor specimens did not seem

to affect immune infiltration degree, FoxP3 expression,

nor survival outcomes.

Regarding current therapies, the results for checkpoint

inhibitors in cervical neoplasia are scarce and preliminary. A

Phase I trial in progress (NCT01711515) is assessing the

effect of ipilimumab in patients with cervical cancer at CSs

IB2-IIA (if only the para-aortic lymph nodes are compro-

mised) or CSs IIB, IIB and IVA after chemoradiotherapy

(including brachytherapy). ASCO’s 2017 edition revealed

the first results of Phase I/II multicohort trial (in progress)

for nivolumab (CHECKMATE-358) for patients with virus-

associated metastatic tumors of the cervix, vulva and vagina.

Patients were not PD-L1-selected. Among the 24 treated

patients, 19 (79.2%) had cervical neoplasia. At a median

follow-up of 31 weeks, the objective response rate was

20.8% – all recorded responses were from patients with

cervical cancer and they were not related to PD-L1 expres-

sion, HPV status nor exposure to previous lines of therapy.33

Dr. Lheureux et al published in 2017 the results for their

Phase I/II trial evaluating ipilimumab in cervical cancer. The

anti-CTLA-4 therapy did not show significant single-agent

activity. In addition, no increase in intratumoral CD3, CD4,

CD8 and FoxP3 expression was observed before and during

treatment with ipilimumab. The presence of baseline immune

infiltrate was not associatedwith response or stable disease.34

In 2018, the Food and Drug Administration (FDA) approved

pembrolizumab for recurrent or metastatic cervical cancer on

or after chemotherapy whose tumors express PD-L1 based

on a single cohort of KEYNOTE-158. The reported objective

response rate was 14.3%.

Conclusion
The lack of studies regarding cervical cancer and the immune

context has led to a paucity of contemporary antineoplastic

strategies that is inconsistent with the high prevalence and

morbidity of this disease. Consequently, an immune check-

point inhibitor has been approved for this scenario based on

unimpressive responses, regardless of a biologic rationale

uncertainty. Therefore, identification of potentially respon-

sive patients is imperative, and thus, searching for biomar-

kers that predict therapeutic benefit is crucial.

Our findings must be considered with caution.

Similarly to previous studies on cervical malignancy, our

sample size is limited and might have impaired power to

draw robust conclusions. Moreover, the controversy

regarding PD-L1’s predictive value has been widely dis-

cussed. IHC-based detection presents technical issues, dif-

ferent assays present discordant results, and it can fail to

reveal the dynamic interaction of the tumoral microenvir-

onment. Nevertheless, it remains relevant.

The results reported here reinforce that PD-L1 tumoral

expression alone might be an inadequate biomarker for pre-

diction of survival in cervical cancer. Notwithstanding, the

high prevalence of FoxP3+ lymphocytic infiltrates, irrespec-

tive of PD-L1 expression, suggests that FoxP3 pathway

inhibition can be a potential therapeutic approach.

Furthermore, PD-L1 and Treg FoxP3+ may work synergis-

tically and their upregulated expressions may promote

tumoral evasion from immunity. Combinatorial immunother-

apeutic approaches aiming PD-L1 blockage and Treg deple-

tion might improve therapeutic efficacy. To clarify the

immune escape mechanism of this neoplasm and explore

effective therapies, further basic and translational researches

evaluating the interactions between immune cells and cervi-

cal cancer tissue is imminent.
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