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Abstract

The study aims to summarize the literature and explore the
strength of evidence for PD-L1 expression difference in basal like
TNBC and non-basal like TNBC, and association of PD-L1
expression with disease free survival and overall survival in each
group. A systematic search of the original research literature
through November 29", 2020, reported according to PRISMA
guideline. Eligible studies investigated must have a primary out-
come and at least one secondary outcome. Two reviewers inde-
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pendently searched, selected, and assessed quality of studies and
risk of bias. Any discrepancies will be resolved by consensus or by
consulting a third and fourth author. A total of 6813 articles were
screened from which five articles were selected and assessed for
quality of studies and risk of bias. Of 5 articles, no similar findings
are found regarding the level of PD-L1 expression and its correla-
tion with recurrence and overall survival. There is not enough sub-
stantial evidence to support the difference PD-L1 protein expres-
sion level in basal and non-basal like TNBC and its association
with recurrence and overall survival. Hence, further studies are
needed specifically to focus on this problem.

Introduction

Breast cancer (BC) is known as a heterogeneous disease. BC is

classified into five different groups based on gene expression pro-
filing: luminal A and B, Her-2 positive, normal breast-like-
tumors, and basal-like breast cancer (BLBC).!"2 Each breast can-
cer subtype displays significant differences in incidence, age at
diagnosis, stage, biological behaviour, and prognosis.>
Nowadays, basal-like breast cancer subtype is more commonly
known as triple negative breast cancer (TNBC) in view of the fact
that most BLBC lack of estrogen receptor (ER), progesterone
receptor (PR) and Her2-Neu receptor.* The incidence rate of
TNBC is only 15-20% of all BC. However, due to highly aggres-
sive behaviour, high incidence of recurrence and metastasis, and
no response to hormonal or targeted therapy, it is categorized as
the worst prognosis BC subtype.’
Triple negative breast cancer (TNBC) itself is a highly variable
disease. Molecular and gene expression profile of TNBC is being
researched extensively to get a full comprehension of TNBC pro-
file, understand the biological profile and clinical characteristics,
and develop a personalized treatment.

Discordance is found when TNBC is referred as basal-like breast
cancer (BLBC), because not all TNBC are basal-like TNBC
(based on first-generation cDNA microarrays only 75-80% of
TNBC are basal-like, 15-20% of TNBC is non-basal like).> The
basal-like subtype is derived from the basal layer of breast epithe-
lial cells, which is positive for basal myoepithelial markers such
as either EGFR, CK 5/6, CK14, or P-cadherin.®
A study by Lehmann et al., (2011) further classified TNBC based
on gene expression profile into six subtypes: basal like-1 (BL-1),
basal like-2 (BL-2), immunomodulatory (IM), mesenchymal (M),
mesenchymal stem-like (MSL), dan luminal androgen receptor
(LAR). Prat et al. (2013) showed us that basal and non-basal-like
classification is the main biological difference seen in patients
with TNBC, despite the diversity of TNBC.”
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Microarray-based gene profiling techniques are distinctly sophis-
ticated, highly cost and only available in research center. Thus, it
is rarely used in clinical practice. IHC assay, on the other hand, is
more accessible and relatively has lower cost.®
Immunotherapy has been a new promising treatment strategy for
several solid tumors such as lung cancer and melanoma, but with
limited breast usage because BC is considered less immunogenic.
Nevertheless, TNBC is considered more immunogenic than other
BC subtype, with higher TILs and high PD-L1 expression within
the tumor than another BC subtype. Tumor-infiltrating lympho-
cytes (TILs) are lymphocytic cell population cells that infiltrate
tumor tissue and have been described in many malignancies
including BC.? The high level of mutations in TNBC, hence higher
level of tumor neoantigens within TNBC will activate neoantigen-
specific T cells to act as antitumor makes TNBC more immuno-
genic than other BC subtype.!0:11:

Immune-checkpoint inhibitors (ICI) is currently a new hope for
TNBC treatment, although monotherapy administration shows low
efficacy, with response rates only 5-23% in treatment naive PD-
L1-positive patients.!13:

ICT usage needs more research in clinical trial format, reinforced
with strong preclinical and translational research to improve
patient clinical response.®

In the heterogeneity of TNBC, classification and identification
of subtype that are likely to respond to immunotherapy are essen-
tial to give a personalized treatment to this group.!?

Our immune system is a delicate balance between inhibitory and
stimulatory pathways. This balance is needed to ensure the
immune system is in perfect control in encountering threat such as
infection, allergic reaction, and neoplasm growth. One of the
inhibitory axes is programmed cell death-1 (PD-1) and pro-
grammed cell death ligand-1 (PD-L1).1?

PD-1 is a member of the B7-CD28 family of co-stimulatory mol-
ecules. PD-1 in immune cells primarily binds to PD-L1 and PD-
L2, which present on tumor cells’ surface and tumor-infiltrating
immune cells, induced by interferon-y (IFN-y) other cytokines.
PDL-1 when binds to PD-1 will give signals to suppress cytotoxic
T-lymphocytes response to the tumor, such as decreased expres-
sion of markers in the cell-surface, diminished T-lymphocytes pro-
liferation and cytokine production.!#

PDL-1 has been researched in many studies alongside TIL for its
usage as prognostic marker with conflicting results, but most of
these studies consider the TNBC as equal to BLBC.!3 The results
of these studies have been summarized in several meta-analyses.
Most of the meta-analysis are concluded that PD-L1 correlated
with poor prognosis but currently no specific review regarding PD-
L1 expression in basal-like and non-basal like TNBC.16-20-

This study aims to summarize the literature and explore the
strength of evidence for PD-L1 expression difference in basal like
TNBC and non-basal like TNBC, and association of PD-L1
expression to recurrence and overall survival group.

Materials and Methods

According to the preferred reporting items for systematic reviews
and meta-analyses (PRISMA) statement checklist.?!

Search strategy

We searched all the research article using the PubMed, PubMed
Central, Google Scholar, Science Direct, EuroPMC database using
keywords listed in Table 1. The last search in each of the databases
was conducted on November 29, 2020. Multiple article checks
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were performed on the five databases following PRISMA guide-
line, as seen in Figure 1.

Studies were included in this review if met the following inclu-
sion criteria: the study must be a research article within publication
range 2010-2020. The article must represent the study question (P:
TNBC patients with ER-, PR- and Her2Neu- defined by IHC. I:
basal like TNBC, defined by breast cancer patients that exhibit ER-
PR-, Her2Neu-, EGFR and/or CK5/6 expressions by IHC, C: Non-
basal like TNBC, patients that exhibit ER-, PR, Her2Neu- but no
expressions either EGFR or CK5/6 by IHC, O: analyze the PD-L1
expression by IHC/protein expression level in each group as the
primary outcome, and its association to the secondary outcome:
disease-free survival/ recurrence free survival and overall sur-
vival).

The reviewers evaluated the titles and abstracts for all studies

identified through the PRISMA search strategy.?! Two primary
reviewers (FH and BH) screened titles and abstracts through a total
of 6813 articles and removed duplications. For the articles that
remained after the initial screen, 15 full texts were reviewed for
eligibility. When there are differences between 2 authors, third and
fourth author (AH and YA) were consulted to decide.
Full texts were evaluated when there was insufficient information
in the title and abstract to decide inclusion and exclusion. We also
contacted the corresponding authors to obtain any additional infor-
mation, if necessary. Studies that sub-classified TNBC based on
gene expression profile, and those who assume basal-like TNBC
are equal to all TNBC also be excluded. The studies were excluded
if their designs were review articles, systematic reviews, or meta-
analyses. Due to language limitation, study written in a language
other than English will be excluded.

Outcome definitions

Primary study outcomes could be defined as PD-L1 protein
expression level in both basal-like and non-basal like TNBC
group. Secondary outcomes of interest are DFS/RFS and/or OS of
both groups. Disease-free survival or recurrence free survival were
defined as the period between diagnosis and relapse of breast can-
cer. Overall survival was defined as the period between diagnosis
date of breast cancer-related death.

Records identified from database searching (n=6813)
Pubmed (n= 10)

Pubmed Central | n=4559)

Google Scholar (n = 2240)

Science direct (n=1)

Euro PMC (n=3)

| Records retrieved (n= 19) after title and abstract screening |—)|dU|>h(a1iun removed (n=4)

&
[Full text assessed for eligibility (n= 15) | —> | Full text article excluded (n=3) due to:

* Review article(n=1)
»  Preclinical animal study and no
outcome of interest (n=1)
*  Assuming Basal-like Breast Cancer is
Eligible studies 1o be assessed equal to TNBC (ns=S)
qualitatively (n=6) »  Not clear in dividing Basal and Non-
Basal Like TNBC (n=2)

Figure 1. PRISMA strategy used for searching strategy.
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Results

Literature search

A total of 6813 articles were identified through the search strat-
egy. Figure 1 shows the result of the PRISMA strategy search in
this systematic review. Most articles were excluded because the
study assumes basal like breast cancer is equal to TNBC, especial-
ly in the result analysis. At the end of our literature search, six stud-
ies are being screened for their quality and risk of bias, and in this
assessment, we found 1 study is fair in quality and has high risk of
bias. In the end and only five articles are included in this system-
atic review.2327 Details of quality assessment and risk of bias
assessment are mentioned in the supplement data.

Characteristics of the included studies

The main characteristics of the five studies included in this sys-

Table 1. Literature search strategy.
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tematic review are summarized in Tables 2 and 3. All studies were
all only subset of the main study, all conducted in cohort retrospec-
tive with TMA used for tissue sampling, with the number of
patients is between 104-152 patients. In 5 studies, basal-like TNBC
accounts for the majority of TNBC patients. The eligibility criteria
were mostly the availability of tissue micro-array/TMA to be stud-
ied. Tissue Micro Array is a technique which allows a single histo-
logic slide to contain many small representative tissue samples
derived from hundreds of different cases, hence it will increase the
productiveness to analyze multiple specimens at the same time.?*

Primary outcome

Our study compiled only several subsets of studies with different
PD-L1 protein expression levels in basal-like TNBC and non-basal
like TNBC. In Table 2, we could see that each study is using dif-
ferent antibodies with a different scoring system. All of them were

PubMed “Triple negative breast neoplasm” OR “triple negative breast cancer” AND “basal like” OR non “basal-like”

AND “PD-L1” OR “programmed cell death ligand-1” AND “disease free survival” OR “recurrence free survival”

OR “overall survival” (PubMed generated keywords in supplemental file) 10
PubMed Central ~ “Triple negative breast neoplasm” OR “triple negative breast cancer” AND “basal like” OR non “basal-like” 4559

AND “PD-L1” OR “programmed cell death ligand-1” AND “disease free survival” OR “recurrence free survival”
OR “overall survival” (PubMed Central generated keywords in supplemental file)

Google Scholar
recurrence free survival overall survival

Science Direct

Triple negative breast cancer basal like non basal like PD-L1 programmed cell death 1 disease free survival 2240

Triple negative breast cancer AND (basal like OR non basal like) AND programmed cell death ligand 1 AND prognosis 1

Euro PMC

“Triple negative breast cancer” AND “basal like” AND “non basal like” AND “programmed cell death ligand-1"AND”’prognosis” 3

Table 2. Characteristics of eligible studies.

1 Baeetal., 2016 465 all breast ca patients Cohort retrospective  Inclusion criteria: 41.0 months
diagnosed from 2001-2013: tissue punches were
109 are TNBC patients evaluable for TMA for this study
comprised of 81 patients
are basal-like TNBC and
28 patients are non-basal like
2 Guoetal,2016 183 TNBC patients from 1999-2008: Cohort retrospective  Inclusion criteria: primary operable 76.4 months
116 patients are basal-like TNBC, breast cancer, no family history for
67 patients are non-basal like breast or ovary cancer, no prior
treatments before surgery, mastectomies,
or lumpectomies specimens with sufficient
tissue for TMA
3 Beckersetal,2016 161 TNBC patients Cohort retrospective  Blocks are available for TMA, confirmed 55 months
TNBC in repeated testing
4 Wangetal, 2017 443 all primary breast ca patients Cohort retrospective  Inclusion criteria: the paraffin blocks 87 months
diagnosed within period 1988-1995: and tissue cores should be available for TMA
104 TNBC patients comprised of 69 patients
are basal-like TNBC, and 35 patients are
non-basal like TNBC
5 Renetal, 2018 195 TNBC patients underwent curative Cohort retrospective  Exclusion criteria: a case with insufficient Follow up time began from

operations from May 2002-

May 2012: 152 patients are
basal-like TNBC, and 43 patients
are non-basal like

paraffin-embedded tumor tissue for
TMA or those with preoperational
neoadjuvant treatment

the date of surgery
until June 30th 2016

TNBC, triple negative breast cancer; TMA, tissue micro-assay.
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using TMA for tissue assessment.252° The primary and secondary
outcome of compiled studies are summarized in Table 4.

In studies by Wang et al. (2017) and Bae et al. (2016), PD-L1
expression is dichotomized into two groups: high and low expres-
sion. Both were using H- scores to assess PD-L1 protein expres-
sion and with a similar cutoff for positivity, albeit the two studies
were using different antibodies (SP 142 and E1L3N in each). In the
first study by Wang, et al. (2017) the PD-L1 expression is high in
basal-like TNBC (67% of all samples) in contrast with non-basal
like TNBC (31% of all samples) P-value 0.013. This study clearly
defined the basal-like and non-basal-like TNBC by EGFR and
CK5/6 expression, and further analyzed its association with PD-L1
expression in each group. The finding is in contrast if compared to
a second study by Bae ez al. (2016) in which low expression of PD-
L1 is majority group (70.4%) in basal-like TNBC (P<0.001).
However, the non-basal group also mostly have low expression of
PD-L1 (96.42%) P-value <0.464.

Both studies by Guo et al. (2016) and Ren, et al. (2018) are not
mainly focus on TNBC heterogeneity. We pulled out data within
these two studies that only congruent with this systematic review.
They divide PD-L1 protein expression into negative or positive but
also based on different antibodies and different scoring system. In
conclusion, none of them stated significant difference between PD-
L1 protein expression in basal-like TNBC and non-basal like
TNBC, supported by similar findings by Beckers et al. (2015).

With the intention of objectivity, 4 in 5 studies are assessed by
two or more different pathologists, only 1 study by Wang et al.
(2017) assessed by one breast pathologist in a blinded manner. No
analysis for inter-reader concordance in all five studies.?>-?

Secondary outcome
A study by Wang et al. (2017) clearly defined the basal-like and

Table 4. Primary and secondary outcome.

1 Baeetal,2016 In basal like TNBC group: low PD-L1 expression
protein in 70.40%, high expression in 29.60%
Pvalue <0.001 in non-basal like TNBC group:
low PD-L1 protein expression in 96.42%, high

expression in 3.6% P<(0.464

2 Guoetal,2016
protein expressed in tumor cell and immune cell
between basal-like (n=116) and non-basal-like
(n=67) breast cancer subtype
(13.8 vs 13.4% of all TNBC, P=0.94)

No significant difference in the proportion of PD-LI

_\epress

non-basal Like TNBC. The PD-L1 expression in tumor cells is
positively associated with recurrence, meaning the higher PD-L1
expression in tumor cells of basal-like TNBC, the lower likely the
patient to have a recurrence. PD-L1 status in basal-like TNBC is
showing the only trend towards better overall survival but not sta-
tistically significant. In non-basal like groups, the PD-L1 expres-
sion is not associated with recurrence or overall survival in this
study.?8

In contrary, a study by Bae, et al. (2016) concluded PDL-1
expression variance in basal-like and non basal like TNBC has no
significant association with both recurrence and overall survival.>*
Guo et al. and Ren et al. (2018) also noted that the expression of
PD-L1 by either immune cells or tumor cells was not significantly
associated with overall survival in neither basal-like and non-basal
like TNBC.27:29

In addition, a study by Beckers ef al. (2016) stated that, although
no statistical difference between PD-L1 expressions in all com-
partment of basal-like TNBC and non-basal like TNBC, overall
PDL-1 expression more than 5% in cytoplasmic TNBC tumor cells
has significant correlation to lower risk of breast cancer death.2’

Discussion

TNBC still has grim prognosis until now. The heterogeneity in
TNBC is also making the clinicians and researchers difficult to
determine personalized therapy.3?

TNBC has been long assumed to be equal to BLBC, but these two
subtypes are not the same thing. Most basal-like are TNBC, it is
true, but in other subtypes such as Luminal A, Luminal B, Her-2
enriched we also find basal-like breast cancer. In TNBC, as men-

PDL expression in basal-like TNBC does not correlate with DFS
P=0.476) nor OS (P 0.173). There was no correlation in non-basal-like
TNBC either in DFS (P=0.650) and OS (P=0.847)

Expression of PD-LI, by either immune cells or tumor cells was not
significantly associated with overall survival in neither TNBC,
basal-like nor non-basal like. Recurrence is not analyzed

3 Beckersetal, 2016 No association of basal-like TNBC with PD-LI

Membranous PD-L1 is not associated with outcome.

expression in membranous (P=0.4182), cytoplasmic
(P=0.643) nor stromal compartment (P=0.7484).
No mention of PD-L1 expression in non-basal like TNBC

Cytoplasmic expression of PD-L1 =5% correlated
to lower risk of BC death

4 Wangetal,2017 In basal-like TNBC group: low PD-L1 protein expression
in 67%, high expression in 33% in non-basal like TNBC:
low PD-L1 expression in 69%, high expression in 31%

(P-value 0.013)

PD-L1 status in basal-like TNBC group is associated

with RFS (hazard ratio=0.39, 95% CI=0.22-0.86, P=0.018)

with High PD-LI level is associated with better RFS.

In association with OS, the PD-LI status in basal-like TNBC
shows the only trend towards better OS. In non-basal like TNBC,
PD-L1 positive status is not significant for either RFS or OS

No significant association between overall
PD-L1 protein expression and patient survival.
Recurrence is not mentioned

5 Renetal,2018 Analysis with [HC/protein expression: no significant
difference in the proportion of PD-L1 protein
expressed tumors between basal-like (n=152)

and non-basal-like (n=43) breast cancer subtype
(7.20 vs 4.65% of all TNBC, P=0.737)

IHC, immunohistochemistry; PD-L1, programmed cell death-ligand 1; TNBC, triple negative breast cancer.
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tioned before, only 75-80% expressed basal features and 20-25%
are non-basal like.”3°

The usage of immunologic marker for predicting prognosis in
TNBC has been started for several years. Many have resulted from
these studies, in which one of the most highlights are PD-L1, either
using IHC assay, miRNA level of CD274 gene expression.26:29-31-33

Studies in PD-L1 protein expression in TNBC and its correlation

with prognosis (DFS/RFS/OS) are many, with inconsistent
results.!7-20-27 This is mainly due to tumor heterogeneity, and most
studies are using TMA in their studies with different reagents and
methods to assess PD-L1 protein expression.2?-30
It is also known that each of anti-PD-1 and anti-PD-L1 agents in
clinical trials uses their own company IHC assay and reagent, thus
complicating the PD-L1 expression assessment and decreasing the
comparability of PD-L1 as a prognostic marker in studies. Several
studies comparing different PD-L1 antibodies for IHC in BC have
found varied result with different antibodies (such as SP263, 28-8,
22C3, SP142, E1L3N) with the lowest staining found in IHC assay
using SP 142. FDA has approved SP 263, 28-2 and 22C3 as they
showed comparable result.3! In future studies, PD-L1 IHC clone’s
choice would end up using the clone by which ICI/ Immune
Checkpoint Inhibitors shows effect in clinical trials than which
clone shows consistent results.33-3

Recently in November 2020, the FDA granted accelerated
approval of the PD-L1 inhibitor keytruda (pembrolizumab) in
combination with chemotherapy to treat people with locally recur-
rent or metastatic TNBC. Their tumors express PD-L1.36 They are
based on clinical trial coded KEYNOTE-355 (NCT02819518).
This also accompanied with approval use of PD-L1 IHC 22C3
pharm DX as a companion diagnostic for selecting patients with
TNBC for pembrolizumab.3” This approval of pembrolizumab
weigh the consideration of using PD-L1 IHC 22C3 pharm DX as a
future standard antibody in assessing PDL-1.
This systematic review found that inconsistent results are probably
due to different antibodies, different scoring systems, and different
grouping of PD-L1 protein expression (high/low vs negative/posi-
tive), hence data could not be pooled, and the meta-analysis cannot
be done. The highest cutoff point found in a study by Ren, et a/
.(2016) which considered 25% PD-L1 protein level in membra-
nous staining as positive following strict criteria made from the
antibody producer, which is different from another study (usually
PD-L1 protein level more than 1% or 5% is already considered
positive). The author also mentioned this scoring system probably
the answer of why the PD-L1 protein positivity in their study is
low (only in 13.6% of TNBC patients) and no association found of
PD-L1 protein with overall survival. Interestingly this study also
noted that PD-L1 mRNA is higher in basal-like TNBC
(P=0.033).2°

The combination of TMA usage and IHC assay for assessing PD-

L1 protein level is also noted for their lack in covering TNBC het-
erogeneity, a lack in which many studies try to cover using multi-
cores of patients’ tissue.® Subjectivity in assessing PD-L1 protein
positivity also noted. We only compiled studies that mentioned that
PD-L1 protein expression assessment is in blind manner or by 2
pathologists or more to reduce this subjectivity risk.
While incomparability of PD-L1 protein expression using IHC
assay is noted, IHC assay is still used to assess PD-L1 protein
expression and determining ICI application in daily practice and
many studies. Analyzing the PD-L1 protein level and clinical out-
comes in cohort fashion was more reasonable because protein is
more stable than mRNA over long periods. Not all mRNA is trans-
lated into protein.3?

Currently, no study focuses on assessing the difference of PD-
L1 expression in the basal like and non-basal like TNBC. To our
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knowledge, this is the first systematic review made to this purpose.
In 5 subset of studies included in our review, mostly stated that
PD-L1 protein expression level is higher in basal-like TNBC than
non-basal like. In non-basal like group, the PD-L1 protein expres-
sion mostly low, with no correlation with prognosis. This is prob-
ably due to a relatively smaller sample of non-basal like a group
compared to the basal-like group. Further, another study with larg-
er samples of TNBC is needed, with proportional sample of both
group (basal and non-basal-like group) and prospective cohort
method for better prognostic evaluation.

If it is proven, then it could be another essential matter to guide
the subsequent studies evaluating PD-L1 protein expression in
TNBC and next clinical trial that we should consider exclusion of
non-basal like group since this group could dilute the study result.
However, the PD-L1 expression in each group and its association
with prognosis remains unclear due to different reagents, methods
and stratification used for evaluating PD-L1 expression in IHC
assay. Further, agreement of methods and antibody in assessing
PD-L1 protein level is needed.

This study also have several limitations. We were searching only
5 databases, more searching in other databases probably will pro-
vide more specific studies. We also could not ensembled data due
to diversification of antibodies, cut-off, and method in assesing
PD-L1, hence we could not establish a meta-analysis.

Conclusions

In conclusion, further studies specifically address this PD-L1
protein level differences in Basal like and non-basal like TNBC
and its correlation with prognosis are needed, with larger sample
and proportional sample of both groups to further highlighted the
differences between the two group and prospective cohort method
for better prognostic evaluation. We also noted that agreement of
methods and antibody in assessing PD-L1 protein level is needed
to elevate the use of PDL-1 as prognostic marker in TNBC.
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