
Abstract. Background/Aim: To investigate the abundance
of programmed death-ligand 1 (PD-L1) expression and
identify rational candidates for anti-PD-1/PD-L1
immunotherapies in cervical cancer. Patients and Methods:
In 27 patients with FIGO stage IB1-IIA cervical cancer,
paraffin-embedded tumors were immunohistochemically
stained with PD-L1 antibody. The correlation of tumoral PD-
L1 expression with clinicopathological factors and survival
outcomes were evaluated. Results: Overall, PD-L1
expression was primarily detected in 12 (44.4%) patients. All
tumors with PD-L1 expression were squamous cell
carcinomas (SqCC). In subgroup analysis of SqCC, higher
PD-L1 expression was associated with low preoperative
serum SqCC antigen level (p=0.030) and no parametrial
invasion (p=0.048). The 5-year progression-free survival
(83.3% vs. 50.0%. p=0.136) and overall survival rates
(90.9% vs. 83.3%, p=0.615) were superior in patients with
PD-L1 expression that in those without PD-L1 expression;
however, neither was significant. Conclusion: Patients with
SqCC and favorable clinicopathological factors could be
candidates for anti-PD-1/PD-L1 immunotherapy in cervical
cancer. 

Infection with an oncogenic human papillomavirus (HPV) is
associated with 5% of all human cancers, including
squamous cell carcinoma (SqCC) of the vulva, vagina, penis,
larynx and head/neck; predominantly cervical cancer and
other anogenital cancers (1). HPV E7 protein blocks

interferon (IFN)-α activity by inhibiting the expression of
inducible target genes of IFN signaling pathways that are
important for cellular immunity (2, 3). In HPV-associated
cancers, improved understanding of the role of the immunity
has led to the identification of novel therapeutic targets in
immune checkpoint pathways. Nearly all immune
checkpoints are initiated by ligand-receptor interactions;
therefore, they can be blocked by antibodies of their ligands
or receptors.

Programed cell death-1 (PD-1) is a key immune
checkpoint molecule that has two principal ligands known as
programed death-ligand 1 (PD-L1) and PD-L2. PD-1/PD-L1
interaction inhibits signaling of the T-cell receptor, down-
regulates the secretion of immuno-stimulatory cytokines, and
increases T-cell production of the immunosuppressive
cytokine. Thus, PD-L1 may have a vital role in the process
by which tumor cells escape immunity through PD-1/PD-L1
interaction. Over the past decade, several immune checkpoint
inhibitors targeting the PD-1/PD-L1 signaling pathway have
exhibited a reliable therapeutic response in clinical trials in
several malignancies (4-13). With these promising results,
identifying factors predicting clinical response against anti-
PD-1/PD-L1 therapies could guide therapeutic optimization.
Therefore, attempts to reveal the association of tumor
microenvironmental features with PD-1/PD-L1 expression in
tumor cells or infiltrating immune cells have been continued.

Taube et al. suggested that tumoral PD-L1 expression
correlated with an objective response (complete or partial
regression [decrease in the sum of diameters of target lesions
≥30%] by RECIST 1.0) to anti-PD-1 therapy, as indicated by
an analysis of the specimens obtained closest to therapy or
the highest scoring sample among multiple biopsies from
individual patients with several solid malignancies (14, 15).
Intratumoral PD-L1 expression has already been detected in
various malignancies of the head and neck, lung, kidney,
breast, and ovary (16). However, in cervical cancer, until
now, there has been a relative lack of experimental evidence
for the abundance of tumoral PD-L1 expression and its
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clinical relevance. Recently, some authors have only begun
to focus on PD-L1 expression in a cohort of primary tumor
samples of cervical cancer using immunohistochemistry
staining (17-19). However, as there is disagreement in the
percentage of cervical cancer tumor samples that express
PD-L1, its clinical relevance in identifying rational
candidates for therapies targeting PD-L1 has not been
demonstrated. There also remains a group of patients where
treatment options remain limited.

In this retrospective observational study, we investigated
the abundance of PD-L1 expression in cervical cancer
tumors and its clinical relevance for identifying rational
candidates for immunotherapies targeting PD-1/PD-L1.

Materials and Methods

Study group. Formalin-fixed, paraffin-embedded tissues were
collected from a total of 27 patients with cervical cancer. All
recruited patients were diagnosed with the International Federation
of Gynecology and Obstetrics (FIGO) stage IB to IIA cervical cancer
and underwent surgery as primary treatment in a single institution
between August 2011 and October 2012. Patients with a prior
malignancy that occurred less than 5 years from enrollment were
excluded. Patient samples were handled and used in accordance with
the medical ethical guidelines described in the Code of Conduct for
Proper Secondary Use of Human Tissue of the Dutch Federation of
Biomedical Scientific Societies. All patients provided written
informed consent to participate in this study, whose protocol was
approved by the institutional review board (B-1707-406-304).

Before surgery, the preoperative serum SqCC antigen level was
evaluated using a radioimmunoassay. A level ≥2.0 ng/ml was
considered abnormal. All enrolled patients underwent surgery that
included radical hysterectomy and pelvic lymph node dissection.
Bilateral salpingo-oophorectomy and para-aortic lymph node
dissection were performed according to the surgeon’s discretion.
Surgical specimens were reviewed by a pathologist specializing in
a gynecologic pathology who was blinded to the patients’ outcomes.
We obtained the final pathologic results, which included histologic
type, tumor size, depth of stromal invasion, lymphovascular space
invasion (LVSI), parametrial invasion, involved lymph nodes, and
surgical margin involvement. Sedlis criteria were satisfied in the
following cases: LVSI positive, deep one-third stromal invasion, any
size; LVSI positive, middle one-third stromal invasion, ≥2.0 cm;
LVSI positive, superficial one-third stromal invasion, ≥5.0 cm; LVSI
negative, middle or deep one-third, ≥4.0 cm. In accordance with the
clinical policies of each surgeon, adjuvant therapy was administered
after surgery to patients whose final pathologic results indicated
intermediate or high-risk.

Immunohistochemistry. Formalin-fixed and paraffin-embedded tissues
were sectioned at a thickness of 4 μm and stained using an automated
immunostainer (Ventana Medical Systems, Tucson, AZ), according to
the manufacturer’s protocol. Briefly, the slides were dried at 60˚C for
1 hand deparaffinized using EZ Prep (Ventana Medical Systems) at
75˚C for 4 min. The cells were conditioned (heat pretreatment) using a
CC1 solution containing Tris/borate/ ethylenediaminetetraacetic acid at
100˚C for 20 min. The antibody for PD-L1 (rabbit monoclonal, clone
28-8 [ab205921], Abcam, Cambridge, United Kingdom) was diluted to

1:500, applied to sections, and incubated at 37˚C for 32 min. Signals
were detected using an ultra-view detection kit (Ventana Medical
Systems) with labeled streptavidin-biotin. The steps used with the kit
included treatment with an inhibitor (1% H2O2, 4 min), biotinylated
immunoglobulin (8 min), streptavidin horseradish peroxidase (8 min),
diaminobenzidine (chromogen+substrate) (8 min), and copper (4 min)
at 37˚C. Counterstaining was performed with Mayer’s hematoxylin
(ScyTek, Logan, UT) for 2 min at room temperature.

Evaluation of PD-L1 expression. PD-L1 expression was defined in
tumor cells if membranous and/or cytoplasmic staining was present
with >1%. PD-L1 immunostaining was classified into four groups
according to intensity and extent as follows: grade 0, negative in
tumor cells; grade 1, focal weak PD-L1 expression; grade 2, focal
moderate PD-L1 expression; grade 3, diffuse PD-L1 expression
(Figure 1).

Statistical analysis. Correlation between PD-L1 expression and
various clinicopathologic factors were analyzed by Fisher’s exact
test or linear association, as appropriate. Progression-free survival
(PFS) and overall survival (OS) were assessed by the Kaplan-Meier
curves, while log rank test was used for comparison. A two sided
p-value of <0.05 was considered statistically significant. SPSS
version 22.0 (IBM Inc., Armonk, NY, USA) was used for statistical
analyses.

Results

Association between PD-L1 expression and clinicopathological
factors. Baseline characteristics of the 27 patients with cervical
cancer are summarized in Table I. The median age was 46
(range=34-71) years, and the median follow-up period was 59
(range=23-66) months. Sixteen (59.3%) patients were
diagnosed with FIGO stage IB1 cervical cancer after surgery
of radical hysterectomy and pelvic lymph node dissection.
Eighteen (66.7%) patients had SqCC, and 9 (33.3%) patients
had adenocarcinoma. Although Sedlis criteria were satisfied in
13 (48.1%) patients, 16 (59.3%) patients received adjuvant
radiotherapy at their physician’s discretion. Five (18.5%)
patients experienced recurrence, and 3 (11.1%) patients had
deceased at the time of analysis.

Overall, PD-L1 expression was detected in 12 (44.4%)
patients with cervical cancer (Table II). Notably, all tumors
with PD-L1 expression had SqCC histology (SqCC vs.
adenocarcinoma, 12/18 [66.7%] vs. 0/9 [0%], p=0.001).
However, except from histology, none of the evaluated
clinicopathological factors were significantly associated with
a positive PD-L1 expression. The incidences of recurrence
(16.7% vs. 20.0%, p>0.999) and death (8.3% vs. 13.3%,
p>0.999) were also similar between patients with and
without PD-L1 expression.

PD-L1 expression pattern in patients with cervical SqCC. In a
subgroup analysis of SqCC (n=18), positive PD-L1 expression
was also not associated with any clinicopathological factors
(data not shown). However, high-grade PD-L1 expression was
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detected more frequently in tumors with preoperative serum
SqCC antigen <2.0 ng/ml than in tumors with ≥2.0 ng/ml
(p=0.030) (Table III). High-grade PD-L1 expression was also
significantly more in tumors without parametrial invasion than
in tumors with parametrial invasion (p=0.048). PD-L1
expression over grade 2 was not detected in tumors with
surgical margin involvement; however, it was not statistically
significant (p=0.322).

Survival outcomes in patients with vs. without PD-L1
expression. In the entire study population, the 5-year PFS
rates were similar between patients with and without PD-L1
expression (83.3% vs. 80.0%, p=0.831) (Figure 2). PD-L1
expression was also not significantly associated with the 5-
year OS (positive vs. negative, 90.9% vs. 93.3%. p=0.845).

In a subgroup analysis of SqCC, the 5-year PFS rate was
revealed to be superior in patients with PD-L1 expression
than in those without (83.3% vs. 50.0%. p=0.136). However,
it was not statistically significant. There was no difference
in the 5-year OS rates in patients with SqCC, according to
PD-L1 expression (positive vs. negative, 90.9% vs. 83.3%,
p=0.615).

Discussion

Tumoral PD-L1 expression has been detected in several solid
malignancies with various percentages (24.2-46.1%) (20-24).
The overall rate of PD-L1 expression in cervical cancer
tumors in our cohort (44.4%) was similar to that observed in
other malignancies. In our study, PD-L1 expression was
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Figure 1. Immunohistochemical staining for PD-L1 expression in tumor cells (A) grade 0, negative control; (B) grade 1, focal weak PD-L1
expression; (C) grade 2, focal moderate PD-L1 expression; (D) grade 3, diffuse PD-L1 expression; original magnification ×200. PD-L1:
programmed death-ligand 1.



detected only in tumors that were confirmed to exhibit SqCC
histology, and the frequency of PD-L1 expression was
separately estimated to be 66.7% according to SqCC
histology. Heeren et al. reported that PD-L1 expression in
cervical cancer was significantly more observed in SqCC

than in adenocarcinoma (54% vs. 14%, p<0.001) (17).
Mezache et al. also showed notable PD-L1 expression in
51% of cervical SqCC cases (19). Adding to these significant
rates of tumoral PD-L1 expression, our findings could
suggest that the PD-1/PD-L1 pathway might be a promising
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Table I. Patient characteristics (n=27).

Parameter                                                                              Value

Age                                                                                    46 (34-71)
FIGO stage                                                                                
   IB1                                                                                  16 (59.3)
   IB2                                                                                   7 (25.9)
   IIA                                                                                   4 (14.8)
Histology                                                                                   
SqCC                                                                                  18 (66.7)
Adenocarcinoma                                                                 9 (33.3)
Preoperative serum SqCC antigen, ng/ml†                              
   <2.0                                                                                 12 (70.6)
   ≥2.0                                                                                  5 (29.4)
Tumor size, cm                                                                          
   <2.0                                                                                  7 (25.9)
   ≥2.0                                                                                 20 (74.1)
Depth of stromal invasion                                                        
   <1/3                                                                                  7 (25.9)
   1/3≤, <2/3                                                                        9 (33.3)
   ≥2/3                                                                                 11 (40.7)
Lymphovascular space invasion                                               
   No                                                                                   14 (51.9)
   Yes                                                                                  13 (48.1)
Parametrial invasion                                                                 
   No                                                                                   23 (85.2)
   Yes                                                                                   4 (14.8)
Lymph node metastasis                                                             
   No                                                                                   21 (77.8)
   Yes                                                                                   6 (22.2)
Surgical margin involvement                                                   
   No                                                                                   25 (92.6)
   Yes                                                                                    2 (7.4)
Satisfying Sedlis criteria‡                                                         
   No                                                                                   14 (51.9)
   Yes                                                                                  13 (48.1)
Adjuvant radiotherapy                                                              
   No                                                                                   11 (40.7)
   Yes                                                                                  16 (59.3)
Follow-up period, month                                                 59 (23-66)
Recurrence                                                                                 
   No                                                                                   22 (81.5)
   Yes                                                                                   5 (18.5)
Death                                                                                          
   No                                                                                   24 (88.9)
   Yes                                                                                   3 (11.1)

FIGO: The International Federation of Gynecology and Obstetrics;
SqCC: squamous cell carcinoma. †only in SqCC histology.
‡Lymphovascular space invasion (LVSI) positive, deep 1/3 stromal
invasion, any size; LVSI positive, middle 1/3 stromal invasion, ≥2.0 cm;
LVSI positive, superficial 1/3 stromal invasion, ≥5.0 cm; LVSI negative,
middle or deep 1/3, ≥4.0 cm.

Table II. Clinicopathological characteristics in patients with vs. without
PD-L1 expression.

Parameter                                                PD-L1 expression         p-Value

                                                           Negative        Positive 
                                                             (n=15)            (n=12)

Age                                                     45.3±7.7        51.5±11.1       0.100
FIGO stage                                                                                      0.930
   IB1                                                   9 (60.0)          7 (58.3)              
   IB2-IIA                                            6 (40.0)          5 (41.7)              
Histology                                                                                         0.001
   SqCC                                               6 (40.0)          12 (100)             
   Adenocarcinoma                             9 (60.0)                0                   
Preoperative serum 
SqCC antigen, ng/ml                                                                      0.117
   <2.0                                                 2 (40.0)         10 (83.3)             
   ≥2.0                                                  3 (60.0)          2 (16.7)              
Tumor size, cm                                                                              >0.999
   <2.0                                                 4 (26.7)          3 (25.0)              
   ≥2.0                                                 11 (73.3)         9 (75.0)              
Depth of stromal invasion                                                              0.293
   <1/3                                                 6 (40.0)           1 (8.3)               
   1/3≤, <2/3                                        3 (20.0)          6 (50.0)              
   ≥2/3                                                 6 (40.0)          5 (41.7)              
Lymphovascular space invasion                                                     0.547
   No                                                    7 (46.7)          7 (58.3)              
   Yes                                                   8 (53.3)          5 (41.7)              
Parametrial invasion                                                                       0.605
   No                                                   12 (80.0)        11 (91.7)             
   Yes                                                   3 (20.0)           1 (8.3)               
Lymph node metastasis                                                                  0.182
   No                                                   10 (66.7)        11 (91.7)             
   Yes                                                   5 (33.3)           1 (8.3)               
Surgical margin involvement                                                        >0.999
   No                                                   14 (93.3)        11 (91.7)             
   Yes                                                    1 (6.7)            1 (8.3)               
Satisfying Sedlis criteria‡                                                              0.863
   No                                                    8 (53.3)          6 (50.0)              
   Yes                                                   7 (46.7)          6 (50.0)              
Adjuvant radiotherapy                                                                    0.930
   No                                                    6 (40.0)          5 (41.7)              
   Yes                                                   9 (60.0)          7 (58.3)              
Recurrence                                                                                     >0.999
   No                                                   12 (80.0)        10 (83.3)             
   Yes                                                   3 (20.0)          2 (16.7)              
Death                                                                                              >0.999
   No                                                   13 (86.7)        11 (91.7)             
   Yes                                                   2 (13.3)           1 (8.3)               

PD-L1: Programmed death-ligand 1; SqCC: squamous cell carcinoma;
FIGO: The International Federation of Gynecology and Obstetrics.



immunotherapy target in patients with cervical cancer who
exhibited SqCC histology.

PD-L1 was highly expressed in tumors with favorable
clinicopathologic factors (preoperative serum SqCC antigen
<2.0 ng/ml [p=0.030] and no parametrial invasion
[p=0.048]) in tumors with SqCC histology. As indicated by
these results, it is important to predict patients who will
respond to anti-PD-1/PD-L1 according to the tumor
microenvironment types based on the presence or absence of

PD-L1 expression. Teng et al. proposed the classification of
tumors into four groups based on their PD-L1 expression
status and presence or absence of tumor-infiltrating
lymphocytes (TILs) (25). These researchers suggested that
tumors with TIL showing positivity of PD-L1 are most likely
to benefit from immunotherapies of anti-PD-1/PD-L1
blockade, as these tumors have intratumoral T cells that are
turned-off by interaction with PD-L1. Ngiow et al. also
found that the presence of T cells with low tumoral PD-1
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Table III. Clinicopathological characteristics according to the grade of PD-L1 expression in patients with squamous cell carcinoma (n=18).

Parameter                                                                                                               PD-L1 expression grade                                                        p-Value

                                                                                           0 (n=6)                     1 (n=5)                       2 (n=3)                       3 (n=4)                       

Age                                                                                                                                                                                                                           0.371
   <50                                                                                 4 (66.7)                     1 (20.0)                      2 (66.7)                       1 (25.0)                       
   ≥50                                                                                 2 (33.3)                     4 (80.0)                      1 (33.3)                       3 (75.0)                       
Preoperative serum SqCC antigen, ng/ml                                                                                                                                                              0.030
   <2.0                                                                                2 (40.0)                     3 (60.0)                      3 (100)                        4 (100)                       
   ≥2.0                                                                                3 (60.0)                     2 (40.0)                           0                                  0                            
FIGO stage                                                                                                                                                                                                               0.227
   IB1                                                                                 4 (66.7)                     1 (20.0)                      2 (66.7)                       4 (100)                       
   IB2-IIA                                                                          2 (33.3)                     4 (80.0)                      1 (33.3)                            0                            
Tumor size, cm                                                                                                                                                                                                        0.785
   <2.0                                                                                2 (33.3)                     1 (20.0)                           0                            2 (50.0)                       
   ≥2.0                                                                                4 (66.7)                     4 (80.0)                      3 (100)                       2 (50.0)                       
Depth of stromal invasion                                                                                                                                                                                       0.929
   <1/3                                                                                2 (33.3)                          0                           1 (33.3)                            0                            
   1/3≤, <2/3                                                                           0                          3 (60.0)                      1 (33.3)                       2 (50.0)                       
   ≥2/3                                                                                4 (66.7)                     2 (40.0)                      1 (33.3)                       2 (50.0)                       
Lymphovascular space invasion                                                                                                                                                                             0.549
   No                                                                                  2 (33.3)                     3 (60.0)                      2 (66.7)                       2 (50.0)                       
   Yes                                                                                 4 (66.7)                     2 (40.0)                      1 (33.3)                       2 (50.0)                       
Parametrial invasion                                                                                                                                                                                                0.048
   No                                                                                  3 (50.0)                     4 (80.0)                      3 (100)                        4 (100)                       
   Yes                                                                                 3 (50.0)                     1 (20.0)                           0                                  0                            
Lymph node metastasis                                                                                                                                                                                           0.310
   No                                                                                  3 (50.0)                     5 (100)                       3 (100)                       3 (75.0)                       
   Yes                                                                                 3 (50.0)                          0                                 0                            1 (25.0)                       
Surgical margin involvement                                                                                                                                                                                  0.322
   No                                                                                  5 (83.3)                     4 (80.0)                      3 (100)                        4 (100)                       
   Yes                                                                                 1 (16.7)                     1 (20.0)                           0                                  0                            
Satisfying Sedlis criteria                                                                                                                                                                                         0.841
   No                                                                                  3 (50.0)                     2 (40.0)                      2 (66.7)                       2 (50.0)                       
   Yes                                                                                 3 (50.0)                     3 (60.0)                      1 (33.3)                       2 (50.0)                       
Adjuvant radiotherapy                                                                                                                                                                                             0.322
   No                                                                                  1 (16.7)                     2 (40.0)                      1 (33.3)                       2 (50.0)                       
   Yes                                                                                 5 (83.3)                     3 (60.0)                      2 (66.7)                       2 (50.0)                       
Recurrence                                                                                                                                                                                                               0.535
   No                                                                                  3 (50.0)                     5 (100)                      2 (66.7)                       3 (75.0)                       
   Yes                                                                                 3 (50.0)                          0                           1 (33.3)                       1 (25.0)                       
Death                                                                                                                                                                                                                        0.724
   No                                                                                  5 (83.3)                     5 (100)                      2 (66.7)                       4 (100)                       
   Yes                                                                                 1 (16.7)                          0                           1 (33.3)                            0                            

PD-L1: Programmed death-ligand 1; SqCC: squamous cell carcinoma; FIGO: The International Federation of Gynecology and Obstetrics.



expression positively predicted responses to anti-PD-1
antibody (26). They suggested that low PD-1 T cells
produced higher levels of IFN-γ and TNF compared to high
PD-1 T cells, which might induce PD-L1 expression in the
tumor microenvironment. Considering the correlation of
tumoral PD-L1 expression with the response to anti-PD-
1/PD-L1 therapy, patients with tumoral low PD-1/high PD-
L1 expression might be good candidates for clinical trials
involving PD-1/PD-L1 blockade (14, 16). Currently, clinical

phase I/II trials examining the effects of AGEN2034
(NCT03104699) and nivolumab (NCT02488759,
NCT02257528) for only advanced or recurrent cervical
cancer are ongoing. These study results have not yet been
reported; however, recently, Martínez et al. presented a
heavily pretreated patient with recurrent advanced cervical
SqCC who had exhausted all available treatment options and
showed a striking response to the immune checkpoint
inhibitor pembrolizumab (27).

ANTICANCER RESEARCH 37: 5087-5094 (2017)

5092

Figure 2. Survival outcomes according to the detection of PD-L1 expression (solid line: positive vs. dotted line: negative); (A) 5-year progression-
free survival of the entire study population (83.3% vs. 80.0%, p=0.831); (B) 5-year overall survival of the entire study population (90.9% vs. 93.3%,
p=0.845); (C) 5-year progression-free survival of patients with SqCC (83.3% vs. 50.0%, p=0.136); (D) 5-year overall survival of patients with
SqCC (90.9% vs. 83.3%, p=0.615). PD-L1: programmed death-ligand 1; SqCC: squamous cell carcinoma.



PFS was favorable in patients with cervical SqCC with
PD-L1 expression than in those without PD-L1 expression;
however, this observation was not statistically significant
(83.3% vs. 50.0%, p=0.136). Regarding the limitations of our
study, the small sample size might lower the statistical power
of our analysis. Furthermore, discrepancies exist regarding
the prognostic role of PD-L1 expression in each malignancy.
Some analysis has suggested that patients with high tumoral
PD-L1 expression had significantly poorer survival outcomes
(22, 28-30), while some did not (24, 31, 32). Amid the
growing controversy, Karim et al. found that PD-L1 may
improve OS in a small subgroup of cervical cancer patients
with tumors that are relatively heavily infiltrated by
regulatory T cells with low CD8+/regulatory T-cell ratio
(p=0.033) (33). Heeren et al. showed that patients who had
cervical SqCC with diffuse PD-L1 expression or no PD-L1
expression exhibited worse PFS (p=0.022 and p=0.029,
respectively) in comparison to patients with marginal PD-L1
expression in tumors (17). The prognostic role of PD-L1
expression in cervical cancer will be determined after
resolving the problems associated with a small sample size,
short-term follow-up, history of therapy, intratumoral
heterogeneity, or the antibody used to detect PD-L1.

In conclusion, we showed that PD-L1 was more
frequently expressed by SqCC than by adenocarcinoma.
Although the efficacy of immunotherapies for cervical
cancer has not been elucidated, our data suggest that
targeting the PD-1/PD-L1 pathway could be a therapeutic
target for cervical SqCC. Further large trials for cervical
cancer cohorts consisting of rational candidates are
warranted so that immunotherapies targeting PD-1/PD-L1
can soon be translated from the bench to the clinic.
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