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Several of the cancer immunotherapies under investigation or in clinical use target the programmed death-ligand
1/programmed death-1 (PD-L1/PD-1) signaling axis. PD-L1 expression in tumor samples has been used as a
predictive marker for response to these therapeutics, and may also have independent prognostic utility when
assessed along with immune cell markers. Our objectives were to assess the expression of PD-L1 in tumor
specimens from a uniformly treated patient cohort with locally advanced cervical cancer, and to determine its
prognostic significance along with the density of tumor-infiltrating T cells. We identified 120 patients with locally
advanced cervical cancer treated with radical chemoradiotherapy, and built tissue microarrays from their
formalin-fixed, paraffin-embedded pre-treatment biopsies. We used conventional brightfield and fluorescence
immunohistochemistry to detect PD-L1, and quantified protein expression using both manual pathologist
scoring and automated software analysis. We also evaluated the effect of PD-L1 expression in tumors, along with
the presence and density of intra-tumoral CD8+ T cells, on patient survival outcomes. Approximately 96% of the
tumor samples expressed PD-L1, as determined using quantitative software analysis. Neither expression of PD-
L1 nor density of CD8+ T cells was associated with progression-free or overall survival. However, there was a
trend towards worse progression-free survival in patients whose tumors expressed PD-L1 but lacked CD8+

T cells (hazard ratio= 0.43 (0.18–1.01), P= 0.053). Nevertheless, the high percentage of cervical cancer tumor
samples expressing PD-L1 suggests that anti-PD-L1 or anti-PD-1 therapies are potential treatment options for
this patient population.
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Cervical cancer is one of the most common cancers
in women, with a worldwide annual incidence
of 500 000 cases and 270 000 resultant deaths.1 A
significant proportion of patients present with
locally advanced cervical cancer.2 The standard
treatment for these women involves concurrent
cisplatin-based chemotherapy and radiotherapy, the
pairing of which represents the most significant
advance in cervical cancer treatment for over a

decade. Nevertheless, many patients are either
resistant to chemoradiotherapy or relapse following
treatment, resulting in 30–40% mortality over
5 years.2,3 Many research efforts are consequently
devoted to the identification of prognostic or
predictive biomarkers that can assist clinical deci-
sion-making, and the development of better thera-
pies for management of locally advanced cervical
cancer.

The advent of cancer immunotherapy has signifi-
cantly improved the management of many malig-
nancies in recent years. It involves the use of targeted
agents (often monoclonal antibodies) that inhibit
immune checkpoint proteins which suppress the
adaptive immune system.4 Programmed death-
ligand 1 (PD-L1, also known as B7-H1 or CD274) is

Correspondence: Dr CM Doll, MD, Department of Oncology, Tom
Baker Cancer Centre, 1331 29th Street NW, Calgary, AB, Canada
T2N 4N2.
E-mail: corinne.doll@ahs.ca
Received 12 August 2016; revised 10 November 2016; accepted 11
November 2016; published online 6 January 2017

Modern Pathology (2017) 30, 577–586

© 2017 USCAP, Inc All rights reserved 0893-3952/17 $32.00 577

www.modernpathology.org

http://dx.doi.org/10.1038/modpathol.2016.221
mailto:corinne.doll@ahs.ca
http://www.modernpathology.org


one such checkpoint protein, and is expressed on the
cell surface of many solid tumors. It inhibits immune
surveillance by blocking proliferation and activation
of T cells that express the receptor protein, pro-
grammed death-1 (PD-1). PD-L1/PD-1 blockade
allows cytotoxic T cells to recognize and destroy
tumor cells, while sparing adjacent normal tissue.
Antibodies that interfere with the PD-L1/PD-1 inter-
action have demonstrated significant clinical activity
in a range of malignancies including melanoma, lung
cancer, and urothelial carcinoma.5–8 Furthermore,
the observation that human papillomavirus-driven
malignancies such as oral and oropharyngeal carci-
nomas express PD-L19–11 has led to clinical trials
testing the efficacy of PD-L1/PD-1 blocking immu-
notherapy in these cancers.12,13

Whereas PD-L1/PD-1 inhibitor therapy is an area
of active clinical research, there is little information
on the expression of PD-L1 in cervical cancer. This
dearth of information is surprising given that there
are at least two active National Cancer Institute
clinical trials, NCT01975831 and NCT02628067,
which involve the use of PD-L1/PD-1 inhibitors in
patients with cervical cancer. Recent papers have
addressed PD-L1 expression in cervical cancer as a
correlate of human papillomavirus infection14 or
copy-number gain of the PD-L1 (CD274) genetic
locus;15 however, there have been few comprehen-
sive assessments of PD-L1 expression in early stage
or locally advanced cervical cancer as a predicate to
the utility of checkpoint immunotherapy. Moreover,
there are presently no data investigating PD-L1
expression and prognostic impact in cervical cancer
patients treated with radical chemoradiotherapy.
Emerging data in other tumor sites suggest that high
levels of PD-L1 in tumor cells may be a negative
prognostic marker,16–18 particularly in the context of
T-cell infiltration into the tumor microenviron-
ment.19

The purpose of this study was to determine pre-
treatment tumor expression of PD-L1 in locally
advanced cervical cancer patients treated with
radical chemoradiotherapy. We accomplished this
goal using a combination of fluorescence and
conventional brightfield immunohistochemistry
techniques to combine the sensitivity of the former
method with the clinical utility of the latter. We also
determined the density of intra-tumoral CD8+ T cells,
and correlated PD-L1 expression and T-cell density
with clinical outcome.

Materials and methods

Patient Selection and Chart Review

This study received ethical approval from the
local Institutional Research Ethics Board. Patients
included in this retrospective study were women
diagnosed with cervical cancer of International
Federation of Gynecology and Obstetrics stages IB

to IVA. They were all treated with radical chemor-
adiotherapy with curative intent at a single tertiary
cancer care institution (Tom Baker Cancer Centre,
Calgary, Alberta, Canada) between 1999 and 2008.
Clinical, treatment and follow-up details were
extracted from patient charts. Pre-treatment staging
included examination under anesthesia, cystoscopy,
sigmoidoscopy, chest X-ray, abdominal, and pelvic
computed tomography. All patients completed
chemoradiotherapy within 180 days of diagnosis.

Treatment

Radiotherapy involved a combination of whole-
pelvis external beam radiotherapy and brachyther-
apy (low-dose or high-dose rate). Pelvic external
beam radiotherapy was typically administered by
means of a four-field technique using high-energy
photons. The most common radiotherapy dose and
fractionation regimen was 45 Gy, administered in 25
equal fractions over five weeks (one fraction a day,
five fractions a week). Cisplatin chemotherapy,
administered concurrently with external beam radio-
therapy, was administered at a dose of 40mg/m2.
Unless otherwise required, patients were monitored
after treatment with routine clinical exams every
3 months for the first year, every 4 months for the
second year, and every 6 months for up to 5 years.

Fluorescence Immunohistochemistry

We constructed tissue microarrays from archival
formalin-fixed, paraffin-embedded pre-treatment
biopsies, as described previously.20 Sections of these
tissue microarrays (4 μm) were used in fluorescence
immunohistochemistry as described previously.21
Heat-induced epitope retrieval was performed by
incubating slides in a citrate-based (pH 6.0) target
retrieval solution (S1699, Dako, Mississauga,
Canada), and heating to 121 °C for three minutes
in a decloaking chamber (Biocare Medical, Concord,
CA, USA). Antibodies used were against PD-L1
(rabbit monoclonal, clone E1L3N, 1:2500, Cell
Signaling Technology, Danvers, MA, USA) and
pan-cytokeratin (guinea pig polyclonal, catalog
number BP5069, 1:100, Acris, San Diego, CA,
USA). The PD-L1 antibody has been validated
previously.22,23 Isotype control antibodies were used
at concentrations matched to those of the respective
primary antibodies. Immunohistochemistry was per-
formed on a Dako Autostainer Link 48; antibodies
were diluted with SignalStain protein blocking
reagent, and incubated with the tissue samples at
room temperature for 30min. Secondary antibodies
were anti-rabbit EnVision+ (K4011, Dako) and an
Alexa 488-conjugated anti-guinea pig antibody
(A11073, 1:200, Thermo Scientific, Burlington, ON,
Canada). PD-L1 staining was visualized with TSA-
Plus Cy5 signal amplification reagent (Perkin Elmer,
Waltham, MA, USA), and nuclei were visualized
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with 4′,6-diamidino-2-phenylindole (Thermo Scientific,
catalog number D1306). After immunostaining, slides
were coverslipped using ProLong Gold anti-fade
mounting medium (Thermo Scientific, catalog
number P36934), and stored at 4 °C until scanned.

Brightfield Immunohistochemistry

Conventional brightfield immunohistochemistry was
performed on a Leica BOND autostainer, using
Protocol F and the Polymer Refine detection kit
provided by the manufacturer. Slide dewaxing,
rehydration, and epitope retrieval were performed
on-board; for the latter, we used the ethylene
diamine tetraacetate-based Epitope Retrieval
Solution 2 (Leica), and slides were heated to 100 °C
for 10min (for PD-L1) or 20min (for CD8). The PD-L1
antibody was a rabbit monoclonal (clone E1L3N,
1:100, Cell Signaling Technology), and the CD8
antibody was a mouse monoclonal (clone C8/144B,
1:200, Dako). After staining, slides were dehydrated
by stepwise three-minute incubations in 70, 85 and
100% ethanol, followed by two 5-min incubations in
xylenes. The slides were coverslipped using Cytoseal
XYL (Thermo Scientific) and dried overnight before
visualization.

Immunohistochemical Assessment and Scoring

The density of CD8+ cells was scored by one
pathologist (MK1) within the tumor compartments
of the tissue microarray cores. These cores were
assigned scores of 0 (no CD8+ cells), 1 (low density,
1–2 CD8+ cells per core), 2 (moderate density, 3–15
CD8+ cells per core), 3 (high density, 415 countable
CD8+ cells per core), or 4 (extreme density, uncoun-
table CD8+ cells per core). Tissue microarray cores
with o25% epithelial tumor content were consid-
ered uninterpretable.

Brightfield PD-L1 expression was manually
assessed by two pathologists (MK1 and MK2) only
in tumor cells. Tumor-associated lymphocytes and
macrophages expressing PD-L1 were not scored.
PD-L1 expression in tumor cells was scored using
the H-score with three intensity levels, and the
percent of PD-L1+ cells estimated in 1% steps up to
10%, and thereafter 5% steps. The mean percentage
of PD-L1+ cells across all available tissue microarray
cores for each observer was used for further analyses.

Image Analysis for PD-L1 Protein Expression

Tissue microarray slides stained by fluorescence
immunohistochemistry were digitized with an
Aperio Scanscope FL, and multi-channel images
were imported into the AQUAnalysis software
platform (version 2.4.4.1, Genoptix)21 to determine
the mean intensity of PD-L1 fluorescent staining
intensity within the cytokeratin-positive tumor area.

Tissue microarray samples were not analyzed if
fewer than 200 tumor cells were present. The data
were reported as tumor AQUA scores (tAQUA,
Figure 1).

Image Analysis for Proportion of Tumor Cells
Expressing PD-L1

To determine the percentage of PD-L1+ tumor cells,
an algorithm was designed within HALO image
analysis software (version 1.94.392, Indica Lab),
using the Membrane FL module to identify PD-L1
expressing cells within the cytokeratin-positive
tumor area. To verify the accuracy of the detection,
a mechanistically different algorithm was designed
using the Cytonuclear FL module. Concordance was
high between the algorithms for total number of
cytokeratin-positive cells detected (Lin’s concor-
dance: 0.921 (95% confidence interval (CI): 0.908–
0.933)) and percentage of PD-L1-positive cells (Lin’s
concordance: 0.982 (95% CI: 0.978–0.985)). Results
of the Membrane FL algorithm were used for further
statistical analyses.

Statistical Analysis

PD-L1 expression was dichotomized at the median
PD-L1 tAQUA score or HALO score. Wilcoxon’s
rank sum, Pearson’s χ2 and Fisher’s exact tests were
used where appropriate. Agreement was assessed
using Lin’s concordance correlation coefficient.24
Progression-free survival and overall survival
were measured from the date chemoradiotherapy
was completed, as previously described.25 The
Kaplan–Meier method using the log-rank test was
used for comparisons between groups at 5 years, and
the Cox proportional hazard regression model was
employed to determine hazard ratio estimates. These
statistical analyses were performed using Stata
version 12.0 (StataCorp LP, College Station, TX,
USA). Inter-rater concordance was assessed using
unweighted Cohen’s κ analysis in R version 3.2.3, for
pairwise comparisons. We used the linear weighted κ
statistic to assess inter-rater concordance across
multiple cut points.

Results

Patient Clinicopathologic Characteristics

This study included 120 women with locally
advanced cervical cancer (International Federation
of Gynecology and Obstetrics stages IB to IVA). The
most common histology was squamous cell carci-
noma (88%, Table 1), and the remainder were adeno-
carcinomas. There were no associations between
PD-L1 expression, as measured with fluorescence
immunohistochemistry and AQUAnalysis, and
clinicopathologic correlates including age at diag-
nosis, tumor size, stage, and node status (Table 1).
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PD-L1 Expression by Fluorescence
Immunohistochemistry

Representative images of PD-L1 staining in control
cells and experimental tissue are shown in Figure 1.
Expression patterns of PD-L1 in tumors ranged from
diffuse (uniform throughout the tumor) to sporadic.
We used HALO image analysis software to determine
the percentage of tumor cells that expressed PD-L1.

Approximately 88% of patient samples were PD-L1-
positive by the ≥1% cutoff for positivity,26–28 and
virtually all patient samples (96% at the40% cutoff,
which represents any positive staining within the
tumor) exhibited some degree of PD-L1 staining.
Using data from the HALO analysis, we stratified our
patient population into groups based on commonly
used cut points for PD-L1 expression29 (Table 2).
The percentage of PD-L1-expressing cells was not

Figure 1 Representative images of fluorescence immunohistochemistry for PD-L1 (programmed death-ligand 1). Samples were stained for
PD-L1, as well as cytokeratin to identify tumor regions. Representative tAQUA (tumor AQUA) scores of low, moderate and high PD-L1-
expressing tumors are indicated. HALO was used to determine the percentage of tumor cells (blue, right column) expressing PD-L1
(yellow outlines, right column).
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associated with progression-free survival or overall
survival (Figures 2a and b). To determine if level of
PD-L1 expression was a prognostic factor, we used
AQUAnalysis21 to quantify PD-L1 expression as a
continuous variable. The tAQUA scores ranged from
1.3 to 163.2 (median= 11.4). Median PD-L1 expres-
sion per tumor area (tAQUA) was not associated
with progression-free survival (Figure 2c) or overall
survival (Figure 2d). Nevertheless, there was a
clear correlation between tAQUA scores and
HALO-computed percent positivity (Supplementary
Figure 1).

The Prognostic Effect of CD8+ T Cells in the Tumor
Environment

The function of PD-L1 expression in tumors as either
a predictive or prognostic biomarker often depends
on the presence of T cells in the tumor micro-
environment.30,31 To determine if the prognostic
value of PD-L1 was affected by the presence of
T cells, we stained separate tissue microarray
sections for the T-cell marker CD8. We scored
individual tissue microarray cores based on the
density of CD8+ cells in the tumor. About 96% of
patient samples contained CD8+ cells (score 40,
Table 3). To assess the combined prognostic value of
PD-L1 expression and the presence of CD8+ cells,
we stratified our patient population based on the
presence of either criterion. There was no difference
in progression-free survival based on CD8 status
(CD8+ cells present (CD8+) or absent (CD8− ) in
tumor samples, Figure 3a), or in PD-L1-expressing
patients who did or did not have intra-tumoral CD8
cells (Figure 3b). There were no differences in
overall survival based on CD8 alone (Figure 3c;
Supplementary Figure 3) or CD8 cells in PD-L1-
expressing tumors (Figure 3d).

PD-L1 Detection with Brightfield
Immunohistochemistry

To evaluate PD-L1 expression using a more clinically
applicable method, we stained tissue microarray
sections for PD-L1 using conventional brightfield
immunohistochemistry, and scoring was performed
independently by two pathologists (MK1 and MK2;
Table 4). The E1L3N antibody was validated for
brightfield immunohistochemistry using the same
IFNγ-treated cell lines, normal tissue, and patient
tumor samples that were used for the fluorescence
validation (Supplementary Figure 2). The antibody
exhibited similar specificity and dynamic range in
brightfield immunohistochemistry as in fluorescence
(Supplementary Figure 2; and Dean et al., manu-
script in preparation). The correlation between
observers’ scores as a continuous variable was
moderately high (Lin’s concordance =0.832, 95%
CI: 0.802–0.863), indicating broad congruency in
their observations. Inter-rater reliability at each cut
point was assessed with Cohen’s κ32 (Table 5). Here,
agreement ranged from moderate when the cut point
was any positive PD-L1+ tumor cells (κ=0.44) to
good at the 10% cut point (κ=0.76). We also assessed
the concordance between individual observers and
the fluorescence analysis performed in HALO. It was
lowest between MK1 and HALO for any positive
cells (κ=0.281) and highest between MK2 and HALO
at the 25% cut point (κ=0.703). To evaluate inter-
rater concordance across the different cut points, we
used the linear weighted κ statistic. Concordance was
only moderate between pathologists, and between
each pathologist and the software analysis (Table 5),
ranging from 0.581 to 0.669.

Table 1 Patient and tumor characteristics

Patients,
n=120

Tumor PD-L1
expression

n % Low High P-value

Age
Median 44 48.6 60 60 0.143a

Range 39–49 51.4

Tumor size (cm)
Median 5.0 48.6 54 54 0.6150a
Range 1.5–10 51.4
⩽ 5 cm 59 49.2 33 26 0.214b

45 cm 50 41.7 22 28
Missing info 11 9.2

FIGO stage
IB 24 20 41 38 0.564b
IIA/B 55 45.8 19 22
IIIA/B 36 30
IVA 5 4.2
Low stage (I/II) 79 65.8
High stage (III/IV) 41 34.2

Histology
SCC 106 88.3 55 51 0.255b

Adeno var. 14 11.7 5 9

Nodal status
Negative 100 83.3 49 51 0.807c
Positive 20 16.7 11 9

Abbreviation: PD-L1, programmed death-ligand 1.
aP-value from Wilcoxon.
bP-value from χ2 test.
cP-value from Fisher’s exact test.

Table 2 Number and proportion of patient samples expressing
PD-L1 as determined by commonly used cut points, n=116

PD-L1+ n %

40 111 95.7
≥1% 102 87.9
≥ 5% 85 73.3
≥ 10% 77 66.4
≥ 25% 65 56.0
≥ 50% 46 39.7

Abbreviation: PD-L1, programmed death-ligand 1.
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Discussion

The PD-L1 protein is of significant clinical value as
a therapeutic target in cancer, and has attracted
considerable interest as both a predictive and
prognostic marker. In this report, we show that PD-
L1 is expressed in the vast majority of pre-treatment
locally advanced cervical cancer specimens, suggest-
ing that anti-PD-1/PD-L1 therapies could be viable
in patients with this malignancy. We also show that,

while PD-L1 expression is not an independent
prognostic factor for progression-free survival or
overall survival, the presence of CD8+ cells within
the tumor microenvironment may provide additional
value to PD-L1 expression and warrants further
study. Finally, we highlight the difficulties in patient
stratification based on PD-L1 staining, especially
with the current lack of consistent guidelines for
staining methods and cut point definitions.

A limited number of recent papers have also
investigated PD-L1 expression in cervical cancer;
along with our current study, we believe these
papers present separate but collectively useful
insights into the biology of checkpoint regulation in
cervical cancer. The work by Scott Rodig’s group15

focused on biopsy specimens, and reported copy-
number gains at the PD-L1 gene locus in squamous
cell carcinomas in their study population. Another
recent publication by Hereen and colleagues33
focused on surgically treated early stage cervical
cancer patients, and found positive PD-L1 staining
(defined as ≥5%) in 33% and 40% of their 2 patient

Figure 2 Prognostic value of tumor PD-L1 (programmed death-ligand 1) expression. Kaplan–Meier plots indicating (a) Progression-free
survival and (b) overall survival of patients stratified by median percent PD-L1-positive cells in tumor samples; (c) progression-free
survival and (d) overall survival of patients stratified by median tAQUA (tumor AQUA) score.

Table 3 Number and proportion of patient samples containing
different densities of intra-tumoral CD8+ cells, n=111

CD8+ Scores n %

40 107 96.4
≥1 98 88.3
≥2 81 73.0
≥3 42 37.8
0 4 3.6
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cohorts. This is lower than the 71% we observed in
this study (Table 2), though the same antibody (clone
E1L3N) was used in both cases. Another report14 that
also focused on biopsy-derived specimens reported
a similarly high positivity rate (80%) to our study.

Notably, the patient population in33 consisted predo-
minantly of early stage disease (60% FIGO stage IB1),
whereas our own study focused on patients with
locally advanced cervical cancer. It is particularly

Figure 3 Prognostic value of tumor PD-L1 (programmed death-ligand 1) expression and CD8-positivity. Kaplan–Meier plots indicating
(a) progression-free survival of patients stratified by absence (CD8 score 0) or presence (CD8 scores 1–3) of CD8+ cells in tumor samples;
(b) progression-free survival of PD-L1-expressing patients, stratified by absence or presence of CD8+ cells; (c) overall survival of patients
stratified by absence or presence of CD8+ cells; (d) overall survival of PD-L1-expressing patients stratified by absence or presence of
CD8+ cells.

Table 4 Number and proportion of patient samples containing
PD-L1-expressing tumor cells as determined by two independent
pathologists (MK1, MK2), n=108

PD-L1+ MK1 (n) MK1 (%) MK2 (n) MK2 (%)

40 100 92.6 89 82.4
≥ 1% 98 90.7 88 81.5
≥ 5% 84 77.8 80 74.1
≥ 10% 73 67.6 69 63.9
≥ 25% 61 56.5 51 47.2
≥ 50% 42 38.9 33 30.6

Abbreviation: PD-L1, programmed death-ligand 1.

Table 5 Inter-rater concordance statistics for PD-L1 detection

PD-L1+

MK1 vs
MK2

MK1 vs
HALO

MK2 vs
HALO

κ n κ n κ n

40 0.443 118 0.281 108 0.429 108
≥1% 0.506 118 0.539 108 0.369 108
≥5% 0.658 118 0.631 108 0.617 108
≥10% 0.764 118 0.603 108 0.676 108
≥25% 0.748 118 0.667 108 0.703 108
≥50% 0.731 118 0.578 108 0.582 108
Weighted (all cut points) 0.669 118 0.581 108 0.610 108

Abbreviation: PD-L1, programmed death-ligand 1.
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important to note that the standard of care differs
significantly between early stage cervical cancer
and locally advanced cervical cancer;2 thus both
studies are complementary, but focus on distinct
patient populations and treatment groups. The
prognostic value of different biomarkers will also
vary with these parameters. It is also possible that
biologic differences exist between locally advanced
vs early stage cervical cancers, which may be
indicative of immune factors related to human
papillomavirus or other molecular effects. Taken
together, the data suggest that the expression of PD-
L1 may vary in cervical cancer as the disease
progresses from early stages to locally advanced
cervical cancer.

A number of recent studies, including our own,
have highlighted the interplay between PD-L1-
expressing tumor cells and immune cells within
their vicinity. Although our study cohort was
relatively small, we noted a distinct trend towards
shorter progression-free survival in patients
with PD-L1 expressing tumors that lacked CD8+
intra-tumoral cells (Figure 3b). Similar results were
observed by Karim and colleagues,34 though neither
study showed any effect of PD-L1 and intra-tumoral
lymphocytes on overall survival. The presence of
tumor-infiltrating lymphocytes is generally consid-
ered a good prognostic factor in many cancer
types;35,36 however, these cells are often ineffective
due to the immunosuppressive environment
deployed by the tumor.37 In tumors with a high
incidence of somatic mutations, such as cervical
cancer,38 there is likely an abundance of tumor
antigens. Recognition of these antigens by T cells
is subsequently hampered by tumor expression of
checkpoint regulators such as PD-L1. The success
of PD-1/PD-L1 blockade in hyper-mutated tumor
types such as lung cancer, bladder cancer, and
melanoma6,7,39 is noted particularly in patients with
both high PD-L1 expression and high densities of
tumor-infiltrating lymphocytes.8,39 Given the robust
expression of PD-L1, the high density of CD8+ cells,
the human papillomavirus-driven antigenic effect
and the high degree of somatic mutations in cervical
cancer, we would predict that this malignancy
would respond well to PD-1/PD-L1 blockade. Addi-
tionally, the influence of human papillomavirus,
PD-L1 and immune resistance has been observed in
other tumor sites.31 Given that human papilloma-
virus infection is sufficient to initiate genomic
instability and malignant transformation in cervical
cancer, it is likely a significant factor in the immune
response in patients with this disease.

The combination of fluorescence and brightfield
immunohistochemistry methodologies allowed for
comprehensive assessment of PD-L1 expression in
this study; nevertheless, there are shortcomings that
could be explored in more detail in future studies.
Our patient population of 120 was too small for
detailed secondary analyses based on stage or histo-
logy. Although PD-L1 expression was only measured

within the cytokeratin-positive tumor region in the
automated analyses, there is a chance that sporadic
non-tumor cells were captured in this region as well.
This difficulty also exists with manual review, such
that definitive identification of such cells may
require further immunohistochemical staining. Sev-
eral recent publications have described progno-
stic and predictive value to PD-L1 expression in
intra-tumoral lymphocytes and macrophages.14,32–34
We have focused instead on PD-L1 expression solely
within tumor cells, reasoning that the role of
expression in immune cells is more complex and
less clearly defined than that of the immuno-
suppressive role of PD-L1 in the tumor. Similarly,
we focused solely on enumeration of CD8+ cells
without further characterization of their phenotype,
based on the literature that associates lymphocyte
infiltration into the tumor with good prognosis in
several cancers.35–37 Nevertheless, it is likely that a
full clinical picture may require greater understand-
ing of the interplay among tumor cells, immune
cells, and the stroma, particularly in the context of
human papillomavirus infection that is ubiquitous in
cervical cancer patients.

The use of both automated and manual scoring
methods in this study highlights certain common
problems associated with manual PD-L1 scoring as
applied in clinical use. The patient stratifications
provided by brightfield and fluorescence immuno-
histochemistry analyses were broadly similar in
identifying PD-L1 expression in a majority of cases;
however, the discordance of brightfield scores
between pathologists was significant. This reflects
both the difficulty in identifying occasionally weak
membrane staining and the variability in quantifica-
tion for low thresholds (any positive, 1%, 5%). The
current FDA-approved immunohistochemistry
tests (28-8 pharmDx and 22C3 pharmDx, both by
Dako; and SP142 by Ventana) all involve membrane
staining of tumor cells at any intensity;38 however,
there are no calibration tools available, nor any
current methodology to reliably determine the
minimum acceptable intensity of staining. The
absence of these assay validation tools, as well as
the inherent heterogeneity of PD-L1 staining40 leads
to significant discrepancies in patient stratification
within and between PD-L1 detection assays.18,39–41
In our study, inter-rater concordance was consis-
tently lowest at the ‘any positive staining’ and 1%
cut points (Table 5), which are currently the most
common for the PD-L1 treatments in the clinic. It is
worth noting that the PD-L1 assays utilized in the
nivolumab and pembrolizumab studies were differ-
ent, and results cannot be directly compared across
studies. Early data from the KEYNOTE-010 trial41
indicates that patients with tumors designated as PD-
L1 weakly positive (PD-L1 1%–49%) may also
benefit from pembrolizumab treatment. Whether
efficacy of anti-PD-L1 therapy varies with PD-L1
tumor expression and whether such a relationship is
applicable to all histologies or biomarker-defined
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sub-groups remains unclear. Ongoing studies in
various other cancers will likely provide additional
insight. Discrepancies also arise from the use of
different antibodies against PD-L1. In this study, we
used clone E1L3N (Cell Signaling), which has been
validated previously.17,18 The sensitivity of fluores-
cence immunohistochemistry, coupled with the use
of cytokeratin as a tumor marker, may allow for more
consistent semi-automated scoring of PD-L1. Nota-
bly, in our study the combination of fluorescence
and automated scoring compared well against the
manual approaches (Table 5). It is important to note
that this work does not constitute a formal compar-
ison of automated and manual scoring of PD-L1;
such a comparison would require, among other
things, a source of truth against which to calibrate
and validate the results of the automated approach.
We instead present the automated approach as a
demonstration of potential, and as an excellent
research tool with which to perform the analyses
represented here. Although fluorescence immuno-
histochemistry is not currently in routine clinical
use, we suggest that the combination of fluorescence
and image analysis software may allow for increased
consistency of performance once calibration stan-
dards and guidelines are documented.

In conclusion, our results suggest that PD-L1 is
expressed in the vast majority of locally advanced
cervical cancer specimens. Although PD-L1 expres-
sion was not an independent prognostic factor for
progression-free survival or overall survival in our
cohort, the analysis of infiltrating immune cells
within the tumor milieu may provide further insights
on progression-free survival outcome, and requires
further exploration. The use of image analysis soft-
ware to score PD-L1 staining may allow greater
consistency than conventional manual scoring, par-
ticularly with low cutoffs for patient stratification.
Finally, the combination of robust PD-L1 expression,
extensive T-cell infiltration, altered immune func-
tion from human papillomavirus effect and/or a high
degree of somatic mutations indicate that cervical
cancers may be excellent candidates for PD-1/PD-L1
blocking immunotherapies.
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