
Expression of Programmed Cell Death-1 (PD-1)
and Its Ligand (PD-L1) in Breast Cancers and Its
Association with Clinicopathological
Parameters
Anoushika Mehan1 Michael Leonard Anthony1 Pranoy Paul1 Anjum Syed2 Nilotpal Chowdhury3

Shalinee Rao3 Nuzhat Hussain4 Bina Ravi5

1Department of Pathology and Laboratory Medicine, AIIMS,
Rishikesh, Uttarakhand, India

2Department of Radiodiagnosis and Integrated Breast Care Centre
(IBCC), AIIMS, Rishikesh, Uttarakhand, India

3Department of Pathology and Laboratory Medicine and Integrated
Breast Care Centre (IBCC), AIIMS, Rishikesh, Uttarakhand, India

4Department of Pathology, Ram Manohar Lohia Institute of Medical
Sciences, Lucknow, Uttar Pradesh, India

J Lab Physicians 2022;14:27–31.

Address for correspondence Shalinee Rao, MD, Department of
Pathology and Laboratory Medicine and Integrated Breast Care Centre
(IBCC), AIIMS, Rishikesh, 249203, Uttarakhand, India
(e-mail: shalineerao@gmail.com).

5Department of Surgery and Integrated Breast Care Centre (IBCC),
AIIMS, Rishikesh, Uttarakhand, India

Keywords

► programmed cell
death 1 ligand 1

► programmed cell
death 1 receptor

► breast carcinoma

Abstract Introduction Cancer immunotherapy targeting the programmed cell death ligand 1
(PD-L1) and programmed cell death-1 (PD-1) axis has revolutionized cancer therapy.
PD-L1 also serves as a predictivemarker for such therapy. To assess the potential of such
therapy in any cancer, the positivity of PD-1 and PD-L1 in such cancers needs to be
assessed. However, such studies for breast cancer are lacking in South Asia. We aimed
to estimate the positivity of PD-L1 and PD-1 receptors in breast cancer and its various
clinicopathological groups in our patient population.
Materials and Methods We studied the immunoexpression of PD-1 and PD-L1 in 103
histologically proven invasive carcinoma breast cases fromOctober 2018 to April 2019.
The percent positivity of PD-1 and PD-L1 with 95% confidence intervals (CI) was
estimated for all the cases as well as groups defined by stage, grade,molecular subtype,
hormone receptor status, Ki-67, and age.
Results PD-1 positivity was seen in 72 (69.9%) cases (95% CI: 60.1–78.6). PD-L1
immunoexpression was seen in 61 (59.2%) cases (95% CI: 49.1–68.8) in immune cells
and in 39 (37.9%) cases (95% CI: 28.5–50.0) in tumor cells. No significant association was
found between PD-1, PD-L1 and age, overall clinical stage, grade, size, estrogen receptor,
progesterone receptor, humanepidermalgrowth factor receptor2, andKi-67.Moderate-to-
high PD-1 and PD-L1 immunopositivity was seen in all subtypes of breast cancer.
Conclusion PD-1 and PD-L1 is expressed in all subgroups of breast carcinoma.
Patients in all such groups are amenable to immunotherapy, provided they are found
suitable otherwise.
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Introduction

During cancer progression, immune responses play a pivotal
role. Inhibition of immune responses favors cancer progression.
Tumor clearance is enhanced through host immune responses
by inhibiting programmed cell death 1 (PD-1) and its ligand
(programmed cell death ligand 1: PD-L1) receptors.1,2 PD-L1
expression has been studied in a variety of cancers1,3,4 with
evidence of correlations to various clinicopathological features.
Immune checkpoint inhibitors have now been U.S. Food and
Drug Administration (FDA) approved in many of these cancers.

Recently, atezolizumab (PD-L1 inhibitor) and Abraxane
chemotherapy as a combination therapy has been approved
for the treatment of patients with PD-L1-positive, unresect-
able locally advanced or metastatic triple-negative breast
cancer.5 It is highly likely that patients having other breast
cancer subtypes may also benefit from such immune check-
point inhibitors. Prior to applying individualized treatment
protocol guidelines, we need to study the prevalence of
expression of immune checkpoint markers in a population
of breast cancer patients to provide guidance about their
potential utility. We also need to establish the level of
expression in breast cancer and its different clinicopatholog-
ical subgroups to have an idea of whether immunotherapy
will be particularly useful in different groups. Therefore, we
have conducted this study to estimate the expression of PD-1
and PD-L1 in breast cancer and its different clinicopatholog-
ical subgroups. To thebest of our knowledge, such a study has
not been performed in South Asia and will additionally
provide local guidance for testing in a South Asian context.

Materials and Methods

This was an observational study done in the Department of
PathologyandLaboratoryMedicine& IntegratedBreastCancer
Center, of our Institute, after obtaining ethical approval from
the Institutional Ethics Committee. One hundred and three
consecutive histopathologically proven needle core biopsies
and mastectomy invasive carcinoma specimens from Octo-
ber 2018 till April 2019 with adequate tissue for further
workupwere included in the study. Clinical detailswere noted
from case files and radiology department. Patients on chemo-
therapy and radiotherapy before biopsy, recurrent tumors,
necrotic cores with no viable tumor cells and incompletely
worked up case were not included in the study.

Hematoxylin and eosin-stained sections of study cases
were observed for lymphocyte load in reference to tumor
tissue present. Four-micron thick paraffin embedded tissue
sections were subjected to immunohistochemistry with
following primary antibodies (prediluted) on positive
charged slides alongwith control showing appropriate stain-
ing. For PD-1, Clone: EP239; Isotype:Monoclonal, Rabbit IgG,
make: Path-in-Situ; and for PD-L1, Clone: SP-263; Isotype:
Monoclonal, Rabbit IgG, make: Ventana were used.

Sections were examined under low power (10� ) and higher
power (20� and 40� ) fields to observe immunoreactivity.
Expression of PD-1 was studied in lymphocytes, while PD-L1
was studied in both tumor cells and immune cells. Immunoex-

pression of PD-1 was considered positive in membrane and
cytoplasm of lymphocytes with a cutoff of at least 1% in lym-
phocytes. For PD-L1, partial or completemembranous staining in
greater than 1% of tumor cells was considered positive for tumor
cells, and cytoplasmic and membranous staining in greater than
1%of immunecellswasconsideredaspositivefor immunecells.A
cutoffof� 1%was consideredpositive for PD-1andPDL-1 inboth
tumor cell membrane and immune cells.

Estrogen receptor (ER), progesterone receptor (PR), human
epidermal growth factor receptor 2 (Her2neu), and Ki-67were
assessed on immunohistochemistry. For ER and PR, tumors
showing greater than 1% positivity were considered positive.
Scoring for Her2neu was done as per American Society of
Clinical Oncology/College of American Pathologists guidelines
2018.6 Molecular surrogate subtyping was done according to
St. Gallen Consensus recommendations of 2013.7 Grading of
tumorwas done using theNottinghamSystem. Clinical tumor,
node, metastasis staging was done based on American Joint
Committee on Cancer, 8th edition 20188 recommendations.

The prevalence of PD1 and PDL1 positivity in the overall
study population and clinicopathological parameters was
assessed as a proportion along with exact 95% confidence
intervals (CIs). The association of the expression with ER, PR,
grade,andstagewasstudiedbytheFisher’sexact test,whilethat
with Ki-67, size, and agewas assessed by theMann–Whitney U
test. Statistical analysis was done using R statistical environ-
ment version 3.5.0.

Results

One hundred and three consecutive breast carcinoma cases
were studied. PD-1 positivity was seen in 72 (69.9%) cases
(95% CI: 60.1–78.6). PD-L1 immunoexpression was seen in 61
(59.2%) cases (95% CI: 49.1–68.8) in immune cells and in 39
(37.9%) cases (95% CI: 28.5–50.0) in tumor cells. PD-L1 tumor
cell positivity showed a statistically significant association
with nodal status, distant metastasis, and ER status when
using unadjusted p-values (►Table 1). PD-1 and PD-L1 posi-
tivity by immune cell positivity was not significantly associat-
ed with any of the variables studied (age, size, node status,
distant metastasis, clinical stage, ER, PR, Her2neu, Ki-67%,
grade, and molecular subtype). PD-1 and PD-L1 by either
staining method showed a moderately high proportion of
positivity in all groups of breast cancer. When adjustment
for multiple comparisons was used by the Holm method, no
variable retained its statistical significance. Therewas a signif-
icant statistical association between PD-1 in immune cells and
PD-L1 in immune cells and in tumor cells (p<0.001 by the
Fisher’s exact test between PD-1 and PD-L1 in immune cells,
p¼0.004 between PD-1 and PD-L1 in tumor cells, p¼0.002
between PD-L1 in immune cells and PD-L1 in tumor
cells).►Fig. 1 gives representative examples of PD-L1 positivi-
ty in immune cells and membranous positivity in tumor cells.

Discussion

All subgroups have moderate expression of PD-1 and PD-L1.
No statistically significant association after adjustment for
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multiple comparisons of either PD-1 or PD-L1 expression (by
both tumor cell and immune cell positivity) was found with
anyspecific typeorgroupof breast cancer. Thisunderlines that
patients of all subgroups may be important candidates for
immunotherapy. Others have found that PD-L1 shows in-
creased expression in triple-negative breast cancers.3 We
feel that this difference may be explained based on either
immunohistochemistry antibody differences or tumor loca-
tion. At the same time, the positivity rate in our study for
triple-negative breast cancers is comparable to similar other
studies.While the efficacy of immune checkpoint inhibitors in
breast cancers has mainly been evaluated just on triple-nega-
tive breast cancers, our results reflect that the potentially
important benefits for immunotherapy may be trialed in all
breast cancer groups and not just the triple-negative patients.

PD-L1 expression in tumor cells, but not immune cells,
does seem to have a mild association with lymph node
positivity, distant metastasis, and ER status. The statistical
significance (by unadjusted p-values) reached in these three
cases was associated with a mild-to-moderate effect size,
supporting claims that PD-L1 may be associated with prog-
nosis. Some studies have found a positive significant associ-
ation of PD-L1 with ER, PR, and Her2 status.9–11 The
statistical significance is however lost when adjusted for
multiple comparisons due to the high number of compar-
isons done due to the exploratory nature of this study. To
draw a robust conclusion about association with prognostic
factors, a follow-up-focused confirmatory study is required.
Nonetheless, there is a relatively high proportion of PD-L1
cases in all subgroups defined by nodal status as well as ER

status to suggest that these factors should not negatively
influence a decision to treat such groups by immunotherapy
provided other eligibility criteria are met.

Evaluation of PD-L1 immunoexpression is challenging due
to lack of specific antibodies for use and their validation in
formalin fixed paraffin embedded tissues in addition to
different cutoff used and evaluation methods in different
tumors depending upon the immune checkpoint inhibitor
approved. To date, no standardized assays for companion
diagnostics have been approved in immunohistochemistry
for breast cancer, except SP-142 assay approved in 2019 for
triple-negative breast cancer for the drug atezolizumab, but
there are other clones that may be potentially useful includ-
ing SP-263, 22C3, and 28–8 belonging to different companies
and having different staining characteristics.9,12

Similar differences appear in defining the area to be exam-
ined for PD-L1 positivity.While tumoral immune cell positivi-
ty bySP-142 clone is avalidmethod as a companiondiagnostic
for atezolizumab in triple-negative breast cancer, there are no
standardized guidelines for the assessment of PD-L1 in other
subtypes of breast cancer. Issues have also been raised about
the lower sensitivity of the SP-142 assay compared with the
other assays, and the difficulty to accurately validate the
immune cell positivity the same assay.13 Hence, we assessed
PD-L1separatelybyboth tumorcell positivityand immunecell
positivity. The assay we used (SP-263) is also more sensitive
compared with the SP-142 assay.13 While we found in this
study that all patients whowere positive for tumor cells were
alsopositive for cells,with a strong associationbetween tumor
cell positivity and tumoral immune cell positivity for PD-L1,
there were some cases of immune cell positivity while being
tumor cell negative. Therefore, in subsequent trials, for im-
mune checkpoint inhibitors, both tumor cell and immune cell
positivity need to be tested for optimal identification of
suitable patients for therapy.

We faced some difficultieswith PD-L1 assessment. Immu-
noexpression of PD-L1 is heterogeneous and thus evaluation
of PD-L1 expression by counting positive cells in hotspots
may be appropriate.14,15 Difficulty was encountered in eval-
uating PD-L1 immunoexpression in cases with PD-L1 posi-
tive tumor cells in a background of necrosis and in caseswith
PD-L1 positivity in tumor cells along with PD-L1 positive
immune cells in background.

This is one of the first studies done in an Indian setting,
and thusmay be useful for setting guidelines for treatment in
this subcontinent. Only a few studies havebeen done on PD-1
and PD-L1 in primary and metastatic breast cancer else-
where in the world.9,16 FDA approval of targeted therapy in
breast cancer has openednewavenue for cancermanagement
in breast by immunotherapy. The relatively high prevalence of
PD-1 and PD-L1 in breast cancer cases supports routine
screening of these biomarkers as this may significantly
improve overall survival and outcome in these patients.

The most significant limitation of this study is that clone
SP-263 was used instead of clone SP-142 that has been
approved in triple-negative breast cancer. However, the
usefulness of SP-142 clone is not given for other types of
breast cancer, especially since the SP-142 clone itself has

Fig. 1 Programmed cell death ligand 1 (PD-L1)–positive immune cells in
the tumoral stroma and infiltrating the tumor at low (A), moderate (B), and
high (C) intensity (magnification�200 forA,B,C). Also, tumors cells having
membranous PD-L1 positivity at low (D), moderate (E), and high (F)
intensity (magnification �400, �200, and �200 for D, E, F).
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been found in lung cancers to have poor reproducibility
compared with the other PD-L1 clones as well as having
lesser sensitivity for detecting tumor cell positivity.17 The
clone SP-263 has a better reproducibility with the other
clones and thus is likely to be a better indicator of “true” or
“consensus” PD-L1 positivity. Whatever the method used to
assess the PD-L1 status in this and other observational
studies, the differences in PD-L1 positivity among the used
PD-L1 clones need to be kept in mind and more than one
clone needs to be studied according to specific reproducible
criteria for reliable treatment. We conclude that PD-1 and
PD-L1 show a moderately high degree of positivity in breast
cancer across all subgroups in our setting in Northern India,
and thus selected patients from all clinicopathological sub-
groups should be eligible for immunotherapy.
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