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Purpose: Tumor expression of programmed death-ligand 1 (PD-L1) is associated with
evasion of immune response in several types of malignancies and such expression may
render patients eligible for PD-L1 inhibitors. The use of immune checkpoint blockade
therapy has been recently approved for the treatment of breast cancer. However, PD-L1
expression data are lacking among Jordanian breast cancer patients. In this study, the tumor
PD-L1 expression was characterized in breast cancer patients to assess their eligibility for
immune checkpoint blockade therapy. The study also aimed to explore the association
between tumoral PD-L1 expression and the clinicopathologic characteristics and the prog-
nostic factors in patients with breast cancer.

Patients and Methods: Tissue samples were available from 153 female patients with
primary invasive breast cancer. Immunohistochemistry was performed on paraffin-embedded
tumor sections that were stained with a PD-L1 antibody. Expression of tumor PD-L1 was
correlated with demographics, clinicopathologic characteristics, and prognosis.

Results: The mean age at diagnosis was 54.2+12.8 years (median 52, interquartile range 45—
65). The percentage of PD-L1-positive tumors was 26.1%. PD-L1 expression on tumor cells
significantly and positively correlated with tumor size (rtho=0.174, p=0.032). PD-L1 positiv-
ity was significantly associated with the grade of carcinoma (p=0.001), HER2-positivity
(p=0.015), and lymphovascular invasion (p=0.036). PD-L1 intensity was significantly asso-
ciated with tumor stage (p=0.046). No significant associations were observed for the PD-L1
expression status or intensity with patient menopausal status, hormone receptor expression,
and molecular subtypes. PD-L1 expression significantly correlated with a worse prognosis of
breast cancer patients at the time of diagnosis (rho=0.230, p=0.005).

Conclusion: Tumor PD-L1 expression was associated with advanced clinicopathologic
features and worse prognosis in this cohort of Jordanian breast cancer patients. Future studies
are needed to better understand the impact of PD-L1 blockade therapy on treatment out-
comes in eligible breast cancer patients in Jordan.
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Introduction

Cancer cells are characterized by their ability to escape the immune response
through multiple tumor-mediated escape mechanisms.'> Tumors evade immune
surveillance through immunoediting that allows the selection of tumor variants
resistant to immune effectors as well as the establishment of an immune-
suppressive status within the tumor microenvironment.'” The evasion of the
immune system by the tumor is mediated by different mechanisms. The utilization
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of immune checkpoints to suppress the cell-mediated
immune response and further establish a status of immune
tolerance is currently identified to be a key immune eva-
sion mechanism in cancer cells.”? Immune checkpoints are
inhibitory immunoreceptors that act mainly to maintain
self-tolerance and avoid overstimulation of immune
response.>* Several immune checkpoints have been iden-
tified in cancers, however, of major importance are the
programmed death-1 (PD-1) and its ligand, programmed
death-ligand 1 (PD-L1).>** The binding of PD-1 to PD-L1
blocks T cell function and activation.>> Under normal
conditions, the activation of the PD-1/PD-L1 pathway
prevents overt immune response and maintains tolerance
to self-antigens.® Nevertheless, tumoral PD-L1 expression
is associated with diminished immune response in the
tumor microenvironment.® PD-L1 is overexpressed on
tumor cells in various solid cancers including lung
cancer,/’ renal cell carcinoma,® glioblastoma,9
melanoma,10 bladder cancer,“ colorectal cancer,12 and
breast cancer.'*'* Although several studies have described
the expression of PD-1 and PD-L1 in breast cancer
patients, substantial discrepancies exist in the expression
rates and the prognostic impact. Noda et al reported sig-
nificantly greater PD-1 mRNA expression in tumor tissues
of breast cancer patients compared to normal tissues.'
Besides, mRNA expression of PD-1 in peripheral blood
was higher in breast cancer patients compared to healthy
individuals. In term of prognostic impact, poor overall
survival (OS) was associated with reduced PD-1 mRNA
expression in tumor tissue as well as increased PD-1
expression in peripheral blood of breast cancer patients.'”
Nevertheless, in another study, no difference was shown
for the levels of PD-1-positive T cells in the peripheral
blood of breast cancer patients among different disease
stages or molecular subtypes compared to the healthy
controls.'® The rate of PD-1-positive tumor-infiltrating
lymphocytes was reported in 104 out of 660 breast cancer
cases (15.8%)."” PD-1 positivity was associated with
tumor size, grade, lymph node status, and worse OS in
the luminal B and the basal-like subtypes.'” Similarly,
Vidula et al revealed that PD-1 expression was higher in
human epidermal growth factor receptor 2 (HER2)-
positive and triple-negative breast cancer (TNBC) mole-
cular subtypes and was further associated with advanced

18

tumor grade and pathologic complete response.

Alternatively, a recent study showed that PD-1 protein
expression was associated with improved OS in a cohort
of 564 patients with early breast cancer.'” The expression

of PD-L1 in breast tumors has been largely associated with
unfavorable clinicopathologic features. In a systematic
analysis of 47 studies by Huang et al, PD-L1 positivity
was associated with large tumor size, high grade tumors,
high Ki-67, and triple-negative subtype in patients with
primary breast cancer.”” Muenst et al showed that PD-L1
was expressed in 152 of the 650 breast cancer tissues
investigated (23.4%).”' The expression was significantly
associated with the age of patients, tumor size and grade,
lymph node status, estrogen receptor (ER)-negative status,
and high Ki-67 expression.”’ However, the prognostic and/
or predictive impact for the expression of PD-L1 in breast
PD-L1
factor

cancer lacks COHSGHSUS.22 expression was

with
a significantly worse OS in patients with luminal B,

a negative  prognostic associated
HER2-positive, and basal-like molecular subtypes.?!
However, in other studies, PD-L1 expression was asso-
ciated with improved therapeutic outcomes and prognosis
in patients with breast cancer.”* ¢

Immune checkpoint inhibitors are a breakthrough in
cancer therapy.”’ Immune checkpoint blockade with anti-
PD-1/PD-L1 antibodies has been approved for the treat-
ment of different types of cancers.® In 2019, the United
States Food and Drug Administration (US FDA) approved
atezolizumab (a PD-L1 inhibitor) in combination with
protein-bound paclitaxel for the treatment of TNBC
patients with an unresectable locally advanced or meta-
static disease whose cells express PD-L1 as determined by
an FDA-approved test.*® Additionally, the PD-1 inhibitor,
pembrolizumab, was recently approved for the treatment
of patients with locally recurrent unresectable or meta-
static TNBC in combination with chemotherapeutic agents
such as paclitaxel protein-bound, paclitaxel, or gemcita-
bine plus carboplatin.*’ The introduction of these drugs to
the treatment plans of breast cancer requires the evaluation
of the expression of the immune checkpoints by cancer
cells and the understanding of the immunogenicity of
breast cancer in a specific population. Thus, the assess-
ment of the PD-L1 expression status among Jordanian
patients would be necessary to understand their eligibility
for immune checkpoint inhibitors. Such expression data
are lacking among Jordanian patients. In this study, we
aimed to investigate the expression of PD-L1 in a cohort
of Jordanian breast cancer patients. Also, to explore asso-
ciation between the expression of PD-L1 and the clinico-
pathologic characteristics and the prognostic factors
among this cohort.
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Materials and Methods

Patients and Tumor Samples

One hundred and fifty-three adult female patients (n=153)
with a histologically confirmed diagnosis of primary inva-
sive breast cancer were obtained from the archives of King
Abdullah University Hospital (KAUH) through the period
of 2014-2020. Patients who received neoadjuvant therapy
were not included in this study. All patients were discussed
in a dedicated tumor board before the commencement of
treatment. Loco-regional control was achieved either by
a modified radical mastectomy or conservation breast sur-
gery with radiotherapy. Further chemotherapy, hormonal
treatment, and/or targeted treatment were individualized
according to receptor status and tumor board recommen-
dations. The electronic database at KAUH was used to
retrieve the demographic and anthropometric data of
patients. According to the World Health Organization
(WHO), body mass index (BMI) was calculated as the
weight in kilograms divided by the square of the height
in meters, and patients were classified as underweight,
normal, overweight, and obese, based on the WHO classi-
fication system.*’

Relevant tumor data were obtained from pathology
reports issued by the Pathology Department for eligible
patients at the time of diagnosis of breast cancer.
Pathological data included the size of the tumor, histo-
pathologic type, ipsilateral axillary lymph node status,
the status of lymphovascular invasion (LVI), and the
expression status of receptors (ER, progesterone receptor
(PR), and HER2). The tumor-node-metastasis (TNM)
stage was determined according to the American Joint
Committee on Cancer,”’ and the tumor grade was indi-
cated based on the Nottingham Combined Histologic
Grade system.>? Breast tumors were classified into a low
grade (grade I), intermediate grade (grade II), and high
grade (grade III) carcinomas. For HER2, negative expres-
sion was indicated by an immunohistochemistry (IHC)
score of 0 or +1 whereas HER2 overexpression was deter-
mined by a score of +3. Fluorescence in situ hybridization
analysis was used for equivocal results (score of +2 by
IHC), and gene amplification was considered positive for
HER2 overexpression. Four molecular subtypes of breast
cancer were determined based on the expression of
receptors,”> these are luminal A (ER+ and/or PR+,
HER2-), luminal B (ER+ and/or PR+, HER2+), HER2-
enriched (ER—, PR—, HER2+), and triple-negative (ER—,
PR-, HER2-).

Table | Prognostic Score for Breast Cancer Patients

Prognostic | Points Impact on Prognosis
Factor
Age (years) Patients younger than 35 years of age
535 0 present with more aggressive tumors and
J a worse prognosis
<35 |
Tumor size® Larger tumor size is associated with
a reduced survival rate
Tl 0
T2 |
T3 2
Lymph nodes The presence of positive lymph nodes
] highly influences the likelihood of
Negative 0
. recurrence
Positive |
Tumor grade Increased tumor grade is associated with
| 0 higher rates of distant metastasis and
I | poorer survival
1] 2
LvI LVl is a poor prognostic factor
N 0 representing the ability of the cancer cells
ot
o to spread via hematogenous routes
identified
Identified |
ER Expression of hormone receptors is
N associated with higher response to
Positive 0 . )
) endocrine therapy and a longer disease-
Negative | .
free survival
PR Expression of hormone receptors is
N associated with higher response to
Positive 0 . I
) endocrine therapy and a longer disease-
Negative | )
free survival
HER2 Overexpression of HER2 is associated
] with increased tumor aggressiveness,
Negative 0 .
. recurrence rates, and mortality rates
Positive |

Notes: The table has been adapted with the publisher’s permission from Ayoub
NM, Yaghan R}, Abdo NM, Matalka ll, Akhu-Zaheya LM, Al-Mohtaseb AH. Impact of
Obesity on Clinicopathologic Characteristics and Disease Prognosis in Pre- and
Postmenopausal Breast Cancer Patients: A Retrospective Institutional Study. | Obes.
2019;2019:3820759.3% TPatients with T4 tumors were excluded from prognostic
score calculations.

Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor
receptor 2; LVI, lymphovascular invasion; PR, progesterone receptor.

Prognostic Factors and Prognostic Score
A prognostic score was generated for each breast cancer
patient by considering 8 prognostic factors based on the
paper by Cianfrocca and Goldstein.* Patient and tumor
characteristics at diagnosis were included such as the age
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of the patient, primary tumor size, tumor grade, lymph
node status, the status of LVI, and the expression status
of hormone receptors and HER2.*> Each patient was given
a score value for each of the prognostic factors and a final
score was generated by summing the scores for all factors
(Table 1). The prognostic score ranges from 0 to 10, at
which higher scores imply a worse prognosis.>”

Immunohistochemistry

Formalin-fixed, paraffin-embedded tumor tissues were
obtained from the Pathology Department, and IHC was
performed on sections that were cut at a thickness of 3 pm.
For the detection of PD-L1 (an immune checkpoint), the
sections were heated for 1 hr using an oven at 62°C and
were let to cool down at room temperature. Afterward, the
staining procedure was performed using the Ventana
BenchMark ULTRA IHC/ISH fully automated staining
system,*® followed by the standard immunohistochemical
staining procedures of the Pathology laboratory. The pri-
mary PD-L1 antibody was added per manufacturer recom-
mendations and the incubation time was 80 minutes
(Clone 22C3, Dako, USA). Positive control slides were
composed of tonsil tissue and negative controls were
applied by replacing the primary antibody with a buffer.
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Figure | Immunohistochemistry staining for PD-LI in breast cancer tissues.

Evaluation of Immunostaining

Two independent pathologists (RM and SA) evaluated
immunostaining and were blind to patient demographic
and pathologic data. Discrepancies were resolved by joint
discussion. PD-L1 immunostaining was evaluated by scan-
ning the whole tumor section by the pathologists who
provided a percentage of PD-L1 tumor cell positivity
along with the intensity of staining. PD-L1 staining inten-
sity was scored as negative, mild, moderate, or strong
staining intensity. To assess positive versus negative
expression of PD-L1 in the tumor tissue, a cut-off point
value of 1% was considered for this analysis based on the
percentage of PD-L1 positive cells.”’ All evaluations were
performed avoiding areas with necrosis, folded tissue,
suboptimal  preservation, and technical artifacts.
Representative images of tumor PD-L1 staining are

shown in Figure 1.

Statistical Analysis

The IBM SPSS statistical package was used to perform
data analysis (IBM Corp. Version 26.0. Armonk, NY,
USA). Continuous variables are presented as the mean +
standard deviation (SD) or the median and interquartile
range (IQR). Categorical variables were displayed as

Notes: Representative images for (A) negative; (B) mild; (C) moderate; and (D) strong staining for PD-LI in tumor cells. [Magnification at 400x].

Abbreviation: PD-LI, programmed death-ligand 1.
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frequency and percentages (n, %). For group comparisons,
the Mann—Whitney U-test and the Kruskal-Wallis analysis
of variance were applied to compare two and multiple
independent groups, respectively. Pearson’s chi-square
test of independence was used to assess associations
between categorical variables and Spearman correlation
test was applied to assess correlations between continuous
variables. All p-values were two-sided and were statisti-
cally significant at p<0.05.

Dichotomizing of some study variables was considered
ahead of performing statistical analysis to avoid a small
sample size upon further data analysis.>” Hence, the tumor
stage was divided into early (I/II) and advanced (III/IV)
and the grade was grouped into grades (I/II) and grade (III)
breast cancer. The selection of these categories for vari-
ables was based on previously published cut points in the

literature. 3>’

Results
Demographic and Tumor Characteristics

of Breast Cancer Patients

The demographic and tumor characteristics of patients are
shown in Table 2. The mean age at diagnosis was 54.2
+12.8 years, ranging from 29 to 84 (median 52, IQR 45—
65). The average BMI at diagnosis was 30.5+5.9 kg/m?,
ranging from 16.8 to 46.9 (median 30.1, IQR 26.2-34) and
approximately half of patients (53.4%) were obese.
A positive family history of breast cancer in first-degree
relatives was reported in 25.2% of patients. Sixty-four
patients (48.1%) were premenopausal and 69 (51.9%)
were postmenopausal.

The average tumor size was 4.1+2.4 cm ranging from 1
to 20 (median 3.5, IQR 2.6-4.9). The mean number of
involved lymph nodes was 5.64+7.8 ranging from 0 to 38
(median 2, IQR 0-7). Stage II disease was indicated in
43.4% of patients and 51.3% of them had grade II carci-
noma. Invasive ductal carcinoma was the most commonly
reported histopathologic type (73.9%) and luminal A was
the most frequent molecular subtype (69.5%). Other
demographic and tumor characteristics are shown in
Table 2.

Expression of PD-L| in Breast Cancer
Tissues

The percentage of PD-L1-positive tumors and the staining
intensity are shown in Table 3. The percentage of PD-L1-
positive tumors was 26.1%. Only five patients (3.3%) had

Table 2 Demographic and Tumor Characteristics of Breast
Cancer Patients

Breast Cancer: Targets and Therapy 2021:13

Characteristics n (%)
Age, years

18-39 18 (11.8)

40-59 80 (52.6)

260 54 (35.5)
BMIt

Underweight 32.0)

Normal weight 22 (15.1)

Overweight 43 (29.5)

Obese 78 (534)
Marital status

Single 9 (6.1)

Married 135 (91.8)

Widowed | (0.7)

Divorced 2 (1.4)
Family history of breast cancer in first-degree relatives

Present 37 (25.2)

Absent 110 (74.8)
Menopausal status

Premenopausal 64 (48.1)

Postmenopausal 69 (51.9)
Site

Right 64 (41.8)

Left 89 (58.2)
Tumor size

TI 17 (11.1)

T2 97 (63.4)

T3 31 (20.3)

T4 8(5.2)
Lymph node status

NO 42 (27.6)

NI 45 (29.6)

N2 35 (23)

N3 30 (19.7)
TNM stage

[ 7 (4.6)

Il 66 (43.4)

11l 53 (34.9)

v 26 (17.1)
Grade

| 17 (11.2)

Il 78 (51.3)

11l 57 (37.5)
Histologic type

Invasive ductal carcinoma 113 (73.9)

Invasive lobular carcinoma 10 (6.5)

(Continued)
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Table 2 (Continued).

Characteristics n (%)
Mixed 20 (13.1)
Other 10 (6.5)

ER
Positive 134 (88.7)
Negative 17 (11.3)

PR
Positive 125 (81.7)
Negative 28 (18.3)

HER2
Positive 36 (25.5)
Negative 105 (74.5)

LvI
Identified 74 (49.7)
Not identified 75 (50.3)

Molecular subtype
Luminal A 98 (69.5)
Luminal B 29 (20.6)
HER2-enriched 7 (5.0
Triple-negative 7 (5.0

Surgery
Mastectomy 139 (90.8)
Wide local excision 12 (7.8)
Breast conservation 2 (1.3)

Chemotherapy 106 (84.8)

Notes: TPatients were classified based on the World Health Organization (WHO)
system for classification of obesity into underweight (BMI<18.5 kg/m?), normal (BMI
18.5-24.99 kg/m?), overweight (BMI 25.0-29.99 kg/m?), and obese (BMI=30.0 kg/
mz). Other histologic types included medullary, metaplastic, mucinous, and neu-
roendocrine carcinoma.

Abbreviations: BMI, body mass index; ER, estrogen receptor; HER2, human
epidermal growth factor receptor 2; LVI, lymphovascular invasion; PR, progesterone
receptor.

PD-L1 percentage positivity of 40% or greater. PD-L1
staining intensity was mild in 18 patients (11.8%), moder-
ate in 19 patients (12.4%), and strong in 6 patients (3.9%)
(Table 3). When the data were stratified based on the
molecular subtype, the percentage of PD-L1-positive
staining was 21.4% in luminal A, 37.9% in luminal B,
57.1% in HER2-enriched, and 14.3% in triple-negative
tumors. The percentage of PD-LI-positive tumor cells
was not significantly different among the molecular sub-
types (p=0.111, Kruskal-Wallis test).

The percentage of PD-LI1-positive tumor cells signifi-
cantly and positively correlated with primary tumor size in
breast cancer patients (rtho=0.174, p=0.032, Table 4). No
significant correlation was observed between PD-L1

Table 3 PD-LI Expression in Tumor Tissues of Breast Cancer

Patients
PD-L1 Characteristics n (%)
PD-LI expression status
Positive 40 (26.1)
Negative 113 (73.9)
Percentage of PD-LI-positive cells
<1% 113 (73.9)
1-9% 25 (16.3)
10-39% 10 (6.5)
240% 5@3.3)
Staining intensity of PD-LI-positive cells
Negative 110 (71.9)
Mild 18 (11.8)
Moderate 19 (12.4)
Strong 6 (3.9

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

expression and age of the patient at diagnosis, BMI, and
the number of lymph nodes with detectable tumor cells
(Table 4).

Association of PD-L| Expression with
Demographic and Tumor Characteristics
of Breast Cancer Patients

PD-L1 positivity was significantly associated with the
grade of carcinoma (p=0.001) (Table 5). PD-L1 was
more positive in grade III (60.0%) compared to grade
(40.0%). PD-L1-positive
expression was significantly associated with both
HER2-positivity and LVI (p=0.015 and p=0.036,
respectively). Additionally, PD-L1 staining intensity

/Il tumors Furthermore,

was significantly associated with tumor grade and

Table 4 Correlation of PD-LI-Positive Tumor Cells with
Demographic and Tumor Characteristics of Breast Cancer

Patients
Parameter Percentage of PD-LI-Positive
Tumor Cells

Rho p value
Age, years —-0.110 0.177
BMI, kg/m? —0.063 0.451
Tumor size, cm 0.174 0.032*
Number of lymph nodes 0.101 0.216

Notes: rho, Spearman correlation coefficient. *Indicates statistical significance at
*p<0.05.
Abbreviations: BMI, body mass index; PD-LI, programmed death-ligand .
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PD-L1 status

Figure 2 Prognostic scores in breast cancer patients based on PD-LI expression.

PD-L1 intensity

Notes: Prognostic scores according to (A) PD-LI| expression status and (B) PD-LI staining intensity. Boxplots represent median prognostic scores. The bottom and top
lines of the boxes represent the 25th and the 75th percentiles, respectively, and the bars represent the minimum and maximum values. *Indicates statistical significance at

p<0.05 according to Mann—Whitney U-test and Kruskal-Wallis test.
Abbreviation: PD-LI, programmed death-ligand 1.

stage (p<0.001 and p=0.046, respectively). In this
regard, all patients who had strong PD-LI1 staining
intensity had grade III tumors and the majority
(83.3%) had advanced-stage disease. No significant
associations were observed for the PD-L1 expression
status and intensity with the menopausal status of
patients, the expression status of hormone receptors,
and molecular subtypes (Table 5).

Impact of Tumoral PD-LI Expression on

Prognosis of Breast Cancer Patients

A prognostic score was generated for each patient using 8
prognostic factors. The mean prognostic score for breast
cancer patients in this study was 4.1£1.8, ranging from 0
to 10 (median 4, IQR 3-5). A significant positive correla-
tion was found between the prognostic score and the
percentage of PD-LI-positive tumor cells (rho=0.230,
p=0.005). The median prognostic score was significantly
different based on PD-L1 expression status (p=0.039)
(Figure 2A). Patients with PD-L1-positive status had
a significantly higher median of prognostic scores com-
pared to patients with PD-L1-negative expression. Further,
Kruskal-Wallis analysis revealed a significant difference
in prognostic score among the PD-L1 staining intensity
groups (p=0.039, Figure 2B). Patients with strong PD-L1
staining intensity had a significantly higher prognostic
score median compared to patients with negative staining.

Discussion

Breast cancer is the most common carcinoma among
Jordanian females and the incidence of the disease is
increasing annually.®® Recently, immune checkpoint inhi-
bitors have been approved for several types of solid can-
cers and their indications are constantly expanding. Thus,
the understanding of the expression landscape of target
immune checkpoints is essential to delineate the status of
antitumor immunity and further explore the eligibility of
breast cancer patients for immunotherapy in Jordan. The
fact that Jordanian patients with breast cancer have some
different demographic characteristics compared to Western
populations adds to the significance of studying such
cohort of patients. These demographic characteristics are
well demonstrated in our results and include: a younger
mean age at diagnosis (54.2+12.8 years), a high percen-
tage of positive family history of breast cancer in first-
degree relatives (probably a reflection of the popularity of
consanguineous marriage), and a high percentage of pre-
menopausal breast cancer cases (48.1%).

PD-L1 is the main ligand of PD-1 that is constitutively
expressed in myeloid, lymphoid, and normal epithelial
cells.* The binding of PD-1 to PD-L1 leads to the phos-
phorylation of the cytoplasmic region of PD-1 and the
subsequent recruitment of phosphatases and downstream
proteins such as spleen tyrosine kinase and phosphatidyli-
nositol 3-kinase.® Collectively, the activation of the PD-1/
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Table 6 A Selected List for Studies Describing PD-LI Expression in Tumor Tissues of Female Breast Cancer Patients

Reference Number Number of Patients Assay Applied Percentage of PD-LI Positivity Country/Population
[13] 192 TMA/IHC 56.6% Brazil

[14] 245 TMA/IHC 12% USA

[21] 650 TMA/IHC 23.4% Switzerland

[43] 45 Whole tissue/IHC 20% Greece

[44] 870 Moffitt tissue core/IHC 21.7% China

[47] 1003 TMA/IHC 32.8% Middle East

[48] 246 TMA/IHC 20.2% Netherlands

[52] 136 Whole tissue/IHC 33.1% China

Current study 153 Whole tissue/IHC 26.1% Jordan

Abbreviations: IHC, immunohistochemistry; PD-LI, programmed death-ligand |; TMA, tissue microarray.

PD-L1 pathway inhibits cytokine production and nega-
tively regulates the immune function by inhibiting the
activation and proliferation of T lymphocytes.>*® In the
tumor microenvironment, the expression of PD-L1 on
tumor cells promotes tumor cell immune evasion by deli-
vering inhibitory signals to maintain immune tolerance.®*°
The expression of PD-L1 has been reported in breast
cancer but not in normal breast tissue.*' Lou et al indicated
that PD-L1 was expressed in samples of invasive ductal
breast carcinoma but not the adjacent normal breast
tissue.*? In this study, we demonstrated a relatively low
frequency of PD-L1 expression in Jordanian female breast
cancer patients (26.1%). Other studies showed a similar
rate of PD-L1 positivity in patients with primary invasive
breast cancer.***** Alternatively, Ali et al showed that PD-
L1 expression was detectable in 1.7% of breast tumor cells
and was mostly expressed in basal-like tumors.*> In
another study, only 4.1% of the invasive ductal carcinomas
were PD-L1-positive.*® PD-L1 expression was higher in
Middle Eastern and Brazilian breast cancer patients with
of 32.8% and 56.6%
respectively.!>*” PD-L1 expression rates vary widely as

expression rates of cases,
no standardized method for scoring is available in the
meantime. Additionally, the differences in the cut-off
values for PD-L1 positivity in clinical studies (1% vs
5%) and the multiple primary antibodies available for
staining are potential reasons for the variability in the
of PD-LI different

studies.”>***’ This discrepancy calls for the need to stan-

rates expression among the
dardize staining and scoring methods to better understand
and analyze the PD-L1 expression data among the differ-
ent populations of breast cancer patients.** Other potential
causes for the discrepancies in the expression of PD-L1
can be explained by the variable populations of breast

cancer patients examined, their varied demographics, and

clinical characteristics. Table 6 summarizes findings from
selected studies regarding the expression of PD-LI in
tumor tissues of female breast cancer patients.

An increasing number of clinical studies demonstrated
the association of PD-L1 tumor expression with poor
prognostic features and high-risk clinicopathological para-
meters in breast cancer patients. In this study, PD-LI
expression on tumor cells positively correlated with
tumor size. Additionally, PD-L1-positivity was associated
with grade III tumors, HER2-positivity, and LVI. These
findings agree with several previous studies that have
reported correlations between PD-L1 and unfavorable clin-
icopathological features, including larger tumor size,
advanced grade, positive lymph nodes, LVI, and hormone
receptor negativity.'#?%2¢4*5% In a study by Hou et al,
tumoral PD-L1 expression was reported in 17% of HER2-
positive breast cancers analyzed and was positively asso-
ciated with high tumor grade.’' In another study, an ana-
lysis of 126 patients with HER2-positive breast cancer
indicated that 17.5% of patients were PD-LI positive.”
PD-L1 expression was associated with response in patients
who received neoadjuvant chemotherapy with the anti-
HER?2 drug trastuzumab. In agreement, Hou et al indicated
that PD-L1 expression correlated with better outcomes in
patients with invasive HER2-positive tumors who are
treated with a combination of chemotherapy and HER2-
targeted therapy.?* Other studies showed that intratumoral
PD-L1 expression was significantly associated with the
expression of hormone receptors and Ki-67.%? In
a study by Qin et al, factors that were more likely asso-
ciated with high PD-L1 expression in Chinese breast can-
cer patients included age younger than 35 years, advanced
stage, larger tumor size, and LVL* In line with this,
Parvathareddy et al showed that PD-L1 expression was
associated with younger age, advanced grade, hormone
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receptors negativity, and triple-negative subtype in Middle
Eastern breast cancer patients.*’

Considering the heterogeneous nature of breast cancer,
PD-L1 expression may vary among the different molecular
subtypes. Both HER2-enriched and triple-negative mole-
cular subtypes are known for their high mutational burden
and are considered more immunogenic than Iuminal
tumors.>® Previous studies demonstrated higher PD-L1
expression in HER2-enriched and TNBC compared to
the luminal subtype.”®>*>* In our study, 90.1% of the
tumors were of the luminal subtype which could explain
the low rate of PD-L1 expression in the entire sample
examined. However, the rate of PD-L1 positivity was
highest in HER2-enriched tumors compared to other sub-
types in our study. In contrast to these findings, Tsang et al
showed that the expression rate of PD-L1 was highest in
the luminal A subtype (34.1%) and lowest in TNBC
(8.3%) among 1091 primary invasive breast cancers, and
these differences were statistically  significant.”
Furthermore, our results revealed a lack of association
between PD-L1 expression and the molecular subtype of
breast cancer. Such finding could be due to the relatively
small sample size and reduced prevalence of non-luminal
breast tumors in our study.

In this study, PD-L1 expression was adversely asso-
ciated with prognostic features of breast cancer patients.
Nevertheless, the impact of tumor PD-L1 expression on
prognosis and survival of breast cancer patients generated
conflicting results in the literature. While some studies
described an association between PD-L1 expression and
worse survival, others observed improved survival in PD-
L1 positive cases. In a meta-analysis involving 2061
patients, Guo et al reported that positive PD-L1 expression
was a negative predictor for breast cancer as indicated by
increased mortality risk and adverse clinicopathologic
features.”® Moreover, PD-L1 positivity was associated
with poor disease-free survival (DFS) and OS compared
with PD-L1-negative expression.”*** Alternatively, other
studies indicated improved survival and outcomes in
patients with basal-like and TNBC with positive PD-L1
expression.”>?® Recently, Kim et al showed that intratu-
moral PD-L1 expression was associated with better DFS
and favorable outcomes in TNBC patients.”* Besides, PD-
L1 positivity was associated with longer DFS and OS
compared with PD-L1-negative expression in a cohort of
Chinese TNBC pa‘tients.5 7 Other studies, however, did not
demonstrate a correlation between tumor PD-L1 expres-

sion and survival of breast cancer patients. ">

The PD-1/PD-L1 pathway had emerged as a promising
target for cancer therapy at which high-affinity anti-PD-1
or anti-PD-L1 monoclonal antibodies can reverse the
immune tolerance and restore the activation and prolifera-
tion of the T cell response.” The expression of PD-L1 on
tumor cells has been used clinically to identify patients
who are potential candidates for immunotherapy. In this
regard, US FDA had approved atezolizumab, a PD-LI
inhibitor, in combination with chemotherapy for patients
with metastatic TNBC who express PD-L1 on their tumor
cells (>1%).% Nevertheless, increasing evidence indicates
that clinical benefit can be also achieved in cancer
patients with negative tumor PD-L1 expression. In
a meta-analysis by Shen and Zhao, data from 4174
patients with advanced or metastatic cancers from eight
randomized controlled trials revealed that both PD-L1-
positive and PD-L1-negative patients responded to PD-L1
inhibitors and had significantly prolonged OS compared
to conventional therapy.®® Similarly, a recent analysis by
Liu et al demonstrated the efficacy of PD-1/PD-L1 inhi-
bitors in both PD-L1-positive and PD-L1-negative breast
cancer patients in terms of improving OS compared to
controls.®! Collectively, these findings brought into ques-
tion the value of PD-L1 expression status as the sole
determinant for patients who are eligible to PD-L1 block-
ade therapy.®’

This study has some limitations. First, the patient data
was collected retrospectively. Second, the low number of
breast tumors that correspond with the HER2-enriched and
triple-negative tumors had hindered further analysis based
on molecular subtype along with the potential to reveal
associations with PD-L1 expression, if any. Third, the lack
of recurrence and survival data was another limitation in
this study. However, the major strengths of this study are
the homogeneity of the population studied and the THC
assessment of whole tumor sections. Taking into consid-
eration the substantial intratumoral heterogeneity in PD-L1

1448 we used entire tumor sections from

expression,
patients’ archival blocks to examine the expression of PD-
L1 in the whole tumor area to overcome the potential bias

in scoring core biopsies.

Conclusion

The use of PD-1/PD-L1 checkpoint blockade therapy
requires the understanding of the tumor microenviron-
ment to identify patients who would potentially benefit
from such therapy. To the best of our knowledge, this is
the first study to characterize PD-L1 expression in female
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breast cancer patients in Jordan, which can be a model for
the Arabian Middle East countries, since these countries
share specific demographic characteristics. In this obser-
vational study, PD-L1 positivity correlated with unfavor-
able pathologic features and inferior prognosis in this
of
Nevertheless, the expression of tumoral PD-L1 expres-

sample Jordanian  breast cancer patients.

sion was not different among the molecular subtypes, in
part, because of the under presentation of the HER2-
and basal-like this
Collectively, our findings call for future studies on

enriched tumors in cohort.
a larger number of breast cancer patients to better assess
the value of immunotherapeutic agents in treatment regi-
mens for Jordanian breast cancer patients and to evaluate
the impact of PD-1/PD-L1 inhibitors on treatment out-

comes in eligible patients.
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