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Abstract

The management options are limited in advanced or recurrent cervical carcinoma. Food Drug 

Administration has recently approved Programed Cell Death Ligand-1 (PD-L1) blockers in the 

treatment of advanced PD-L1 positive cervical cancer. We studied PD-L1 expression in Cervical 

Squamous Cell Carcinoma (CSCC) samples initially on a Tissue Microarray (TMA) and then in 

full-tissue sections from poorly differentiated cancers. TMA was composed 45 grade II and III 

tumors. PD-L1 expression was evaluated as categorical data and by obtaining combined positive 

scores (CPS) of neoplastic and mononuclear inflammatory cells. In TMA samples PD-L1 

expression was higher in poorly differentiated cancers compared to grade II tumors by 

immunohistochemistry. Full-tissue sections from grade III CSCC (n=22) were stained with PD-L1, 

CD8 and VEGF antibodies. Poorly differentiated CSCC samples had three distinct PD-L1 staining 

patterns: diffuse, patchy and limited staining within the tumor-stroma interface. The latter pattern 

was associated with low CPS. Importantly, younger patients (median=32) had tumors with higher 

PD-L1 expression. The tumor size was positively and lymphovascular invasion negatively 

associated with PD-L1 expression. In addition, CD8+ tumor infiltrating lymphocyte (TIL) density 

within the neoplastic tissue matched with PD-L1 levels. The overall survival (OS) rates did not 

correlate with PD-L1 expression. However, high CD8+ density within the neoplastic tissue was 

associated with better survival rates in multivariate analysis. PD-L1 expression and CD8+ TIL 

density may be useful to define a subgroup of patients with relatively better prognosis in poorly 

differentiated CSCC. It is warranted to validate our results in a larger sample size.

Introduction

Cervical cancer is the third common gynecologic cancer in the United States with an 

estimated incidence rate of 13 240 in 2018 1. In the last decades, effective screening 

programs and preventive vaccines facilitated early detection of precursor lesions and 

decreased cancer rates in the developed countries 2. Currently, recommended therapy for 

advanced stage cancers, defined as stage IB2 and IVA by International Federation of 
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Gynecology and Obstetrics, is concurrent chemoradiation (CCR) therapy 3. However, 

recurrent or metastatic disease develops in 15-61% of women within the first two years after 

completion of the primary therapy 4. The management of recurrent cervical cancer depends 

on previous treatment modalities. In the presence of prior pelvic irradiation, only curative 

therapy is pelvic exenteration procedure with high morbidity and mortality rates 5,6. The 

majority of patients with recurrent or metastatic cervical cancer are treated with palliative 

platinum-based chemotherapy without significant survival benefits 7,8. The addition of 

vascular endothelial growth factor (VEGF) inhibitors reduced hazard of disease progression 

and prolonged overall survival (OS) 9. Epithelial growth factor inhibitors, targeting of 

PI3K/AKT/mTOR pathway and therapeutic vaccines are other new treatment modalities 

included in clinical trials for recurrent or metastatic cervical cancer 10-12. Until recently, 

immunotherapy was emphasized as maintenance therapy for high-risk patients with multiple 

positive pelvic lymph nodes, uterine corpus extension and positive paraaortic lymph nodes 

in patients treated with CRR 13. However, Food Drug Administration (FDA) approved 

Programmed cell death ligand-1 (PD-L1) blocker, pembrolizumab, to treat PD-L1 positive 

advanced cervical cancer in June 2018.

PD-L1 is a member of B7 family and the receptor of a transmembrane protein, Programmed 

cell death-1 (PD-1) 14. PD-1 is expressed in effector immune cells and PD-L1 associated 

with antigen presenting cells such as dendritic and cancer cells 15. The expression of PD-1 is 

upregulated after T and B cell activation. The immune checkpoint inhibitors maintain 

tolerance against autoimmunity under physiologic conditions. PD-1/PD-L1 interaction leads 

to blockage of T cell activation by inhibiting T cell receptor (TCR) signal transduction and 

C28-CD80- co-stimulation 16. As an immune resistance mechanism PD-L1 is overexpressed 

in several cancer types 17,18 and immune checkpoint inhibitors are already in use for the 

treatment of metastatic melanoma, non-small cell lung carcinoma, head and neck, kidney 

and urothelial carcinomas, Hodgkin lymphoma and mismatched repair deficient cancers 19. 

Even though FDA has recently approved PD-L1 blockers in advanced cervical cancer it is 

not well defined which patient subgroup would benefit most from the treatment. We studied 

PD-L1 expression of cervical squamous cell carcinoma (CSCC) by immunohistochemistry 

(IHC) in a stepwise approach, first on a tissue microarray (TMA) and then in full-tissue 

sections from poorly differentiated cancer samples. In addition to PD-L1, immunostains for 

CD8 and VEGF were performed in the latter group. Results were correlated with 

clinicopathologic parameters.

Material and Methods:

Study Design

Step 1: (Tissue Microarray): The TMA was composed of 45 CSCC and 37 matching 

benign squamous epithelium from cancer patients and 8 normal squamous mucosa from 

healthy individuals. There were 21 Grade II and 24 Grade III samples. TMA was stained 

with PD-L1 and p16 INK4 antibodies. PD-L1 immunostaining results were evaluated as 

categorical data (<1% membranous staining: negative; 1-49% positivity: expressed; 

50-100%: diffusely expressed) and continuous data. In categorical analysis, total percentage 

of partial and complete membranous staining of only neoplastic cells was recorded. The 
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latter reading included combined percentage of positively stained neoplastic and 

mononuclear inflammatory cells and was called Combined Positive Score (CPS). In cervical 

cancer, CPS is the recommended method of evaluation for the FDA-approved commercial 

PD-L1 assays. P16INK4 staining was considered positive when there is at least 5% nuclear 

and/or cytoplasmic block staining in the neoplastic tissue.

Step 2: poorly differentiated CSCC samples: Twenty-two out of 24 poorly 

differentiated CSCC from TMA samples were available for additional immunohistochemical 

studies. Representative full-tissue sections were stained with PD-L1, CD8 and VEGF 

antibodies. PD-L1 expression was evaluated in a similar way to TMA samples and included 

both categorical data and CPS. Even though there was an in situ carcinoma component in 

some samples only invasive carcinoma was graded in all readings. CD8+ Tumor Infiltrating 

Lymphocytes (TIL) were evaluated separately in the neoplastic tissue and surrounding 

stroma. The number of CD8+ TIL was counted in 15-20 high power fields and a mean was 

obtained for neoplastic cells and surrounding stroma. The density of TIL was divided into 3 

groups: (1+): less than 5 TIL, (2+): (6-19 TIL) and (3+): 20 or more CD8+ TIL 20. VEGF 

staining was recorded as percent of positively stained neoplastic cells.

Immunohistochemistry—Ventana Discovery XT automated system (Ventana Medical 

Systems, Tucson, AZ) was used as per manufacturer's protocol with proprietary reagents for 

all antibodies. Briefly, 4 micron-thick tissue sections were deparaffinized on the automated 

system with EZ Prep solution. Heat-induced antigen retrieval method was used in Cell 

Conditioning for 1 hour. Sections were stained with rabbit PD-L1 monoclonal antibody 

(CST 13684, Cell Signaling Technology, Danvers, MA) at a concentration of 1:50 with 

appropriate positive and negative controls. A mouse monoclonal CD8 antibody (#760-4250, 

Ventana, Oro Valley, AZ) was used at a prediluted concentration and incubated for 32 

minutes. A rabbit VEGF (#ab52917, Abcam, Cambridge, MA) and p16 Ink4a (Proteintech 

Group; Rosemont, IL) antibodies were diluted to 1:200 and 1:500 concentrations 

respectively. The Ventana ChromoMap kit was used as a detection system. Slides were 

counterstained with Hematoxylin which was followed by dehydration and cover slipping.

Statistical Analyses—Patient characteristics were summarized using descriptive statistics 

including mean, median and range for continuous measures and proportions and frequencies 

for categorical measures. The association between continuous variables and PD-L1 Status 

and CD8 were assessed using Kruskal-Wallis tests or Student T test. The associations 

between categorical variables and PD-L1 Status and CD8 were evaluated using Fisher’s 

exact tests. Results from the overlapping TMA and full-tissue samples were compared by 

Pearson Correlation test. Log-rank tests were used to determine if clinical variables were 

independently associated with OS. Cox proportional hazards models were used to 

incorporate clinical variables into a multivariate survival model. Model development was 

completed by first including any clinical variable with p < 0.05 into an initial model, 

followed by backward elimination to remove variables with p > 0.05 from the final model. 

All analyses were performed with SAS version 9.4.
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Results

PD-L1 expression in cervical squamous cell cancer does not correlate with overall survival

In TMA samples (n=45), median patient age was 42 (24-83). Primary surgeries performed 

between 1991 and 2006. Only one patient received preoperative radiation therapy. 

Locoregional lymph node dissection was performed in 44 patients and 14 of them had 

positive regional lymph nodes. The majority of patients were diagnosed at stage I (n=34) and 

stage II (n=5) diseases. Only one patient had stage III and 2 patients had stage IV disease. 

PD-L1 expression was significantly different between tumor and normal tissue controls 

(p<0.001) and also between moderately (grade II) and poorly differentiated (grade III) 

cancer samples. The difference was borderline significant in categorical analysis (p=0.04) 

between grade II and III tumors. Mean CPS was 3% for moderately differentiated CSCC and 

14% for poorly differentiated CSCC. PD-L1 expression difference was more pronounced in 

CPS analysis (p=0.027). Patients with stage I disease (n=34) had higher PD-L1 expressing 

tumors compared to patient with stage II, III and IV disease (n=8) (p=0.026). All tumor 

samples expressed p16 INK4. There was no association between PD-L1 and p16 INK4 

expression. Clinicopathologic parameters such as patient’s age, lymphovascular space 

invasion (LVSI), tumor size, lymph node status and OS did not correlate with PD-L1 

expression in TMA cohort.

Younger patients with poorly differentiated CSCC had higher PD-L1 expressing tumors

In poorly differentiated CSCC (n=22), the median patient age was 47 (24-73). There were 16 

stage I, four stage II and two stage IV disease. In categorical analyses, 8 samples (36%) had 

less than 1% PD-L1 expression and negative result. Fourteen samples expressed or diffusely 

expressed PD-L1 antibody (≥1% PD-L1 expression). There was diffuse PD-L1 expression 

(50% or more membranous positivity) in 5 cases (23%) (Figure 1A). CPS for PD-L1 varied 

from 0 to 80% (median: 5%). There were 4 cases with 0% CPS. PD-L1 expression was 

localized around tumor-stroma interface in 5 samples (figure 1B). All five samples had low 

total PD-L1 scores (5-20%). Remaining twelve cases with less than 50% PD-L1 expression 

had patchy staining pattern (Figure 1C). Twelve samples out of 22 poorly differentiated 

CSCC samples had matching positive or negative PD-L1 categorical results with TMA 

samples. The combined PD-L1 score in tumor and mononuclear inflammatory cells did not 

correlate between TMA and overlapping full-tissue sections from poorly differentiated 

CSCC samples. However, there was a positive trend in 22 poorly differentiated carcinoma 

samples (p=0.07). In one poorly differentiated CSCC sample, diffuse and strong PD-L 

expression was limited to in-situ carcinoma. Invasive carcinoma component of the sample 

had 0% PD-L1 expression score (figure 1D). Final result was recorded as 0% for the sample.

The median patient age was 56 (34-73) for negative PD-L1 expressing tumors and 36 

(31-41) for high PD-L1 (50% or more) expressing tumors. PD-L1 expression levels were 

correlated with diagnosis at young age when PD-L1 was categorical variable (p=0.028) and 

also in also CPS analysis (p=0.016). The median tumor size was 2.2 cm for PD-L1 negative 

tumors and 3.5 cm for PD-L1 expression tumors. The tumor size was correlated with high 

PD-L1 expression with a borderline significance (p=0.048) in the categorical analysis. The 

association was stronger in CPS result (p=0.014). Five out of 8 lymph node positive patients 
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had tumor with no PD-L1 expression. None of the patients with diffuse PD-L1 expressing 

tumors had positive regional lymph nodes. However, negative trend between PD-L1 

expression and positive lymph node status was not significant (p=0.07). Out of 22 samples 

14 had LVSI. PD-L1 expression was inversely associated with LVSI in both categorical and 

CPS analysis (p=0.03). Other clinicopathologic parameters such as disease stage and OS did 

not correlate with PD-L1 expression levels. Table 1 shows summary of clinicopathologic 

parameters and PD-L1 expression in poorly differentiated CSCC.

High CD8+ T cell density in both tumor and stroma correlates with low-stage disease

CD8+ TIL density was high (3+) within the neoplastic tissue in 9 Stage I disease. High-CD8 

density in surrounding stroma was observed in 16 stage I and 4 stage II diseases. Two stage 

IV diseases had (1+) tumor and (2+) stromal TIL density (figure 2). CD8+ TIL density both 

in neoplastic tissue and stroma was positively correlated with low-stage disease. CPS for 

PD-L1 was associated with CD8+ TIL density in tumor (p=0.04) and stroma (p=0.035). 

There was no correlation between CD8+ TIL and the patient age. OS rates varied from 9 to 

245 months in patients with poorly differentiated CSCC (mean: 113 months). Patients with 

(1+), (2+) and (3+) CD8 expressing tumors had different OS rates in univariate analysis. In 

multivariate analysis high CD8+ TIL density in the neoplastic tissue (3+ TIL) was associated 

with better OS rates after the disease stage was adjusted (p=0.004) (figure 3).

VEGF expression was localized to neoplastic tissue and surrounding vasculature. Only 

marker expression in the neoplastic tissue was evaluated. VEGF expression varied from 0% 

to 20% (median: 1%). Even though there was a negative trend between VEGF and PD-L1 

expression, the expression levels did not correlate in our limited sample size. There was no 

association between VEGF expression and clinicopathologic parameters.

Discussion

Immunotherapy can potentially be a significant treatment modality in cervical cancer since 

its oncogenesis involves presence of human papilloma virus (HPV) infection as an etiologic 

factor 2. Currently clinical trials are in progress to determine efficacy of PD-1/PD-L1 

blockers 21 in the advanced cervical cancer. PD-L1 expression by immunohistochemistry has 

been tested as a biomarker to predict treatment response to anti PD-1/PD-L1 therapy with 

conflicting results in the literature. Patients with no PD-L1 expressing tumors in other 

anatomical sites had clinical benefit from anti PD-L1 treatment 22. The diagnostic challenges 

involved in interpretation of PD-L1 immunostaining include tumor heterogeneity, transient 

marker expression and lack of standard PD-L1 readings 15. In cervical cancer, CPS 

evaluation is recommended for the FDA-approved assays. We used both CPS and categorical 

analysis of PD-L1 expression in the neoplastic tissue. The evaluation of full-tissue sections 

showed three distinct staining patterns in poorly differentiated carcinoma: diffuse (more than 

50% membranous positivity), focal/patchy and interface pattern with low CPS. The tumor-

stroma interface staining pattern was recognized by prior investigators 23 and associated 

with better prognosis compared to diffuse PD-L1 expression in patients with CSCC 24. Only 

five out of 22 poorly differentiated CSCC cases had diffuse CPS in our samples. The 

overlapping poorly differentiated CSCC samples from TMA and full-tissue sections did not 
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have matching PD-L1 results. The spatial heterogeneity of marker expression can potentially 

give positive or negative results depending on the area tested. PD-L1 expression can also be 

a dynamic or transient process and affected from prior radiation treatment 25. Surgery was 

the first-line treatment modality in our cohort. Only one patient received radiation therapy 

before surgical treatment.

The tumor subtype was correlated with the level of PD-L1 expression in the literature. 

CSCC samples expressed higher PD-L1 levels compared to adenocarcinoma and 

adenosquamous carcinoma of the cervix 26. We showed poorly differentiated SCCC had 

higher PD-L1 expression compared to grade II tumors. The result is comparable with poorly 

differentiated cancers involving bladder 27, endometrium 28, ovary 29 and the lung 30. 

However, lack of well-differentiated CSCC samples in the TMA is one of the shortcomings 

of our study. In addition to tumor grade, the disease stage was also correlated with PD-L1 

expression in TMA samples. There was a difference in PD-L1 expression between early 

stage (stage I) and higher stage cancers. The limited sample size of advanced cancers (only 8 

patients) hampers our result and a cautious interpretation is required. Another interesting but 

limited finding involved a sample. There was a loss PD-L1 expression in the invasive 

carcinoma even though diffuse and strong PD-L1 positivity was noted in carcinoma in situ 

component. In contrast to our observation a proportional increase in the marker expression 

with the increasing grade of cervical intraepithelial neoplasia and invasive SCC was reported 

in a prior study 31.

Among the clinicopathologic parameters, young- age was associated with high PD-L1 

expression in poorly differentiated CSCC. Immune-senescence can be a plausible 

explanation for the finding. In later life, thymic involution and lower amounts of T cell 

progenitors from bone marrow result in very few naïve T cell production. Elderly people 

have marked expression of CD27 and CD28-negative CD8+ senescent T cells 32. In a recent 

metanalysis the efficacy of PD-1/PD-L1 blockers had comparable results in adult patients 

younger and older than 65 years in current clinical trials involving head and neck, lung and 

kidney cancers 33. On the other hand, hyper-progressive disease was associated with old age 

and worse OS in patients with nonsmall cell carcinoma treated with PD1/PD-L1 blockers 34. 

Other pathologic parameters associated with PD-L1 expressions were tumor size and LVSI. 

LVSI was positively associated with PD-L1 expression in several cancer types including 

endometrial 35 and lung cancers 36. The negative correlation with LVSI and PD-L1 

expression in our study contradicts prior results. However, the analysis included only poorly 

differentiated CSCC samples. PD-L1 expression was not correlated with LVSI in TMA 

samples.

When marker expression levels were compared PD-L1 expression was associated with CD8 

levels both in tumor and surrounding stroma of poorly differentiated CSSC samples. In 

another HPV associated cancer, squamous cell carcinoma of head and neck (SCCHN), CD8+ 

T cells were found to express higher levels of PD-1 in tumor microenvironment 23. In 

addition, aggressive tumor morphology was associated with high PD-L1 levels and high 

CD3 and CD8 positive lymphocytic infiltrates in SCCHN 37. In our poorly differentiated 

CSSC group, high-CD8+ TIL levels were correlated with low-stage disease and better OS 

rates even after disease stage was adjusted. In cervical carcinoma, high CD8 levels were 
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reportedly associated with absence of lymph node metastasis 38 and low CD8/treg ratio was 

associated with poor survival rates 39. CD8+ TIL density likewise was correlated with better 

survival outcomes in SCCHN 37,40 and nonsmall cell lung cancer 41.

In summary, clinicopathologic features can be important in selecting patients for 

pembroluzimab treatment in CSCC. PD-L1 expression was higher in grade III CSCC 

compared to grade II samples. Even though PD-L1 expression was not directly associated 

with OS tumor size, patient age and LVSI were correlated with PD-L1 expression in poorly 

differentiated CSCC. CD8+ TIL levels in neoplastic tissue and its surrounding stroma were 

positively correlated with PD-L1 expression. In poorly differentiated CSCC, PD-L1 

expression and CD8+ TIL density may define a subgroup of patients with relatively better 

survival outcomes. Our results should be validated in a larger patient cohort especially in 

patients treated with prior CCR therapy.
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Figure 1: 
Patterns of PD-L1 expression in Cervical Squamous Cell Carcinoma (CSCC). 1A: diffuse 

membranous expression (100x). 1B: Localized staining between tumor and stroma (100x). 

Inset: higher power (200x). 1C: Patchy staining in neoplastic cells (100x). 1D: PD-L1 

expression was lost in the invasive component of CSCC (arrow), diffuse and strong 

expression in squamous carcinoma in situ component (100x).
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Figure 2: 
CD8+ Tumor Infiltrating Lymphocytes. 2A: (1+) staining within the neoplastic tissue (200x) 

2B: (2+) staining (200x). 2C: (3+) staining (200x).
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FIG. 3. 
Overall survival (OS) rate and CD8+ tumor-infiltrating lymphocytes (TIL) density in 

periturmoral stroma. Multivariable analysis shows thay high CD8+ TIL density is associated 

with better OS rates compared with intermediate TIL levels. CI indicates confidence 

interval.

Saglam et al. Page 12

Int J Gynecol Pathol. Author manuscript; available in PMC 2021 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Saglam et al. Page 13

Table 1:

Summary of clinicopathologic parameters and PD-L1 expression in poorly differentiated Cervical Squamous 

Cell Carcinoma.

No Age Stage Margin
Status

LIV PD-L1
Tumor

CPS

1 34 I N Y N 5%

2 53 II N Y N 5%

3 36 I N N E 40%

4 57 I N Y E 5%

5 38 I N Y DE 60%

6 36 I N N DE 70%

7 54 I N Y E 5%

8 41 I N N DE 70%

9 61 IV N Y N 1%

10 62 II N Y E 20%

11 31 I N N DE 60%

12 42 I N Y E 20%

13 61 IV N Y N 0%

14 42 I N Y N 0%

15 46 II N Y E 15%

16 72 II Y Y E 5%

17 33 I N N DE 80%

18 24 I N Y E 1%

19 50 I N Y N 0%

20 33 I N N E 10%

21 73 I N N N 0%

22 59 I N N N 5%

LIV: Lymphovascular Involvement. CPS: Combined positive score.

N: Negative, E: expressed, DE: diffusely expressed. Y: yes, N: no.
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