
The Oncologist, 2022, 27, e313–e327
https://doi.org/10.1093/oncolo/oyab063
Advance access publication 2 March 2022
Original Article

Received 11 July 2021; Accepted 18 December 2021.
© The Author(s) 2022. Published by Oxford University Press.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For 
commercial re-use, please contact journals.permissions@oup.com.

Combining Analysis of Tumor-infiltrating Lymphocytes (TIL) 
and PD-L1 Refined the Prognostication of Breast Cancer 
Subtypes
Yunbi Ni1, Julia Y. Tsang1, Yan Shao1, Ivan K. Poon1, Fiona Tam2, Ka-Ho Shea3, Gary M. Tse∗,2

1Department of Anatomical and Cellular Pathology, Prince of Wales Hospital, The Chinese University of Hong Kong, Ngan Shing Street, Shatin, 
NT, Hong Kong
2Department of Pathology, Kwong Wah Hospital, Hong Kong
3Department of Pathology, Tuen Mun Hospital, Hong Kong
*Corresponding author: Gary M. Tse, FRCPC, Department of Anatomical and Cellular Pathology, Prince of Wales Hospital, Ngan Shing Street, Shatin, Hong 
Kong. Tel: 852 35052359; Email: garytse@cuhk.edu.hk

Abstract 
Background:  PD-L1 has been used as a biomarker to select patients for treatment of PD-1/PD-L1 inhibitors.
Materials and Methods:  In this study, we assessed the clinicopathological features of breast cancers that are associated with PD-L1 expres-
sion, as well as its relationship with other immune components and its prognostic significance.
Results:  Totally 1752 cases were included in this cohort. PD-L1 expression in tumor-infiltrating immune cells (PD-L1-IC) expression and 
in tumor cells (PD-L1-TC) expression were identified in 34.2% and 10.1% of cases, respectively, and they showed a positive correlation 
with higher tumor grade, morphological apocrine features, presence of necrosis, and higher stromal tumor-infiltrating lymphocytes (sTIL). 
PD-L1-IC and PD-L1-TC expression correlated positively with each other, and both of them were negatively associated with estrogen re-
ceptor and progesterone receptor and positively associated with Ki67, HER2, EGFR, p63, and p-cadherin. In survival analysis, PD-L1-IC 
expression was associated with better disease-free survival (DFS) and breast cancer-specific survival (BCSS) in HER2-overexpressed 
(HER2-OE) cancers and high–grade luminal B cancers. In triple–negative breast cancers (TNBC) and HER2–OE cancers, compared with sTIL 
low PD-L1-IC negative cases, sTIL high cases showed significantly better DFS independent of PD-L1-IC status. sTIL low PD-L1-IC positive 
cases also demonstrated a better DFS in HER2–OE cancers. In high–grade luminal B cancers, sTIL high PD-L1-IC positive cases showed 
the best BCSS.
Conclusion:  The data suggested that the combining analysis of sTIL and PD-L1-IC expression refined the prognostication of breast cancer sub-
types. Cases with high TIL and PD-LI-IC expression appear to be more immune active.
Key words: breast cancer; tumor microenvironment; PD-L1; stromal tumor-infiltrating lymphocytes.

Implications for Practice
PD-L1-IC expression was associated with better disease-free survival (DFS) and breast cancer-specific survival (BCSS) in HER2–
overexpressed (HER2-OE) cancers and high–grade luminal B cancers. In triple–negative breast cancers (TNBC) and HER2–OE cancers, 
compared with sTIL low PD-L1-IC negative cases, sTIL high cases regardless of PD-L1-IC status showed significantly better DFS. sTIL 
low PD-L1-IC positive cases also demonstrated a better DFS in HER2–OE cancers. In high–grade luminal B cases, sTIL high PD-L1-IC 
positive cases showed the best BCSS. The data suggested that the combining analysis of sTIL and PD-L1-IC expression refined the 
prognostication of breast cancer subtypes.

Introduction
Following surgical resection, the mainstay treatment for breast 
cancer includes a combination of radiotherapy, chemotherapy, 
and hormonal therapy. Additional anti–HER2 target therapy is 
given to those with HER2–positive cancers. With these treat-
ment regimens, majority of patients can achieve long–term sur-
vival. Unfortunately, 5-11% of patients eventually present with 
metastatic disease, and in a significant fraction of patients, the 
tumors are resistant to systemic treatment and these patients 
will eventually develop distant relapses and ultimate mortality.1-3

It is now well recognized that tumor microenvironment plays 
a crucial role in the development of cancer. Cancer immune 
condition has been revealed as a major hallmark of cancer. 
Recent advancement in cancer immunology has revolution-
ized cancer treatment and prognostication. Immunotherapy 
harnessing the immune system’s natural ability to fight against 
cancer cells has received increasing attention. The most prom-
ising immunotherapeutic approach developed is the immune 
checkpoint blockade (ICB). The immune checkpoints are 
upregulated upon continued immunologic stimulus, acting 
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Figure 2. Representative staining of PD-L1-TC (200×).

as a negative regulator to dampen the immune response. 
Cancers can hijack this network to circumvent the anti-cancer 
immunity. Currently approved checkpoint inhibitors target 
the molecules CTLA4, PD-1, and PD-L1. Improved outcome 
of ICB has been observed in various malignancies, including 
melanoma, urothelial cell carcinoma, renal cell carcinoma, 
and non–small-cell lung cancer.3-6

Although breast cancer has been considered as an “immune-
cold” tumor, a proportion of them could be “inflamed,” in par-
ticular the more aggressive subtypes, showing a high level of 
tumor-infiltrating lymphocytes and tumor mutational burden.7 
There is a great interest in exploring the potential role of im-
munotherapy in breast cancer. The results from the Phase III 
Impassion 130 trial marked a new milestone in breast cancer 
treatment.8 The addition of atezolizumab, a PD-L1 inhibitor, 
to nab-paclitaxel in the first-line treatment of incurable, lo-
cally advanced or metastatic triple-negative breast cancer 
(TNBC) prolonged progression-free survival. Furthermore, 
in the PD-L1-positive subgroup, which was detected by the 
Ventana PD-L1 SP142 immunohistochemistry (IHC) assay, 
overall survival was improved in the atezolizumab treatment 
arm. Atezolizumab, thus, has been approved by FDA in 2019 
for the metastatic TNBC tumors with PD-L1 positivity and 
SP142 assay as the companion diagnostic test. However, pri-
mary results from the clinical trial Impassion131 showed 
that combining atezolizumab with paclitaxel did not improve 
progression-free survival or overall survival versus paclitaxel 
along (https://doi.org/10.1016/j.annonc.2021.05.801), re-
sulting in the recent voluntary withdrawal of breast cancer 
indication from atezolizumab in the US.

This discrepancy indicates stratification based on PD-L1 
expression may not be sufficient.

Data from melanoma and lung cancers showed that the pa-
tients with “PD-L1–positive” tumors had an overall response 
rate of 48% to ICB, whereas 15% of patients responded 
despite PD-L1 negativity.9 Beyond PD-L1 expression, re-
cent attention has been shifted to the tumor genome and 
neoantigen, phenotype of tumor immune status, and other 
host–related features for treatment prediction. Biomarkers, 
such as the density of tumor-infiltrating T cells, immune cell 
profiles, MHC class I expression and the tumor mutational 
burden are under consideration. Their expression alone or to-
gether with PD-L1 has been examined for their association 
with treatment response.10 Regarding breast cancer, little has 
been reported on PD-L1 expression by SP142 assay and its 
relationship with other immune or host factors. In addition, 
its clinicopathological analysis was focused on TNBC can-
cers,11-15 and relatively little was known for the other breast 
cancers. With the success of ICB in metastatic TNBC, trials 
have been conducted with ICB also in other subtypes.16 The 
purpose of this retrospective study is to assess the clinical 
and pathological features of breast cancers that are associ-
ated with PD-L1 (SP142) expression in the tumor cells and 
stromal tumor-infiltrating immune cells in a large breast 
cancer cohort with different breast cancer subtypes, as well 
as the relationship between PD-L1 expression and other im-
mune components.

Materials and Methods
Patients Data
All consecutive cases diagnosed with breast cancer over a 
period of 4 (2002-2005), 7 (2003-2009), and 4 (2003-2006) 

years in 3 of the involved institutions were included. The 
cases with neoadjuvant therapy were excluded. Patients’ 
demographic data (age), histopathologic parameters (tumor 
size, lymph node involvement, pN stage, and pT stage) and 
outcome data were retrieved from the medical records. 
Disease-free survival (DFS) time was calculated from the 
date of the surgery to the date of the first relapse or death. 
Breast cancer-specific survival (BCSS) time was calculated 
from the date of the surgery to the date of dying from breast 
cancer. All the specimens were fixed in 10% buffered for-
malin and embedded in paraffin. Archival H&E stained 
slides for each case were reviewed to confirm the diagnosis 
(WHO criteria) and grade (Bloom and Richardson grading). 
Stromal tumor-infiltrating lymphocytes (sTIL) were evalu-
ated based on the percentage of tumor-stromal area occu-
pied by TIL (International Immuno-Oncology Biomarker 
Working Group on Breast Cancer) on whole sections. TIL 
level >20% was considered as sTIL high, and TIL level 
<=20% was considered as sTIL low.17 Additional histo-
logic features [including lymphovascular invasion (LVI), 
morphological apocrine feature, fibrotic change, necrosis, 
and extensive in situ components (EIC)] were assessed 
as previously reported.18 The study was approved by the 
Joint Chinese University of Hong Kong—New Territories 
East Cluster clinical research ethics committee. Tissue from 
patients was acquired with informed consent in accord-
ance with local institutional review and the Declaration of 
Helsinki.

Tissue Microarray Construction and 
Immunohistochemistry
Tissue microarray (TMA) was prepared as previously de-
scribed.18 Briefly, representative tumor areas of each case were 
selected and 0.6 mm core in duplicate was taken for TMA 
construction. The presence of tumor was confirmed on H&E 
stained TMA sections. Immunohistochemical (IHC) staining 
was carried out on TMA sections with the selected antibodies 
using Ultraview Universal DAB Detection Kit (Ventana, 
Arizona, USA) after deparaffinization, rehydration, and 
antigen retrieval of the slides. All slides were counterstained 
with hematoxylin. The IHC staining was evaluated based on 
staining intensity (graded from 0 to 3) and the percentage of 
positively stained cells in the corresponding cellular location 
according to different antibodies. The interpretation of IHC 
results was carried out blindly by 2 of the authors without any 
clinical information and the staining results of other markers. 
Any discrepancies were resolved by discussion to reach a con-
sensus. PD-L1 expression in tumor cells (PD-L1-TC) and in 
tumor-infiltrating immune cells (PD-L1-IC) were assessed as 
previously reported.19 Briefly, PD-L1-TC was assessed as the 
proportion of tumor cells showing membrane staining of any 
intensity: PD-L1-TC negative (<1%) and PD-L1-TC positive 
(≥1%); PD-L1-IC was assessed as the proportion of tumor 
area occupied by PD-L1-positive IC of any intensity: PD-L1-IC 
negative (<1%) or PD-L1-IC positive (≥1%). Tumor area was 
defined as the area containing viable TC, their associated 
intratumoral stroma and contiguous peritumoral stroma. 
Results for other biomarkers, including estrogen receptor 
(ER), progesterone receptor (PR), HER2, Ki67, EGFR, c-Kit, 
p63, CK5/6, vimentin, p-Cadherin, AR, HVEM, PD1 TIL, 
HLA-A, HLA-B, and HLA-C were retrieved from our data-
base.18,20,21 Details of staining and assessment of all markers 
involved in the study are shown in Supplementary Table S1.
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The tumors were also classified into different molecular 
subtypes: luminal A (ER+, PR ≥ 20%, HER2−, Ki67 < 
20%), luminal B (ER+, PR < 20% and/or HER2+ and/or 
Ki67 ≥ 20%), HER2-overexpressed (HER2-OE) (ER−, PR−, 
HER2+), and triple-negative breast cancers (TNBC) (ER−, 
PR−, HER2−) (including basal-like breast cancers (BLBC) 
(ER−, PR−, HER2−, CK5/6+, and/or EGFR+) and 5-marker 
negative panel (5NP) (ER−, PR−, HER2−, CK5/6−, EGFR−)) 
using IHC results as surrogates.

Statistical Analysis
SPSS for Windows (version 26.0; SPSS Inc., Chicago, IL) was 
used for all statistical analyses. Chi-square analysis or Fisher’s 
exact test were used to test the association between categor-
ical variables. Survival data were analyzed using the Kaplan-
Meier method and group differences in survival time were 
investigated by a log-rank test. Multivariate Cox propor-
tional hazards model with backward Wald model were used 
to identify variables that were independently associated with 
survival. All statistical tests were 2-sided, and P-value of <.05 
was considered statistically significant.

Results
In total, 1752 primary breast cancers were included in this 
study. The mean patients’ age at diagnosis was 54.1 ± 12.8 
years (range 22-101 years) and the mean tumor size was 
2.66 ± 1.47 cm (range 0.1-13.0 cm). There were 232 (13.2%), 
727 (41.5%), and 793 (45.3%) of grades I, II, and III, respect-
ively. ER, PR, and HER2 were positive in 69.9% (1225/1740), 
67.4% (1171/1737), 18.9% (329/1742) of the cases, respect-
ively. Based on IHC surrogates for molecular subtyping, there 
were 683 (39.4%), 628 (36.2%), 163 (9.4%), 259 (15.0%) 
cases of luminal A, luminal B, HER2-OE, and TNBC sub-
types, respectively. In luminal B cases, 143 (22.7%) were 
HER2 positive and 485 (77.3%) were HER2 negative. 
Among those, 310 cases were high–grade luminal B (luminal 
grade 3), 88 of them (28.4%) are HER2 positive and 222 of 
them (71.6%) are HER2 negative.

PD-L1-IC expression (Fig. 1) was identified in 34.2% 
(600/1752) of cases, with the highest expression rate of 
54.1% (140/259) in TNBC. PD-L1-TC expression (Fig. 2) 
was detected in 10.1% (173/1711) of cases, with the highest 
expression rate of 20.3% (33/162) in the HER2–OE subtype, 
followed by TNBC (11.6%; 29/252) (Tables 1 and 2).

Correlation with Clinico-pathological Features, 
Biomarkers, and Breast Cancer Molecular Subtypes
PD-L1-IC expression is more likely to be found in younger 
patients (P = .007). It showed a positive correlation with 
higher tumor grade (P < .001), morphological apocrine fea-
tures (P = .005), presence of necrosis (P < .001), higher sTIL 
(P < .001), higher T stage (P < .044), and higher N stage (P 
= .019), and a negative correlation with fibrotic focus (P = 
.016) and extensive intraductal carcinoma (P = .001) (Table 
1). Similarly, PD-L1-TC expression is associated positively 
with higher tumor grade (P = .003), morphological apocrine 
features (P < .001), presence of necrosis (P < .001), and higher 
sTIL (P < .001) (Table 2).

For biomarker expression, PD-L1-IC and PD-L1-TC ex-
pression correlated positively with each other (P = .011). 
Positive correlations of PD-L1-IC were found with ki67 ex-
pression, HER2, EGFR, C-KIT, p63, CK5/6, CK14, vimentin, 
and p-cadherin (P < .001 for all), but negatively with ER, PR, 
and AR (P < .001 for ER and PR, P = .034 for AR). Similarly, 
PD-L1-TC expression was also positively associated with 
Ki67, HER2, EGFR, p63, and p-cadherin (P ≤ .002) and 
negatively with ER and PR (P ≤ .026). Unlike PD-L1-IC, no 
significant correlation was found with c-kit, CK5/6, CK14, 
vimentin, and AR (Table 2).

For breast cancer molecular subtypes, both PD-L1-IC ex-
pression and PD-L1-TC expression showed a differential ex-
pression among different molecular subtypes (P < .001 for 
both), with higher levels in HER2-OE/TNBC and the least in 
luminal A cancers (Tables 1 and 2).

The clinicopathological characteristics of PD-L1-IC and 
PD-L1-TC were further explored in 3 aggressive breast cancer 
subtypes, namely high–grade luminal B (grade 3 luminal B), 
HER2-OE, and TNBCs. In high–grade luminal B, PD-L1-IC 
expression was associated positively with the presence of 
morphological apocrine features, high level of sTIL, the ex-
pression of HER2, CK5/6, CK14, HVEM, HLA-A, HLA-B, 
HLA-C, combined HLAs expression status, and PD1+TIL (P ≤ 
.036), while PD-L1-TC was only associated with the presence 
of apocrine phenotype (P = .011). For HER2-OE, PD-L1-IC 
expression was associated positively with high-level of sTIL, 
the expression of HLA-A, HLA-B, HLA-C, combined HLAs 
expression status and PD1+TIL (P ≤ .041), while PD-L1-TC 
was only associated with high ki67 (P = .021). Among the 
TNBCs, PD-L1-IC expression was associated positively with 
higher grade, high level of sTIL, the presence of necrosis, the 

Figure 1. Representative staining of PD-L1-IC (200×). Figure 2. Representative staining of PD-L1-TC (200×).
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basal-like breast cancers, the expression of ki67, c-kit, Ck5/6, 
vimentin, HLA-A, HLA-B, HLA-C, combined HLAs expres-
sion status and PD1+TIL (P ≤ .030), while PD-L1-TC was 
associated positively with high sTIL, p63 and HLA-A expres-
sion (P ≤ .042) (Tables 1 and 2).

Relationship of PD-L1-IC Expression and PD-L1-TC 
Expression with Patient’s Outcome
Follow-up data were available in 1537 patients with a mean 
follow-up duration of 73 months (range 1-210 months). Of 
these, 263 (17.1%) had breast cancer-specific mortality or 
relapse. High sTIL, PD-L1-IC, and PD-L1-TC expression 
showed no association with DFS or BCSS in the whole cohort 
(data not shown). When stratified into molecular subtypes, 
better DFS and BCSS by high sTIL were shown in both TNBC 
(DFS: log-rank = 7.691, P = .006; BCSS: log-rank = 3.964, P 
= .046) and HER2-OE (DFS: log-rank=5.20, P = .023; BCSS: 
log-rank=7.503, P = .006). Although high sTIL did not confer 
a better survival in all luminal B cancers, in the high–grade lu-
minal B subset, a favorable BCSS was found (log-rank=4.422, 
P = .035). On the other hand, better DFS and BCSS were 
shown by PD-L1-IC expression in HER2-OE (DFS: log-rank 
= 5.197, P = .033; BCSS: log-rank = 4.099, P = .043) and high 
grade luminal B (DFS: log-rank=4.434, P = .035; BCSS: log-
rank=6.865, P = .009), but not TNBC (Fig. 3). The PD-L1-TC 
expression was not associated with a significant better out-
come in all these subsets (data not shown).

Next, we examined the relationship of PD-L1-IC with 
sTIL in patients’ outcomes. In TNBC, compared with sTIL 
low PD-L1-IC negative cases, sTIL high cases regardless of 
PD-L1-IC status showed significantly better DFS (sTIL high 
PD-L1-ICneg: log-rank = 4.066, P = .044; sTIL high PD-L1-
ICpos: log-rank = 5.315, P = .021). There was only a trend of 
better BCSS for sTIL high PD-L1-IC positive cases than sTIL 
low PD-L1-IC negative cases (log-rank = 3.361, P = .067). In 
HER2-OE, compared with sTIL low PD-L1-IC negative cases, 
sTIL high cases regardless of PD-L1-IC status showed signifi-
cantly better DFS (sTIL high PD-L1-ICneg: log-rank = 5.392, 
P = .020; sTIL high PD-L1-ICpos: log-rank = 5.601, P = .018). 
Interestingly, sTIL low PD-L1-IC positive cases also demon-
strated a better DFS (log-rank = 4.598, P = .032). Similar ob-
servations were also found regarding BCSS in HER2-OE. In 
the high–grade luminal B cases, sTIL high PD-L1-IC positive 
cases showed the best BCSS (sTIL low PD-L1-ICneg: log-rank 
= 7.099, P = .008; sTIL high PD-L1-ICneg: log-rank = 4.547, 
P = .033; sTIL low PD-L1-ICpos: log-rank = 3.163, P = .075). 
No differences were found in DFS for high–grade luminal B 
cases (Fig. 4).

Relationship of sTIL and PD-L1-IC Expression with 
Other Immune Components
Further evaluation of the correlation of PD-LI-IC and sTIL 
subgroups with immune components was performed. In 
the high–grade luminal B cases, significant differences were 
found in PD1+TIL, HVEM, HLA-A, HLA-B, HLA-C, and 
combined HLAs status (P ≤ .040). However, the differences 
in PD1+TIL and HVEM were due to the differential distri-
bution between sTIL low PD-L1-IC negative and sTIL high 
PD-L1-IC positive cases. The pairwise comparison demon-
strated significantly higher HLA-A, HLA-B, and HLA-C 
expression as well as all HLAs high status in sTIL high 
PD-L1-IC positive than sTIL high PD-L1-IC negative cases 
(Table 3). In the HER2–OE cases, significant differences  
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were found in HLA-A and combined HLAs status (P ≤ 
.027). The pairwise analysis demonstrated that significantly 
higher HLA-A, HLA-B, and HLA-C expression as well as all 
HLAs high status in sTIL high PD-L1-IC positive than sTIL 
low PD-L1-IC negative cases. sTIL high PD-L1-IC positive 
cases also showed significantly higher HLA-A, HLA-C as 
well as all HLAs high status than sTIL high PD-L1-IC nega-
tive cases (Table 3). In the TNBC, similar to the other 2 
subgroups, significant differences were found in the HLAs 
expression and status (P ≤ .031). Additionally, significant 
differences were found in grade (P < .001) and TNBC sub-
types (P = .045). For the HLAs, the differences were mainly 
due to their higher levels of high PD-L1-IC positive cases 
than sTIL low PD-L1-IC negative cases or with sTIL high 
PD-L1-IC negative cases (Table 3).

Discussion
Assessment of PD-L1 expression by IHC in TCs and/or ICs 
has been used as a clinical biomarker to select patients for 
treatment with PD-1/PD-L1 inhibitors. The combination of 
atezolizumab and nab-paclitaxel chemotherapy has been ap-
proved for the first-line treatment of patients with locally ad-
vanced or metastatic TNBC initially and the SP142 Ventana 
test has been approved as its complementary diagnostics,8 
but this approval has recently been withdrawn due to the 
failure of subsequent study IMpassion131 in meeting its pri-
mary endpoint for the treatment of people with mTNBC in 
the PD-L1-positive population. This discrepancy suggests 
the insufficiency of prognostication of PD-L1 along in breast 
cancer, and other factors need to be combined in prognosis 
prediction and immunotherapy regimen making.

Apart from SP142, multiple assays, such as Ventana 
SP263 for durvalumab, DAKO 22C3 for pembrolizumab; 
and DAKO 28-8 for nivolumab, have been developed for 
PD-L1 assessment with variable scoring criteria and staining 
protocol.22 However, the SP142 assay appeared to generate 
different results, with the least concordance with the other as-
says23,24 and showing a lower sensitivity.25 Also, differing from 
the others, the assessment of SP142 was based mainly on IC, 
rather than TC. Inter-observer variability could be high for its 
assessment.26 Earlier studies on PD-L1 expression mainly fo-
cused on TC and using other antibody clones.18,27,28 A few re-
cent analyses on IC using SP142 assays examined only TNBC 
cases.11-14 Given immunotherapy can be exploited not only in 
TNBC but also other subtypes, here, PD-L1 expression was 
evaluated with PD-L1 antibody clone SP142 on both TC and 
IC, with further correlation analysis performed with clinical 
and histological features, biomarkers expression, and mo-
lecular subtypes.

In our cohort, the overall PD-L1-IC expression rate in 
breast cancer is 34%, with a much lower PD-L1-TC expres-
sion rate of 10.1%. These findings were similar to the pre-
vious studies showing the preferential staining of SP142 on IC 
in cancers from other tissues.29 In TNBC, PD-L1-IC expres-
sion by SP142 was reported from 28 to 56% while a range 
of 5-37% was reported for its TC expression.12,13,23,30 In our 
cohort, the PD-L1 expression rates on TNBC IC and TC were 
57.5% and 11.6%, respectively, similar to those reported 
previously. These figures were close to the upper boundary 
of the reported range, higher than that in the IMpassion130 
trial.8 It could be due to the fact that only primary TNBCs 
were included in the current analysis while both primary and PD

L
1 

T
C

 
 

O
ve

ra
ll 

 
 

 
L

um
B

 G
3 

 
 

H
E

R
2-

O
E

 
 

 
T

N
B

C
 

 
 

N
eg

at
iv

e
Po

si
tiv

e
T

ot
al

P-
va

lu
e

N
eg

at
iv

e
Po

si
tiv

e
P-

va
lu

e
N

eg
at

iv
e

Po
si

tiv
e

P-
va

lu
e

N
eg

at
iv

e
Po

si
tiv

e
P-

va
lu

e

H
L

A
-C

L
ow

59
1

51
64

2
.0

54
85

10
.6

61
45

11
.8

44
68

4
.1

62

H
ig

h
37

9
49

42
8

69
10

45
10

67
10

H
L

A
 s

ta
tu

s
A

ll 
lo

w
44

9
43

49
2

.1
39

58
9

.6
41

35
9

.8
15

51
3

.4
06

M
ix

ed
31

5
32

34
7

53
8

30
6

42
5

A
ll 

hi
gh

15
7

25
18

2
36

3
20

6
39

6

LV
I, 

ly
m

ph
ov

as
cu

la
r 

in
va

si
on

; F
F,

 fi
br

ot
ic

 f
oc

us
; E

IC
, e

xt
en

si
ve

 in
tr

ad
uc

ta
l c

ar
ci

no
m

a;
 s

T
IL

, s
tr

om
al

 t
um

or
-i

nfi
lt

ra
ti

ng
 ly

m
ph

oc
yt

es
.

Ta
b

le
 2

. C
on

tin
ue

d



e322 The Oncologist, 2022, Vol. 27, No. 4

metastatic TNBCs were included in the trial. Metastatic can-
cers may have lower TILs and PD-L1 expression.31 We found 
positive associations between PD-L1-IC expression and un-
favorable prognostic factors, namely higher tumor grade, 
tumor necrosis, larger tumor size, and lymph node metas-
tases. There was no association in TNBC with tumor size and 
lymph node metastasis, which is also in line with a recent 
study.15 By contrast, positive associations with grade, higher 
TIL, PD1+TIL, higher expression of HLAs, BLBC subtype 
by IHC surrogate, and markers showed high expression in 
BLBC (namely ki67, CK5/6, vimentin, and c-kit) were ob-
served. Given that SP142 was more sensitive to IC, its as-
sociation of higher TIL and PD1+TIL could be expected. It 
has been shown that approximately 20% of TNBC classified 
as immunomodulatory subtype which was highly enriched 
in immune cell markers and signaling was fell into PAM50 
BLBC.32 PD-L1-IC positive cases would be enriched with the 
immunomodulatory TNBC. This could account for its associ-
ation with the BLBC subtype by IHC surrogate.

High TIL, but not PD-L1-IC positivity, was related to better 
survival in our TNBC cohort. In addition to PD-L1, IFNγ acti-
vated other IFNγ signature genes, including HLA, to mediate 
active immunity.33 It appeared that, compared to PD-LI-IC 
negative low TIL cases, only cases with PD-L1-IC positive 
high TIL demonstrated a higher level of all HLA-A, HLA-
B, and HLA-C as well as their co-expression status. HLA 
upregulation and high TIL may represent an active IFNγ re-
sponse, thus an effective anti-tumor immunity. PD-L1-IC ex-
pression alone without commitment high TIL and HLA may 
represent a compromised anti-tumor immunity. In line, in our 
previous studies, significantly better survival was found in 
only cases with all HLA high and high TIL in a subset of breast 
cancers.20 In melanoma patients treated with ICB, HLA status 
was related to survival, independent of somatic mutational 
load, tumor stage, age, or types of treatment.34 Interestingly, 
in the phase II GeparNuevo trial for TNBC, HLA-A, and 
HLA-B were among the 44 genes significantly correlated 
with pCR in the durvalumab treatment arm.35 Moreover, a 

Figure 3. Kaplan–Meier analysis of DFS (A) and BCSS (B) according to sTIL and PD-L1-IC in TNBC, HER2-OE, and Luminal B G3 cases.
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high TIL level has been associated with a greater chance of 
achieving response to pembrolizumab monotherapy in phase 
2 KEYNOTE-086 study of previously treated mTNBC.36 
Regarding ICB in breast cancer, other immune markers, such 
as high TIL and HLA, together with PD-L1 expression could 
be also useful in refining the prediction of treatment response.

Apart from TNBC, a remarkable level of PD-L1-IC ex-
pression rate can be found also in HER2-OE (47.9%) and 
luminal B (39.2%), but the least was found in luminal 
A (19.3%). For PD-L1-TC, its expression in HER2-OE 
(20.3%) was the highest, similar rates were found for TNBC 
(11.5%) and luminal B (11.0%) and the least in luminal A 
(6.2%). These results are parallel to the observation that re-
ported previously on high–grade breast cancer in general,37 
implicating the potential validity of ICB in other subtypes 
of breast cancers. For HER2–positive cancers, high TIL, as 
shown by us and others have been associated with a better 
prognosis independent of other clinicopathological charac-
teristics.18 Immune-mediated mechanisms have been shown, 
at least partly, to contribute to the treatment outcome of the 
standard treatment of HER2–positive cancers including both 
anti-HER2 therapy and chemotherapy.38 It has implicated in 
a synergistic action of ICB with these standard treatments. 
It is interesting to note that survival benefit was found in 
PD-LI-IC positivity and/or high TIL in our HER2-OE cases. 
The results echoed with data from KATE2, a randomized 
phase 2 study that evaluated atezolizumab with trastuzumab 
emtansine (T-DM1) in previously treated HER2+ advanced 
breast cancer. Numerically higher progression-free survival 
and overall response rate with atezolizumab and T-DM1 
treatment in PD-L1+/high TIL patients, despite limited data, 
have been presented so far.39 It is also intriguing to observe 
that better DFS of sTIL low PD-L1-IC positive cases in 
HER2-OE cancer. This subset represented a very small pro-
portion (7.1%) in our HER2–OE population. With the small 
case number, further validation of their association with 
better survival is warranted. Nonetheless, the results echoed 

the data from the KATE2 trial evaluating atezolizumab with 
T-DM1 as mentioned above. For HER2–OE breast cancer, 
targeted treatment with a humanized antibody could be 
applied. The predominant immune cell type that expresses 
PD-L1 is macrophage in the tumor microenvironment.40 It 
is possible that the presence of these PD-L1 IC, presumably 
macrophages, interact with the Fc portion of the therapeutic 
antibody via its FcgRs, leading to antibody-dependent cel-
lular phagocytosis.41 Even with the low basal TIL level, the 
killing of cancer cells by antibody-dependent cellular phago-
cytosis could further stimulate the downstream immune re-
sponse. Interestingly, the anti–HER2 antibody could also 
interact with NK cells directly, resulting in upregulation of 
HLA and IFNg secretion.42 These may at least partly explain 
the differences in those cases with sTIL low PD-L1-IC posi-
tive among the HER2–OE breast cancer.

Luminal breast cancers have been considered a “cold” 
tumor with a low level of TIL. Immunotherapy in these 
breast cancers is underexplored. However, this subtype is 
highly heterogeneous and some subset exhibits elevated 
TILS levels. In fact, some recent clinical trials implicated the 
potential of immunotherapy in luminal cancers. In the phase 
II GIADA trial, a pCR rate of 16% was reported in pre-
menopausal luminal B cancers upon sequential anthracycline 
chemotherapy and nivolumab treatment.43 In our high–grade 
luminal B cases, they demonstrated high TIL, PD1+TIL, 
and HLAs expression as well as benefit in BCSS for high 
TIL/PD-L1-IC as in HER2-OE. Notably, mainly those high 
TIL cases with PD-L1-IC positivity showed a better BCSS. 
There could be immunological differences among different 
breast cancer subtypes, despite the high TIL infiltration. A 
recent study has shown that immune-rich ER+ cancers have 
shown to express TGF-β response metagenes and enrich 
with M2-like macrophage gene signature.44 Of note, high 
TGF-β signaling has been associated with lesser response 
to immune checkpoint inhibitors.45 Despite the expression 
of PD-L1, for optimal ICB treatment in other breast cancer 

Figure 4. Kaplan–Meier analysis of DFS and BCSS according to sTIL and PD-LI-IC combination in TNBC, HER2-OE, and Luminal B G3 cases.
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subtypes, different strategies and/ or patient selection should 
be considered.

A limitation of this study was the use of TMA for PD-L1 
assessment. Despite duplicated cores being used, there could 
be potential differences in results from TMA and the whole 
section. However, several reports have shown compar-
able results obtained from small biopsies/TMA with whole 
sections.46,47 Therefore, TMA can serve as an affordable alter-
native in a research setting. Although the study included a large 
cohort of breast cancer, there were only limited cases in some 
subset analysis for which further validation will be required.

Conclusion
Our study included the largest cohort in investigating the 
PD-L1 expression by SP142 in breast cancer, on both TC and 
IC. PD-L1 expression is much more prevalent in IC than TC. 
The highest PD-L1-IC expression was found in the TNBC 
subtype. A remarkable rate of approximately 50% was also 
observed in HER2-OE and high–grade luminal B. Despite the 
association with high TIL level, PD-L1-IC positivity did not 
demonstrate a favorable survival in TNBC. Combining ana-
lysis of TIL and PD-L1-IC refine the prognostication of breast 
cancer subtypes. Cases with high TIL and PD-LI-IC appear to 
be more immune active.
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