
TURKISH JOURNAL of ONCOLOGY

Prognostic Importance of PD-L1 Expression in Breast 
Carcinomas

Received: December 18, 2023
Revised: February 19, 2024
Accepted: March 01, 2024
Online: March 11, 2024

Accessible online at:
www.onkder.org

Turk J Oncol 2024;39(2):153–166
doi: 10.5505/tjo.2024.4254

ORIGINAL ARTICLE

 Reha AKPINAR,1,2  Hale DEMIR,3  Şennur ILVAN4

1Department of Pathology, IRCCS Humanitas Research Hospital, Milan-Italy
2Department of Biomedical Sciences, Humanitas University, Milan-Italy
3Department of Pathology, Düzce University, Düzce-Türkiye
4Department of Pathology, İstanbul University-Cerrahpaşa, İstanbul-Türkiye

OBJECTIVE

Breast carcinoma (BC) is the most common cancer in women, and, in particular, some subtypes are 
established as suitable for immunotherapy strategies targeting immune checkpoints. Programmed 
cell death-1 (PD-1), as well as cytotoxic T lymphocyte-associated protein-4 (CTLA-4), has an impor-
tant role in the tumor microenvironment to escape from the immune system. In this study, we ex-
amined the relationship of Programmed cell death-1 (PD-L1) expression with survival, recurrence, 
and other prognostic factors.

METHODS

This retrospective cohort comprised tissue microarray blocks of 391 cases examined at the same insti-
tute between 2000-2012. All cases were completely resected tumors, without neoadjuvant therapy, with 
more than 5 years of follow-up. Clinical follow-up and all pathologic parameters were recorded. PD-L1 
immunohistochemistry (SP263) was applied, then staining details including density, percentage, and 
patterns were noted for tumor areas and immune cells. PD-L1 expression results were analyzed, and its 
relationship with prognostic parameters and survival was investigated.

RESULTS

PD-L1 expression was detected in 90 (24.8%) cases: 55 in only tumor-infiltrating lymphocytes 
(TILs), 35 in both tumor and TILs. Statistically, there was no significant relationship between PD-L1 
expression and survival. However, high histologic grade, high scores in pleomorphism and mitosis, 
mild stromal reaction, dense immune cell infiltration, perineural invasion, absence of lymph node 
metastasis, negativity of ER and PR, HER2 expression, and high Ki-67 results had a significant rela-
tionship with PD-L1 expression.

CONCLUSION

Consistent with the literature, our results showed that PD-L1 expression in triple-negative and HER2 
overexpressed types and in the presence of TILs is higher than in other breast cancers.
Keywords: Breast carcinoma; immunotherapy; PD-L1; tumor-infiltrating lymphocytes.
Copyright © 2024, Turkish Society for Radiation Oncology

Dr. Reha AKPINAR
Department of Pathology,
IRCCS Humanitas Research Hospital;
Department of Biomedical Sciences,
Humanitas University,
Milan-Italy
E-mail: drrehaakpinar@gmail.com

OPEN ACCESS  This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.

This study has been presented in Turkiye 30th National Pathology Congress, 20–23 May 2020 (Online).

http://orcid.org/0000-0002-6444-0932
http://orcid.org/0000-0002-0773-2824
http://orcid.org/0000-0002-6746-6599


Turk J Oncol 2024;39(2):153–166
doi: 10.5505/tjo.2024.4254

154

INTRODUCTION

Invasive breast carcinoma (IBC) is the most com-
mon tumor in women.[1] According to Estrogen Re-
ceptor (ER), Progesterone Receptor (PR), and HER2 
status, IBCs are divided into molecular subtypes such 
as luminal A, luminal B, HER2 expressing type, and 
triple-negative BC (TNBC).[2] Treatment options in-
clude surgery, radiotherapy, hormonal therapy, che-
motherapy, and targeted therapy for the specific sub-
types, particularly. Indeed, immune therapy is a novel 
option for BC patients.

Immunotherapy has been applied for the treat-
ment of some cancers, and many studies have been 
conducted about it in recent years. It aims to increase 
the immune cells’ effect while targeting checkpoints 
such as cytotoxic T lymphocyte-associated protein-4 
(CTLA-4) and programmed death ligand-1 (PD-L1).
[3] The mechanisms of checkpoint blockers prevent 
cancer cells from escaping immune cells and boost 
immune cells’ activity. High PD-L1 rates provide a 
suitable environment for tumor proliferation. In many 
cancers, programmed cell death-1 (PD-1) has been 
found on the surface of tumor-infiltrating lympho-
cytes (TILs), and its ligand (PD-L1) on the surface of 
tumor cells. Inflammatory cytokines and immune re-
sponse against tumor cells increase by using the mol-
ecules that inhibit the PD-1/PD-L1 axis.[4] PD-L1 ex-
pression was found higher in subtypes such as TNBCs 
and HER2 expressing IBCs. Thus, these subtypes of 
IBCs are novel candidates for immunotherapy.[5–7] 
We herein aimed to determine the prognostic impor-
tance of PD-L1 expression and its relationship with 
clinicopathological parameters in IBCs.

MATERIALS AND METHODS

Patients
This study was approved by the local university ethics 
committee (Date: 07/03/2018, Decision no: 89616).

The study included 391 cases who underwent 
breast-conserving surgery or mastectomy in our uni-
versity hospital, were diagnosed with invasive IBC, and 
had at least 5 years of follow-up between 2000 and 2012. 
Cases that had neoadjuvant therapy, a tumor <0.4 cm, 
and the presence of <2 paraffin blocks were excluded.

Clinicopathologic parameters (age, gender, surgery 
type, histologic type, grade, grade scores, tumor size, in-
situ component, stromal and inflammatory reactions 
grouped as mild, moderate, and dense, lymphovascu-

lar invasion (LVI), perineural invasion (PNI), lymph 
node (LN) status, ER, PR, HER2, and Ki-67) were re-
corded according to the WHO-2019 classification[1] 
and modified Bloom-Richardson system.[8] Follow-up 
information was noted from the oncology archive files.

Tissue Microarray (TMA) Construction
Invasive tumor areas without necrosis and close to pe-
ripheral TILs were identified on Hematoxylin and Eo-
sin-stained slides. 397 samples sized 0.4 cm were taken 
from tumor blocks and transferred to TMA blocks.

Immunohistochemistry
The immunohistochemical staining was performed by 
an automatic device (Ventana Benchmark XT, Ventana 
Medical Systems, Tucson, Arizona) with the optiview 
DAB IHC detection kit and the antibody of PD-L1 
sp263 clone.

34 cores on TMA slides were excluded due to miss-
ing during the staining process. Cores that were half-
missed but comprised at least 200 tumor cells were in-
cluded in the study.

On each slide, tonsil tissue provided information 
about staining density, scored as 0 (no staining), 1 
(low), 2 (moderate), and 3 (high). Staining density was 
also scored from 0 (no staining) to 3 (Fig. 1). Com-
plete/incomplete membranous staining of invasive tu-
mor cells and inflammatory cells, such as lymphocytes 
and macrophages, was evaluated for staining density 
and percentage individually (Fig. 1). Up to 1% and 
weakly staining were accepted as negative. Nuclear 
staining, endothelial staining, in-situ carcinoma areas, 
and artifacts were excluded.

Statistical Analysis
SPSS (Statistical Package for the Social Sciences, Chi-
cago, IL, USA) 21.0 was utilized for statistical analyses. 
Descriptive statistics were expressed as mean, stan-
dard deviation, median, minimum, and maximum 
values for quantitative parameters, while numbers 
and percentages were calculated for non-quantitative 
parameters. The Kolmogorov-Smirnov and Shapiro-
Wilk tests were used for data distribution. The Mann-
Whitney U and Chi-Squared tests were exploited for 
comparing non-parametric data. The binary logistic 
regression test was used in the analysis of statistically 
significant data. Kaplan-Meier survival curves and 
Log-rank statistics (Mantel Cox) were utilized for 
survival analyses. Later on, the Cox proportional haz-
ards model was performed for multivariable regres-
sion analysis. The confidence interval was accepted as 
95%, and p<0.05 was considered significant.
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RESULTS

Demographics of Patients and Tumor Charac-
teristics
TMA blocks consisted of 397 core samples belonging 
to 391 cases. Four patients had bilateral IBCs. One case 
had two separate foci in both breasts four years apart. 
Another case had two distinct tumors, but one was de-
pleted during the laboratory process. Finally, 363 cores 
from 358 cases were examined.

The mean age was 51.4 (min-max 28–87, median 
50), and these results were similar in females. There were 
four males (1.1%), and the mean age was lower than that 
of females at 43.5 (min-max 33–55, median 43).

Surgery types were as follows: 169 (46.6%) mod-
ified radical mastectomy, 146 (40.2%) partial mas-
tectomy, and 48 (13.2%) simple mastectomy. There 

were 185 (51%) right and 178 (49%) left breast in-
volvements.

Most cases had a single tumor focus (294; 80.9%), 
and the mean size was 2.66±1.57 (min-max 0.5–14cm, 
median 2.5) cm. The most frequent histological type 
was IBC- no special type (IBC-NST), and 308 (84.8%) 
cases also had in-situ carcinoma. Axillary LN metastasis 
was in 211 (58.1%) cases. Sentinel LNs were examined 
in 184 cases, and 50% were positive (Table 1). ER was 
positive in 287 (79.1%) cases, while PR was positive in 
258 (71.1%). For both ER and PR, 248 (68.3%) cases were 
positive, while 323 (89%) cases were positive for just one. 
HER2 was immunohistochemically performed in 321 
cases. Some were examined by Silver In Situ Hybridiza-
tion (SISH), and 69 (21.5%) ones were positive for HER2 
(Table 2). Ki-67 was examined in 95 cases, and the mean 
Ki-67 score was 31.15% (min-max 0–92%, median 24%).

Fig. 1. Immunohistochemical staining for PD-L1 SP263: Incomplete weak (yellow arrow) and complete weak (blue arrow) 
staining in tumor cells. (a) Intermediate (green arrow) and strong (red arrow) staining in tumor cells. (b) Weak (blue 
arrow) and intermediate (yellow arrow) staining in TILs. (c) Intermediate (red arrow) and strong (yellow arrow) 
staining in TILs. (d) (IHC×400).

a

c

b

d
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Survival analyses were performed on 356 cases: 66 
(18.5%) dead, 290 (81.4%) alive. The mean follow-up 
period was 101.8 (21–255, median 94.5) months. Re-

currence analyses were performed on 358 cases. Eighty-
eight (24.6%) cases had a recurrence, and the mean re-
currence time was 60.9 (0–167, median 60) months.

Table 1 Distribution of the cases according to clinicopathologic  parameters

Clinicopathologic  parameters n %

Histological type
 IBC-NST 276 76.0
 Invasive lobular carcinoma 14 3.9
 Tubular carcinoma 1 0.3
 Muscinous carcinoma 3 0.8
 İnvasive apocrine carcinoma 2 0.6
 İnvasive micropapillary carcinoma 1 0.3
 Metaplastic carcinoma 2 0.6
 Mixt carcinoma 64 17.6
Histologic grade
 I  12 3.3
 II  205 56.5
 III  146 40.2
Parameters of modifiye Bloom-Richardson System
 Tubulus formation
  Score 1 5 1.4
  Score 2 72 19.8
  Score 3 286 78.8
 Pleomorphism
  Uniform cells 2 0.6
  Moderate pleomorphism 161 44.4
  Prominent pleomorphism 200 55.1
 Mitosis
  1–9/ 10 HPF 152 41.9
  10–19/10 HPF 153 42.1
  >20/10 HPF 58 16
Stromal response
 Low 38 10.5
 Moderate 246 67.8
 Severe 79 21.8
Inflammatory response
 Low 274 75.5
 Moderate 76 20.9
 Severe 13 3.6
Perineural invasion
 Present 107 29.5
 No  256 70.5
Lymphovascular invasion
 Present 183 50.4
 No  180 49.5
Axillary lymph node metastasis
 Present 211 58.1
 No  152 41.9
Sentinel lymph node metastasis*
 Present 92 50.0
 No  92 50.0
Total  363 100.0

*: Sentinel lymph node examination was performed for 184 cases. IBC-NST: Invasive BC- no special type; HPF: High Power Field
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PD-L1 Expression
90 (24.7%) of 363 tumor cores showed PD-L1 posi-
tivity: 35 in both tumor and immune cells, and 55 in 
only immune cells (Fig. 2). In 328 cores, tumor cells 
were negative for PD-L1: 316 were completely negative, 
while 12 showed <1% staining (Table 3).

Most tumors had heterogeneous staining patterns in 
terms of complete and incomplete membranous stain-

ing (Fig. 1). Staining rates of complete patterns varied 
between 1–60%, and it was detected in 40% (n=14) of 
cases. Staining rates of incomplete patterns were het-
erogeneous between 40–99%, and this pattern was ob-
served in 60% (n=21) of cases. In 32 cases, staining was 
entirely (100%) incomplete without including any com-
plete membranous positivity. All cores were also stained 
heterogeneously in terms of staining density (Fig. 3).

Relationship of PD-L1 Expression with Clinico-
pathological Parameters and Survival
The correlation between PD-L1 expression and clini-
copathological parameters was summarized in Table 
4. PD-L1 positivity was significantly higher in grade 
III tumors (p<0.001). The cases with high scores for 
pleomorphism and mitosis showed higher PD-L1 pos-
itivity, but tubule formation was not correlated with 
PD-L1 expression (p<0.001, p<0.001, p=0.076). PD-L1 
was significantly higher in cases with a mild stromal 
response, dense immune response, no PNI, and neg-
ative LNs (p<0.001, p<0.001, p=0.045, p=0.041). No 
relationship was found with patient age, gender, tu-
mor size, histological type, and LVI (p=0.984, p=0.089, 
p=0.122, p=0.082, p=0.806).

The year of diagnosis and PD-L1 expression weren’t 
correlated (p=0.127); however, when years were di-
vided into four groups, the PD-L1 positivity ratio 
was lower in older years (2000–2002: 5%, 2004–2006: 
12.7%, 2007–2009: 31.7%, 2010–2012: 50.7%).

PD-L1 positivity was higher in ER-negative, PR-
negative, and HER2-positive cases (p<0.001, p<0.001, 
p<0.001). Ki-67 was higher in PD-L1 positive cases 
(p=0.001). When we classified the cases as “Luminal 

Table 2 Hormone receptors and HER2 status

   n %

ER
 Negative 76 20.9
 Weak positive 40 11.0
 Moderate positive 94 25.9
 Strong positive 153 42.1
PR
 Negative 105 28.9
 Weak positive 29 8.0
 Moderate positive 70 19.3
 Strong positive 159 43.8
HER2 (IHC)*
 0 (Negative) 116 36.1
 1 (Negative) 67 20.9
 2 (Equivocal) 78 24.3
 3 (Positive) 60 18.7
HER2 (IHC and SISH)*
 Negative 252 78.5
 Positive 69 21.5
Total  363 100.0

*HER2 status was evaluated in 321 cases. ER: Estrogen Receptor; PR: Proges-
terone Receptor; IHC: Immunohistochemistry; SISH: Silver In Situ Hybridization

Fig. 2. Distribution of PD-L1 expression among cells.
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A (ER+, PR+, HER2-), Luminal B (ER/PR+, HER2-), 
HER2 expressing type (ER-, PR-, HER2+) and TNBC 
(ER-, PR-, HER2-)”, TNBC and HER2 expressing types 
showed higher PD-L1 positivity (p<0.001).

Among logistic regression analysis, PD-L1 positiv-
ity was correlated with stromal and immune response 
and loss of HER2 expression (Table 5).

However, PD-L1 expression had no relationship 
with overall survival (OS) or disease-free survival 
(DFS) (p=0.157, p=0.160) (Fig. 4, 5).

DISCUSSION

In BCs, the response to immunotherapy seems better 
than chemotherapy in some tumors expressing PD-L1; 

however, there is no standard approach yet regarding 
the suitable antibody clone and cut-off value.[9] To un-
derstand which cases are convenient for this therapy, 
IHC is the most widely used method to determine 
PD-L1 expression in tumoral and immune cells such 
as macrophages and lymphocytes. However, many 
variables affect PD-L1 expression. The PD-1/PD-L1 
signaling pathway is part of normal immunity and is 
induced by T lymphocyte activation, which is more 
pronounced in long-term inflammation. Therefore, the 
PD-L1 evaluation area should not have an old biopsy 
site and a chronic inflammatory process. Besides, IHC 
results may vary depending on the fixation solution 
and time.[10] For accurate results, the cold ischemia 
time (time to fixation) should be <30 minutes and 
should not exceed 1 hour. It is known that the most 

Fig. 3. The heterogeneous staining pattern in tumor cells for PD-L1 SP263 (H&E and 
IHC ×20).

  Negative  Weak (1)  Intermediate Strong 
      (2)   (3)

  n % n % n % n %

Tumor cells 316 87 45* 12.4 11 3 4 1.2
Immune cells 273 75.2 88 24.2 12 6.1 9 2.5

*: 12-cases stained <1%.

Table 3 PD-L1 expression in tumor and tumor related immune cells

   PD-L1 negative   PD-L1 positive

  n  % n  %

Tumor cells 328  90.4 35  9.6
Immune cells 273  75.2 90  24.8
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Table 4 Relationship of PD-L1 expression with clinicopathological parameters

Clinicopathological  PD-L1   PD-L1  p 
parameters  negative   positive 

  n  % n  %

Histologic grade
 I 12  100 -  - <0.001
 II 174  84.9 31  15.1 
 III 87  59.6 59  40.4 
Tubulus formation (score)
 1 5  100 -  - 0.076
 2 60  83.3 12  16.7 
 3 208  72.7 78  27.3 
Pleomorphism (score)
 1 2  100 -  - <0.001
 2 138  85.7 23  14.3 
 3 133  66.5 67  33.5 
Mitotic rate (score)
 1 130  85.5 22  14.5 <0.001
 2 120  78.4 33  21.6 
 3 23  39.7 35  60.3 
Stromal response
 Mild 20  52.6 18  47.4 <0.001
 Intermediate 183  74.4 63  25.6 
 Dense 70  88.6 9  11.4 
Immune response
 Mild 234  85.4 40  14.6 <0.001
 Intermediate 36  47.4 40  52.6 
 Dense 3  23.1 10  76.9 
Perineural invasion
 Absent 185  72.3 71  27.7 0.045
 Present 88  82.2 19  17.8 
Lymphatic invasion
 Absent 136  76.0 44  24.5 0.806
 Present 137  74.9 46  25.1 
Lymph node metastasis
 Absent 106  69.7 46  30.3 0.041
 Present 167  79.1 44  20.9 
ER
 Negative 33  43.4 43  56.6 <0.001
 Positive 240  83.6 47  16.4 
PR
 Negative 59  56.2 46  43.8 <0.001
 Positive 214  82.9 44  17.1 
HER2*
 Negative 205  81.3 47  18.7 <0.001
 Positive 34  49.3 35  50.7 
Molecular subtypes
 Luminal A 160  89.4 19  10.6 <0.001
 Luminal B 245  83.6 48  16.4 
 Triple Negative 15  39.5 23  60.5 
 HER2 9  37.5 15  62.5 
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ideal fixative is 10% buffered formalin, and the fixation 
time is recommended as 6–48 hours for core needle bi-
opsies and 24–48 hours for excision materials. Poliou-
daki et al.[11] showed that long or short fixation with 
Triton X can disrupt the membranous staining of PD-
L1, and staining may occur in the ER-golgi zone. Kai 
et al.[10] showed that there was no significant change 
in PD-L1 staining after fixation for up to 1 week, but 
PD-L1 became negative in 1 case after fixation longer 
than three months. To minimize differences in fixation, 
we excluded the consultation cases. Moreover, the age 
of the paraffin block is another important factor. In a 
study about gastric adenocarcinomas, PD-L1 positivity 
was lower in materials older than 42 days.[12] In our 
study, the positivity rate decreased in the old years, but 
it wasn’t significant statistically.

On the other hand, the evaluation of PD-L1 by 
IHC is still in process and has many varieties regard-
ing the originated organ, cell types, clone of the anti-
body, and therapy agent. In gastric carcinomas, cyto-
plasmic staining was also considered positive.[13] The 
International Association for the Study of Lung Can-
cer (IASLC) considers positive different cut-off values 

among agents and any intensity of complete or partial 
membranous staining in tumor cells. The cut-off value 
was considered as ≥25% staining in tumor cells for the 
SP263 clone in the cases under Durvalumab treatment, 
while recommended reporting ranges such as <1%, 
1–5%, 5–10%, and >10% for the cases under Nivolum-
ab treatment.[14] In BCs, there is no cut-off value 
determined according to different drugs or antibody 
clones.[15] Since there was no standardized cut-off 
value, we noted all the staining and accepted the cut-off 
value as “1%”, which is the lowest value that determines 
whether the patient with lung carcinoma will receive 
treatment. Thus, we considered 12 cases with a stain-
ing rate <1% as negative. Besides, in our three cases, 
nuclear positivity in tumor cells was excluded. PD-L1 
can also be expressed in endothelium, fibroblasts, and 
nerve cells; even if its reason is unknown, it can be used 
as an internal positive control.[16] In our series, there 
was endothelial staining in one case.

We excluded cytological material or small biopsies 
and included cases with complete removal of tumor 
tissue. Even if TMA samples were evaluated in our 
study, the staining was heterogeneous in all our posi-

Table 4 Cont.

Clinicopathological  PD-L1   PD-L1  p 
parameters  negative   positive 

  n  % n  %

Year of the diagnosis
 2000 2  50.0 2  50.0 0.127
 2001 4  80.0 1  20.0 
 2002 2  66.7 1  33.3 
 2003 4  66.7 2  33.3 
 2004 9  90.0 1  10.0 
 2005 18  90.0 2  10.0 
 2006 8  50.0 8  50.0 
 2007 22  81.5 5  18.5 
 2008 32  86.5 5  13.5 
 2009 38  74.5 13  25.5 
 2010 46  67.6 22  32.4 
 2011 41  70.7 17  29.3 
 2012 47  81.0 11  19.0 
Survival**
 Dead 62  93.9 4  6.1 0.157
 Alive 261  90.0 29  10.0 
Recurrence
 Present 71  80.7 17  19.3 0.160
 Absent 199  73.7 71  26.3 
Total 273  75.2 90  24.8 

*: 321 cases were known for HER2 status; **: Survival analysis was performed on 356 cases.
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tive cases for both tumor cells and immune cells. Dill 
et al.[17] similarly found heterogeneity and accepted 
that a >50% cut-off value as diffuse positivity. How-
ever, some studies reported that PD-L1 expression 
in tumor cells and TILs were parallel. Zhou et al.[18] 
found that PD-L1 positivity rates were similar in tu-
mor cells and TILs in IBCs.

Regarding the relation of PD-L1 expression and 
histomorphologic features, some studies showed that 
PD-L1 was expressed in IBC with medullary fea-
tures and in tumors with apocrine and metaplastic 
features.[19] We couldn’t find a correlation between 
specific histological types. Nevertheless, in our study, 
PD-L1 expression increased as the histological grade 
increased. PD-L1 positivity in grade III tumors was 
significantly higher, as in the literature.[6,15,17–23] It 
also increased as pleomorphism and mitosis increased. 

Similarly, Zawlik et al.[22] found that PD-L1 expres-
sion increased in high-grade IBCs. In addition, PD-L1 
positivity increased in cases whose Ki67 proliferation 
index was above the median value, similar to some 
studies.[15,18,21,24]

Higher PD-L1 expression in HER2 expressing IBC 
and TNBCs, which are known as worse prognostic 
subtypes, was shown in many studies. Parallelly in our 
study, PD-L1 expression was significantly correlated 
with ER/PR negativity and HER2 positivity and was 
higher in the same subtypes of IBCs. In one study, PD-
L1 mRNA level was lower in ER-α positive IBCs. In 
this study, performed in cell cultures of TNBCs, PD-L1 
mRNA level decreased in the presence of ectopic ER-α 
expression.[25] Similar results were obtained in several 
studies showing the correlation of ER and PR status 
with PD-L1.[6,17–19,21,26]

Table 5. Logistic regression analysis results of PD-L1 expression and clinicopathological parameters

  B SE Wald Sig. OR  Cl 95%

       Lower  Upper

Perineural invasion       
 Absent       
 Present –0.203 0.381 0.284 0.594 0.816 0.387  1.721
Regional lymph node metastasis       
 Absent       
 Present –0.293 0.377 0.602 0.438 0.746 0.356  1.563
ER       
 Negative       
 Positive –0.753 0.513 2.158 0.142 0.471 0.172  1.286
PR       
 Negative       
 Positive –0.424 0.44 0.927 0.336 0.654 0.276  1.551
HER2       
 Negative       
 Positive 1.446 0.366 15.601 <0.001* 4.246 2.072  8.701
Stromal response       
 Mild (ref )       
 Intermediate –0.977 0.49 3.978 0.046* 0.376 0.144  0.983
 Dense –2.074 0.631 10.787 0.001* 0.126 0.036  0.433
Immune response       
 Mild (ref )       
 Intermediate 1.598 0.372 18.4 <0.001* 4.942 2.381  10.255
 Dense 3.184 0.966 10.859 0.001* 24.132 3.633  160.306
Histologic grade       
 1 (ref )       
 2 –20.698 11401.192 0 0.999 0 0  .
 3 0.164 0.403 0.166 0.684 0.849 0.385  1.869
 Constant 0.063 0.702 0.008 0.928 0.939

R²=0.31(Cox&Snell) 0,46(Nagelkere) χ2 =118,846, p<0,001;  *: p<0,05. B: Beta; SE: Standard error; Sig.: Significance; OR: Odds ratio; CI: Convidence interval
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PD-L1 expression in TILs was also reported as sig-
nificant.[27,28] The “TIL Working Group” proposed 
some criteria to determine TIL rate, and according 
to these criteria, it was demonstrated that a high TIL 
rate, tertiary lymphoid structures, and PD-L1 expres-
sion were seen in more aggressive tumors.[27,29] In 
our study, cases with the presence of dense TILs had 
higher PD-L1 expression. An increased level of PD-
L1 expression in TILs was also shown to be predictive 
for neoadjuvant therapy and prognostic for adjuvant 
therapy.[28] Noske et al.[26] found that PD-1 and PD-
L1 (sp263) expression was associated with TILs density 
in 1318 BCs, and the TILs rate was higher in TNBCs 
and HER2 expressing types. In another study includ-
ing 180 cases with neoadjuvant therapy, a correlation 
was found between PD-1/PD-L1 expression, high TILs 
rate, and complete regression. Additionally, PD-L1 ex-
pression was found mostly in TNBCs.[30] In vimen-
tin-expressing invasive IBCs, it was found that stromal 
TILs increased and PD-L1 expression decreased.[31]

The presence and density of TILs had prognostic 
significance in HER2 expressing and TNBCs.[32] In 
particular, TNBCs were reported as the most immuno-
genic BCs and had a significant relationship between 
TILs and prognosis. They are also the most potent 
candidates for immunotherapy because of higher PD-
L1 expression.[5,7] It was shown that when TILs were 
grouped as low (<10%), moderate (10–50%), and in-
tense (>50%), the prognosis was better with adjuvant 
treatment in TNBCs with intense TILs, but this wasn’t 

detected in HER2-expressing cases. In this group, the 
presence of TILs after neoadjuvant therapy was associ-
ated with complete remission and a positive prognostic 
finding, but it wasn’t statistically significant.[33] Mori et 
al.[34] found a high TILs rate in 46.7% of TNBCs, how-
ever, couldn’t demonstrate its prognostic significance. 
In studies on molecular subtypes, a high TILs rate 
was also found in the HER2-expressing type and this 
rate was associated with PD-L1 expression.[9,21,35] A 
higher TILs rate was associated with a good progno-
sis in TNBCs, but the prognostic significance of TILs 
couldn’t be demonstrated in HER2-expressing tumors.
[35] In the KEYNOTE 028 study performed on ER+ 
BCs, PD-L1 positivity was 19% in ER+HER2- cases, 
PD-L1 expression decreased as ER positivity increased, 
and PD-L1 expression was higher in luminal B.[36]

Hou et al.[6] found that PD-L1 expression was asso-
ciated with negative LNs in HER2-expressing tumors. 
Bae et al.[21] obtained a similar result in 465 BCs. Our 
results were consistent with them. On the contrary, 
Soliman et al.[37] found higher PD-L1 expression in 
cases with LN metastasis. Also, while Karnik et al.[15] 
found a correlation between PD-L1 expression and 
lymphatic invasion, we couldn’t find it.

Our study included three cases who underwent 
synchronous bilateral breast surgery. In two cases, 
PD-L1 was negative in both tumors and TILs in both 
breasts. In the other case, there was 1% weak staining 
in both tumor cells and TILs in the larger tumor (4.5 
cm, grade III) and 10% staining in TIL in the other BC 

Fig. 4. Overall survival in terms of PD-L1 expression. Fig. 5. Disease-free survival in terms of PD-L1 expression.
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focus (0.8 cm, grade II). This may be due to the limi-
tation of sampling or differences in PD-L1 expression 
according to tumor size and grade. Indeed, considering 
all our cases, there also was no significant relationship 
between tumor diameter and PD-L1 expression, as in 
the literature.[15,18,21]

In one of our cases, both breasts were operated on 
for IBC-NST (HER2+, ER-, PR-) with an interval of two 
years: On one side, there was no PD-L1 expression in 
tumor cells, whereas 10% weak positivity in TILs (4 cm, 
grade II). In the other breast, there was 2% weak staining 
in tumor cells and 20% in TILs (1.7 cm, grade III). This 
result may be due to treatment. Although PD-L1 levels 
were found to be high in patients treated with Trastu-
zumab, a direct relationship between HER2 and PD-L1 
was not reported in the Cancer Genome Atlas.[38]

In BCs, the prognostic importance of PD-L1 is 
controversial. In some studies, as PD-L1 expression 
increased, survival decreased.[39,40] PD-L1 expres-
sion was also found to be associated with poor prog-
nostic parameters such as large tumor size, higher 
grade, ER/PR negativity, and HER2 positivity.[41,42] 
In a study including 5454 BCs, Sabatier et al.[19] 
found that PD-L1 had no prognostic significance; 
however, survival increased as PD-L1 expression in-
creased in basal-type cancers.

The density of TILs is also effective in survival. TILs 
are grouped as low, medium, and intense, according 
to density.[29] In a study grouping the proportion of 
stromal lymphocytes according to a 30% cut-off value, 
a low lymphocyte ratio was associated with shorter re-
currence time but had no effect on OS. Considering 
the PD-L1 staining rates, the cases with more PD-L1 
positive lymphocytes had a worse prognosis.[43] We 
couldn’t obtain significant results in terms of TILs den-
sity in survival analyses.

Schmid et al.[44] evaluated the immune cells in-
filtrating the tumor for PD-L1 SP142 in metastatic 
TNBCs. In the PD-L1 positive group, 1-year DFS was 
29.1% in cases receiving chemotherapy+atezolizumab, 
and 16.4% in those receiving chemotherapy+placebo. 
OS was 25 and 15.5 months, respectively. In pilot ap-
plications and phase I-II studies on BCs, immunother-
apy was applied as a single agent blocking the PD-1/
PD-L1 axis or in combination with chemotherapy as 
an adjuvant or neoadjuvant therapy.[44–46] In these 
studies, responses ranged from complete remission to 
stabilization of the disease for a while. These studies 
included limited cases and had many differences such 
as patient characteristics, antibody clones, evaluation 
criteria, and cut-off values.

In a meta-analysis, there was no correlation be-
tween patient age and PD-L1 expression similar to our 
study.[20] In addition, we detected that PD-L1 expres-
sion was similar in both genders. This result may be 
since there were only 4 males in our series. However, in 
a study, PD-1 and PD-L1 expressions were compared 
in 165 male and 246 female BCs, and no important dif-
ference was found, but less PD-1 expression was de-
tected in male BCs.[23]

We couldn’t find a statistically significant relation-
ship between PD-L1 expression and survival such 
as Li et al.[47] Even if we couldn’t find a significant 
correlation between OS/DFS, PD-L1-expressed cas-
es had better survival. Moreover, Beckers et al.[48] 
showed OS increased as PD-L1 expression increased, 
particularly in the presence of TILs. In another study 
including TNBCs, PD-1 positive immune cells had 
a greater effect on DFS/OS.[49] In another study in-
cluding TNBCs, DFS/OS were longer in the presence 
of PD-L1.[24] On the contrary, in a study including 
21 cases with BCs during pregnancy, PD-L1 expres-
sion was associated with poor prognosis, and even 
PD-L1 expression in tumor cells was an independent 
factor in terms of DFS/OS.[50]

Limitations of the Study
As a method, TMA studies facilitate the evaluation of 
many cases at the same time and produce quite impor-
tant results. On the other hand, it should not be for-
gotten that evaluation is limited to a small area. Par-
ticularly in the case of having heterogeneous results 
in the same case, evaluation of TMA may lead to false 
positive or negative results. Even if the tumor samples 
were obtained 0.4 cm in size in our study, the limited 
sampling may not be representative of the entire tumor, 
and positive cells may not be detected in the sampled 
part due to the heterogeneous staining of PD-L1. We 
herein found a correspondence between better OS/
DFS and PD-L1 expression with an insignificant p-
value. However, we couldn’t compare the treatments in 
detail. Our results might be affected due to the pres-
ence of any difference in treatments or accompanied 
diseases of the patients. In our series, there were some 
limitations due to lower numbers. The number of rare 
conditions such as male BC, synchronous tumors, 
and examined tumors with close metastasis within a 
couple of years were limited. Also, even if we found a 
contradiction between old paraffin age and PD-L1 ex-
pression, the number of older age paraffin blocks was 
lower than recent blocks. These conditions with lower 
numbers should be examined with larger series.
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CONCLUSION

In our study, PD-L1 expression was correlated with 
ER/PR negativity, HER2 positivity, Ki-67 value, mito-
sis, high grade, negative LN, HER2-expressing type, 
and TNBCs. PD-L1 expression increased as immune 
cells’ density increased.

We couldn’t show any significant effect of PD-L1 ex-
pression on survival. Many parameters may cause this 
result. Decreasing PD-L1 positivity in materials be-
longing to older years suggests that the material should 
be examined more up-to-date and fresh. Differences 
between treatments, IHC antibodies, and evaluation 
methods may cause false negative or positive results. 
PD-L1 assessment needs standardization.

Although immunotherapy prolongs the survival of 
cancer patients, it would be an ideal treatment when it 
could only target the tumor and not be systemic. Fur-
ther studies and finding other target points are needed.

Ethics Committee Approval: The study was approved by 
the Istanbul University-Cerrahpasa Faculty of Medicine  
Ethics Committee (no: 89616, date: 07/03/2018).
Authorship contributions: Concept – R.A., H.D., Ş.İ.; De-
sign – R.A., H.D., Ş.İ.; Supervision – R.A., H.D., Ş.İ.; Funding 
– Ş.İ.; Materials – R.A.; Data collection and/or processing – 
R.A.; Data analysis and/or interpretation – R.A., Ş.İ.; Liter-
ature search – R.A., Ş.İ.; Writing – R.A., H.D., Ş.İ.; Critical 
review – R.A., H.D., Ş.İ.
Conflict of Interest: All authors declared no conflict of in-
terest.
Use of AI for Writing Assistance: None.
Financial Support: This study has been supported by Istan-
bul University (IU-BAP no: TTU-2018-30597).
Peer-review: Externally peer-reviewed.

REFERENCES

1. Rakha A, Allison KH, Ellis IO, Horii R, Masuda S, 
Penault-Llorca F. Invasive breast carcinoma. In: Alli-
son KH, Brogi E, Ellis IO, Fox SB, Morris EA, Sahin 
A, editors. WHO Classification of Tumours: Breast 
Tumours. 5th ed. Lyon: IARC; 2019. p. 82–138.

2. Hicks GD, Lester CS. Diagnostic Pathology: Breast. 2nd 
ed. Philadelphia: Elsevier; 2016.

3. Sukari A, Nagasaka M, Al-Hadidi A, Lum LG. Can-
cer immunology and immunotherapy. Anticancer Res 
2016;36(11):5593–606. 

4. Pardoll DM. The blockade of immune checkpoints in can-
cer immunotherapy. Nat Rev Cancer 2012;12(4):252–64.

5. Gregório AC, Lacerda M, Figueiredo P, Simões S, Dias 
S, Moreira JN. Therapeutic implications of the molec-
ular and immune landscape of triple-negative breast 
cancer. Pathol Oncol Res 2018;24(4):701–16.

6. Hou Y, Nitta H, Wei L, Banks PM, Lustberg M, We-
solowski R, et al. PD-L1 expression and CD8-pos-
itive T cells are associated with favorable survival 
in HER2-positive invasive breast cancer. Breast J 
2018;24(6):911–9.

7. Kwa MJ, Adams S. Checkpoint inhibitors in triple-neg-
ative breast cancer (TNBC): Where to go from here. 
Cancer 2018;124(10):2086–103.

8. Elston CW, Ellis IO. Pathological prognostic factors 
in breast cancer. I. The value of histological grade in 
breast cancer: Experience from a large study with long-
term follow-up. Histopathology 2002;41(3A):154–61.

9. Wein L, Luen SJ, Savas P, Salgado R, Loi S. Checkpoint 
blockade in the treatment of breast cancer: Current sta-
tus and future directions. Br J Cancer 2018;119(1):4–11.

10. Kai K, Yoda Y, Kawaguchi A, Minesaki A, Iwasaki H, 
Aishima S, et al. Formalin fixation on HER-2 and PD-
L1 expression in gastric cancer: A pilot analysis using 
the same surgical specimens with different fixation 
times. World J Clin Cases 2019;7(4):419–30.

11. Polioudaki H, Chantziou A, Kalyvianaki K, Malam-
os P, Notas G, Mavroudis D, et al. Nuclear localiza-
tion of PD-L1: Artifact or reality? Cellular Oncology 
2019;42(2):237–42.

12. Fashoyin-Aje L, Donoghue M, Chen H, He K, Veer-
araghavan J, Goldberg KB, et al. FDA approval sum-
mary: Pembrolizumab for recurrent locally advanced 
or metastatic gastric or gastroesophageal junction 
adenocarcinoma expressing PD-L1. Oncologist 
2019;24(1):103–9.

13. Gu L, Chen M, Guo D, Zhu H, Zhang W, Pan J, et al. PD-
L1 and gastric cancer prognosis: A systematic review 
and meta-analysis. PLoS One 2017;12(8):e0182692.

14. Tsao MS, Kerr MK, Dacic S, Yatabe Y, Hirsch FR. 
IASLC Atlas of PD-L1 immunhistiochemitry testing 
in lung cancer. North Fort Myers: Editorial Rx Press; 
2017.

15. Karnik T, Kimler BF, Fan F, Tawfik O. PD-L1 in breast 
cancer: Comparative analysis of 3 different antibodies. 
Hum Pathol 2018;72:28–34.

16. Parra ER, Villalobos P, Rodriguez-Canales J. The mul-
tiple faces of programmed cell death ligand 1 expres-
sion in malignant and nonmalignant cells. Appl Im-
munohistochem Mol Morphol 2019;27(4):287–94.

17. Dill EA, Gru AA, Atkins KA, Friedman LA, Moore 
ME, Bullock TN, et al. PD-L1 Expression and intratu-
moral heterogeneity across breast cancer subtypes and 
stages. Am J Surg Pathol 2017;41(3):334–42.

18. Zhou T, Xu D, Tang B, Ren Y, Han Y, Liang G, et al. 
Expression of programmed death ligand-1 and pro-



165Akpınar et al.
PD-L1 Expression in Breast Carcinomas

grammed death-1 in samples of invasive ductal carci-
noma of the breast and its correlation with prognosis. 
Anticancer Drugs 2018;29(9):904–10.

19. Sabatier R, Finetti P, Mamessier E, Adelaide J, Chaf-
fanet M, Ali HR, et al. Prognostic and predictive val-
ue of PDL1 expression in breast cancer. Oncotarget 
2015;6(7):5449–64.

20. Wang C, Zhu H, Zhou Y, Mao F, Lin Y, Pan B, et al. 
Prognostic value of PD-L1 in breast cancer: A me-
ta-analysis. Breast J 2017;23(4):436–43.

21. Bae SB, Cho HD, Oh MH, Lee JH, Jang SH, Hong SA, 
et al. Expression of programmed death receptor ligand 
1 with high tumor-infiltrating lymphocytes is associ-
ated with better prognosis in breast cancer. J Breast 
Cancer 2016;19(3):242–51.

22. Zawlik I, Gablo N, Szymanska B, Pawlowska Z, 
Chudobinski C, Chalubinska-Fendler J, et al. Immune 
checkpoints in aggressive breast cancer subtypes. Neo-
plasma 2016;63(5):768–73.

23. Manson QF, ter Hoeve ND, Buerger H, Moelans CB, 
van Diest PJ. PD-1 and PD-L1 Expression in male 
breast cancer in comparison with female breast cancer. 
Target Oncol 2018;13(6):769–77.

24. Botti G, Collina F, Scognamiglio G, Rao F, Peluso V, 
De Cecio R, et al. Programmed Death Ligand 1 (PD-
L1) tumor expression is associated with a better prog-
nosis and diabetic disease in triple negative breast can-
cer patients. Int J Mol Sci 2017;18(2):459.

25. Liu L, Shen Y, Zhu X, Lv R, Li S, Zhang Z, et al. ERα 
is a negative regulator of PD-L1 gene transcription 
in breast cancer. Biochem Biophys Res Commun 
2018;505(1):157–61.

26. Noske A, Möbus V, Weber K, Schmatloch S, Weichert 
W, Köhne CH, et al. Relevance of tumour-infiltrating 
lymphocytes, PD-1 and PD-L1 in patients with high-
risk, nodal-metastasised breast cancer of the German 
Adjuvant Intergroup Node–positive study. Eur J Can-
cer 2019;114:76–88.

27. Salgado R, Denkert C, Demaria S, Sirtaine N, Klaus-
chen F, Pruneri G, et al. The evaluation of tumor-infil-
trating lymphocytes (TILs) in breast cancer: Recom-
mendations by an International TILs Working Group 
2014. Ann Oncol 2015;26(2):259–71.

28. Denkert C, Wienert S, Poterie A, Loibl S, Budczies J, 
Badve S, et al. Standardized evaluation of tumor-in-
filtrating lymphocytes in breast cancer: Results of 
the ring studies of the international immuno-on-
cology biomarker working group. Mod Pathol 
2016;29(10):1155–64.

29. Kurozumi S, Fujii T, Matsumoto H, Inoue K, Kurosu-
mi M, Horiguchi J, et al. Significance of evaluating tu-
mor-infiltrating lymphocytes (TILs) and programmed 
cell death-ligand 1 (PD-L1) expression in breast can-
cer. Med Mol Morphol 2017;50(4):185–94.

30. Kitano A, Ono M, Yoshida M, Noguchi E, Shimo-
mura A, Shimoi T, et al. Tumour-infiltrating lympho-
cytes are correlated with higher expression levels of 
PD-1 and PD-L1 in early breast cancer. ESMO Open 
2017;2(2):e000150.

31. Polónia A, Pinto R, Cameselle-Teijeiro JF, Schmitt 
FC, Paredes J. Prognostic value of stromal tumour 
infiltrating lymphocytes and programmed cell death-
ligand 1 expression in breast cancer. J Clin Pathol 
2017;70(10):860–7.

32. Swoboda A, Nanda R. Immune checkpoint blockade 
for breast cancer. Cancer Treat Res 2018;155–65.

33. Voutsadakis IA. Immune blockade inhibition in breast 
cancer. Anticancer Res 2016;36(11):5607–22.

34. Mori H, Kubo M, Yamaguchi R, Nishimura R, Osako 
T, Arima N, et al. The combination of PD-L1 expres-
sion and decreased tumor-infiltrating lymphocytes 
is associated with a poor prognosis in triple-negative 
breast cancer. Oncotarget 2017;8(9):15584–92.

35. Loi S. Tumor-infiltrating lymphocytes, breast can-
cer subtypes and therapeutic efficacy. Oncoimmunol 
2013;2(7):e24720.

36. Rugo H, Delord JP, Im SA, Ott P, Piha-Paul S, Bedard P, 
et al. Preliminary efficacy and safety of pembrolizumab 
(MK-3475) in patients with PD-L1–positive, estrogen 
receptor-positive (ER+)/HER2-negative advanced 
breast cancer enrolled in KEYNOTE-028. Cancer Res 
2016;76(4 Supplement):S5-07.

37. Soliman H, Khalil F, Antonia S. PD-L1 Expression is 
increased in a subset of basal type breast cancer cells. 
PLoS One 2014;9(2):e88557.

38. Chaganty BKR, Qiu S, Gest A, Lu Y, Ivan C, Calin GA, 
et al. Trastuzumab upregulates PD-L1 as a potential 
mechanism of trastuzumab resistance through en-
gagement of immune effector cells and stimulation of 
IFNγ secretion. Cancer Lett 2018;430:47–56.

39. Muenst S, Schaerli AR, Gao F, Däster S, Trella E, 
Droeser RA, et al. Expression of programmed death 
ligand 1 (PD-L1) is associated with poor progno-
sis in human breast cancer. Breast Cancer Res Treat 
2014;146(1):15–24.

40. Schalper KA, Velcheti V, Carvajal D, Wimberly H, 
Brown J, Pusztai L, et al. In Situ Tumor PD-L1 mRNA 
expression is associated with increased TILs and bet-
ter outcome in breast carcinomas. Clin Cancer Res 
2014;20(10):2773–82.

41. Zhang M, Sun H, Zhao S, Wang Y, Pu H, Wang Y, et al. 
Expression of PD-L1 and prognosis in breast cancer: A 
meta-analysis. Oncotarget 2017;8(19):31347–54.

42. Katz H, Alsharedi M. Immunotherapy in triple-nega-
tive breast cancer. Med Oncol 2018;35(1):13.

43. Tomioka N, Azuma M, Ikarashi M, Yamamoto M, 
Sato M, Watanabe K, et al. The therapeutic candidate 
for immune checkpoint inhibitors elucidated by the 



Turk J Oncol 2024;39(2):153–166
doi: 10.5505/tjo.2024.4254

166

status of tumor-infiltrating lymphocytes (TILs) and 
programmed death ligand 1 (PD-L1) expression in 
triple negative breast cancer (TNBC). Breast Cancer 
2018;25(1):34–42.

44. Schmid P, Adams S, Rugo HS, Schneeweiss A, Barrios 
CH, Iwata H, et al. Atezolizumab and nab-paclitaxel in 
advanced triple-negative breast cancer. N Engl J Med 
2018;379(22):2108–21.

45. Adams S, Loi S, Toppmeyer D, Cescon DW, De Lauren-
tiis M, Nanda R, et al. Pembrolizumab monotherapy 
for previously untreated, PD-L1-positive, metastatic 
triple-negative breast cancer: Cohort B of the phase II 
KEYNOTE-086 study. Ann Oncol 2019;30(3):405–11.

46. Adams S, Schmid P, Rugo HS, Winer EP, Loirat D, 
Awada A, et al. Pembrolizumab monotherapy for pre-
viously treated metastatic triple-negative breast can-
cer: Cohort A of the phase II KEYNOTE-086 study. 
Ann Oncol 2019;30(3):397–404.

47. Li X, Wetherilt CS, Krishnamurti U, Yang J, Ma Y, Sty-
blo TM, et al. Stromal PD-L1 expression is associated 
with better disease-free survival in triple-negative 
breast cancer. Am J Clin Pathol 2016;146(4):496–502.

48. Beckers RK, Selinger CI, Vilain R, Madore J, Wilmott 
JS, Harvey K, et al. Programmed death ligand 1 ex-
pression in triple‐negative breast cancer is associated 
with tumour‐infiltrating lymphocytes and improved 
outcome. Histopathol 2016;69(1):25–34.

49. Brockhoff G, Seitz S, Weber F, Zeman F, Klinkham-
mer-Schalke M, Ortmann O, et al. The presence of 
PD-1 positive tumor infiltrating lymphocytes in triple 
negative breast cancers is associated with a favorable 
outcome of disease. Oncotarget 2018;9(5):6201–12.

50. Ács B, Madaras L, Tőkés AM, Kovács AK, Kovács E, 
Ozsvári-Vidákovich M, et al. PD-1, PD-L1 and CTLA-
4 in pregnancy-related - and in early-onset breast can-
cer: A comparative study. Breast 2017;35:69–77.


