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Abstract

Background: Stromal tumor-infiltrating lymphocytes (TILs) are currently being considered as a
prognostic factor in triple-negative breast cancer (TNBC); however, their association with the tumor
immune microenvironment remains unclear. To address this knowledge gap, we aimed to evaluate
the expression and association of Programmed cell death-1 (PD-1), its ligand programmed cell death
ligand-1 (PD-L1) and lymphocyte activation gene-3 (LAG-3) checkpoint proteins with TILs in TNBC
patients treated with neoadjuvant chemotherapy (NACT). Methods: Patients (n=54; aged 24-45
years) were classified into two groups: thirty-nine received anthracycline-containing taxane- (A+T
group) and fifteen received anthracycline/taxane /carboplatin (A+T+C group) in combinations.
Immunohistochemistry (IHC) to evaluate PD-1, PD-L1 and LAG-3 expression. Stromal TIL were
assessed using hematoxylin and eosin (H&E)-stained sections from TNBC patient biopsies obtained
after NACT. Results: Among the 54 TNBC patient biopsies, PD-L1 positivity on tumor cells was
observed in twenty patients (66.67%) and was significantly associated with a larger tumor size
(p=0.036). However, The carboplatin-based NACT regimen demonstrated a higher clinical response
rate (92.31%), with significant tumor size reduction in thirty-nine patients. In the same group, PD-L1-
positive tumor cells showed significant association (p-value=0.0001) in fifteen patients with high TILs
(93.75%). There were intermediate levels of TILs among nineteen patients (100%) with LAG-3-
positive immune cells and only ten patients (25.64%) had high TIL levels (p-value=0.0001).
Conclusion: TILs are the most reliable immune markers and are significantly associated with PD-1,
PD-L1 and LAG-3 in carboplatin based NACT treated group of TNBC patients. Anti-PD-1/PD-L1 and
anti-LAG-3 therapy alone or in combination with chemotherapy may be promising treatments for a
subset of TNBC patients.

Keywords: programmed cell death-1; programmed cell death ligand-1; lymphocyte activation gene-
3; tumor-infiltrating lymphocytes; triple-negative breast cancer

1. Introduction

Breast cancer (BC) in women is an extremely heterogeneous disease. It has a high mortality and
incidence rate among all cancers in 2020 [1] Triple-negative breast cancer (TNBC) is the most

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.2376.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 December 2025 d0i:10.20944/preprints202512.2376.v1

2 of 16

aggressive subtype of BC and accounts for about 10-15% of all diagnosed breast cancer. The overall
survival of TNBC patients is worse with a high risk of distant relapse in the first 3 to 5 years [2].

Tumor-infiltrating lymphocytes (TILs) are a vital component of the cellular anticancer immune
response and are present in the tumor microenvironment. Their role is widely established in
intratumor and stromal areas as a favorable prognostic factor in both adjuvant and neoadjuvant
chemotherapy (NACT) especially in tumors with high proliferative activity such as TNBC [3,4].

In the last few decades, NACT for breast cancer treatment has increased and is now becoming a
backbone modality in clinical practice worldwide. However, a reduction in tumor size is beneficial
for assessing the response to NACT but many cancer patients fail to benefit from treatment and
clinicians are unable to predict patient response to a given regimen. Therefore, it is crucial that we
explore biomarkers for predicting patient response. Previous studies have revealed that high levels
of TILs are correlated with better long-term and short-term prognosis of TNBC patients and could
represent an important predictive factor for therapeutic response after NACT [5,6].

A growing body of research has revealed that treatment of malignancies specifically,
immunotherapy has been highly successful by blocking the immune checkpoint receptor
‘programmed cell death-1" (PD-1) and its ligands PD-L1. Both PD-1 and PD-L1 are expressed on
immune cells and cancer cells, respectively and when PD-1 binds to PD-L1, immune cells are
exhausted and their ability to target the cancer cells is affected . Although several studies have shown
promising efficacy of anti-PD-1 or anti-PDL1 immunotherapy in different cancers including TNBC
[7-10].

Additionally, previous study has shown that TILs are a source of other immune markers, such
as PD-L1 [11]. However, it is noted that despite the clinical significance of anti-PD-1/PD-L1 therapy,
resistance to this therapy remains a daunting challenge [12], highlighting the importance of further
research on other immune checkpoint and their association with TILs to permit more patients to
benefit from immunotherapy. Resistance to the therapy involves the changing of phenotypes in
cancer cells and/or in the tumor microenvironment.

Lymphocyte activating gene 3 (LAG-3) or CD 223 is another important checkpoint that is
clinically targeted; and belongs to the immunoglobulin superfamily. It is an immune checkpoint
target and is expressed on B cells, TILs, dendritic cells’ membranes and natural killer cells [13].
Furthermore, it has been shown that LAG-3 inhibits T-cell activation, homeostasis and proliferation,
and may have synergistic effects with PD-1/PD-L1 [14,15].

The immune response to the tumor varies according to the clinicopathological characteristics of
the patient and there is no clear answer to the question that which blockage will be more beneficial
for which NACT regimen. However, studies aimed at clarifying the association of TILs with PD-1,
PD-L1 and LAG3 expressions after NACT in TNBC patients with clinicopathological factors are
lacking. In this study, we investigated Immun checkpoint proteins expression in TNBC patients
by immunohistochemistry (IHC) and analyzed its relationship with TILs, to assess its prognostic
value and impact on the clinical response of TNBC patients after NACT.

2. Materials and Methods

2.1. Study Design, Setting and Subjects

In this cross-sectional study, n=54 consecutive female (aged 24-45 years) patients who were
diagnosed with TNBC (defined TNBC as when IHC for ER, PR, and HER-2 were negative) with and
without metastases at Ziauddin Hospital and Jinnah Postgraduate Medical Centre (JPMC) between
January 2021-July 2022 were included. All the TNBC patients underwent surgery following NACT.
To determine the clinical tumor stages and nodal status, a standard bilateral mammography and
ultrasound imaging of the breast prior to the start of NACT were used [16]. Patients who had a history
of other malignant tumors and did not complete NAC were excluded.
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2.2. NACT Regimen

All patients included in our study received at least four cycles of NACT regimens and were
classified into two groups: anthracycline-containing, taxane- (A+T group) and
anthracycline/taxane/carboplatin (A+T+C group) combinations. The tumor resection specimens
obtained after surgery following NACT were subjected to detailed gross examination and the size of
the tumor was measured using calipers.

All research was performed in accordance with the Declaration of Helsinki and with relevant
guidelines/regulations. Informed consent was obtained from all the participants and their legal
guardians. The study was approved by the Research Ethics Committee (ERC) of Ziauddin University
(Reference code:1730120SMBIO).

2.3. Criteria for NACT Response

All patients’ responses were assessed clinically using RECIST (Response Evaluation Criteria in
Solid Tumor) by mammography and breast ultrasonography [17]. Clinical response was assessed
after four cycles of chemotherapy (A+T and A+T+C) and at the end of the treatment. Complete
response (CR) was classified as primary tumor disappearance, partial response (PR) as a decrease in
tumor size of at least 30% of the initial lesion, progressive disease (PD) as an increase in tumor size
of at least 20% and stable disease (SD) as not classified as partial or progressive.

2.4. Histopathological Evaluation of Tumor-Infiltrating Lymphocytes (TIL)

Tissue specimens were collected during surgical resection after NACT and paraffin embedded
tissue blocks were prepared. Analysis of stromal Tumor-infiltrating lymphocytes (TILs) was
performed on a 4um section by an experienced two pathologist. All tissues were fixed in 10% buffered
formalin, paraffin-embedded and Hematoxylin—eosin-stained (H&E) sections were reviewed to
confirm the histological diagnosis according to the World Health Organization (WHO) criteria using
a light microscope at x 100-200 magnification. Histopathological assessment of the predictive factor
TILs was evaluated by the international consensus recommendations and the known clinically
relevant morphological features of inflammatory infiltrates in TNBC cancer [18,19].

https://wwwtilsinbreastcancer.org/what-are-tils/). Area of necrosis and technical artifacts were
avoided. The TILs levels were evaluated as percentages and three predefined categories were used:
Low TIL scores of 0-10%, intermediate 11-40% and high TIL > 40%.

2.5. Immunohistochemical Evaluation of PD-1, PD-L1 and LAG3

Tissue sections (4-pum thick) were deparaffinized in xylene and rehydrated in an alcohol
gradient. Antigen retrieval was performed in citrate buffer (pH 6.0) in a regular microwave at 95°C
for 30 minutes. Endogenous peroxidase activity was blocked with 3% hydrogen peroxidase; then the
slides were preincubated with 5% BSA blocking solution for 5 min and incubated overnight with the
primary antibodies. Primary antibody against PD-1 (1:100 dilution; Monoclonal antibody (J121),
Invitrogen), PD-L1 (1:100 dilution; polyclonal antibody, Invitrogen), and for LAG-3 (1:100 dilution;
CD223 polyclonal antibody, Invitrogen) were used. Washed with PBS then incubated with HRP-
secondary antibody (EnVision FLEX DAKO) for 45 min. DAB was added as a substrate for 10 min
followed by washing and staining with hematoxylin. The sections were mounted.
Immunecheckpoint protein expression was evaluated in immune cells (IC) and tumor cells (TC)
separately. However, scored for IC- positivity was evaluated as the percentage of invasive tumor area
covered by stained immune cells (lymphocytes, granulocytes,macrophages and dendritic cells). The
tumor proportion score (TPS ) was determined as the number of immunecheckpoint protein
expression on tumor cells divided by the total number of viable TC, multiplied by 100 [20,21]. All the
stains were analyzed independently by two histopathologists.
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2.6. Statistical Analysis

Fisher’s exact test was used to evaluate the association between categorized variables. We
compared the size of the tumor by paired t test and p-values less than 0.05 were considered to be
statistically significant. Fisher’s exact test was used to determine if there were any statistically
significant differences between for the A+T and A+T+C groups.

3. Results

3.1. Clinical and Pathological Findings

Among the 54 TNBC female patients, the age ranges were 24-40 years (37 patients; 68.51%) and
41-45 years (17 patients; 31.48%), however, the mean age of the patients was 36.13 + 6.18 years. The
clinicopathological characteristics of the TNBC patients are shown in Table 1.

Before NACT, twenty-nine (53.70%) TNBC patients had cT3. However, after NACT, the tumor
size reached ypT2 in 35 (64.81%), ypT1 7(12.96) and ypT3 in 3 (5.56%) of the patients. Lymph node
stages ypNO was detected 7 (12.96%), ypN1 in 44 (81.48%), ypN2 in 1 (1.86%) and ypN3 in 2(3.70)
patients. All the patients had infiltrating ductal carcinoma (IDC) 54 (100%) and were grade III
42(77.77%). Modified radical mastectomy (MRM) was the primary surgical treatment in 50 patients
(92.59%), followed by breast conservative surgery (7.40%). In addition, no family history was
recorded in 50 patients (92.59%). Fifteen (27.78%) TNBC patients received anthracycline-containing
taxane (A+T) and thirty-nine (77.22%) received anthracycline/taxane /carboplatin (A+T+C).

Table 1. Baseline characteristics of TNBC patients.

o N=54
Characteristics (%)

o
Average age (Years)
24- 40 37(68.51)
145 17(31.48)
T prior to NACT
T1 1(1.86)
T2 18(33.33)
cT3 29(53.70)
T4 6(11.11)
N prior to NACT
cNO 5(9.25)
N1 43(79.6)
) 4(7.40)
N3 2(3.7)
T Stage after surgery
ypT0 9(16.67)
ypT1 07(12.96)
ypT2 35(64.81)
ypT3 3(5.56)
N Stage after surgery
—~ 7(12.96)
— 44(81.48)
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ypN2 1(1.86)
ypN3 2(3.70)
M Stage

MO 51(94.44)
M1 3(5.55)
Tumor subtype

IDC 54(100)
Histological grade

I 1(1.85)
I 11(20.37)
III 42(77.77)
Surgery

MRM 50(92.59)
BCS 4(7.40)
Family History

Yes 4(7.40)
No 50(92.59)
NACT group

A+T 15(27.78)
A+T+C 39(77.22)

5 of 16

TNBC; triple-negative breast cancer, IDC; infiltrating ductal carcinoma, MRM; modified radical mastectomy,
BCS; breast conservative surgery, NACT; Neoadjuvant Chemotherapy, A+T; anthracycline-containing, taxane-,

A+T+C; anthracycline/taxane /carboplatin, data expressed number (percentage).

3.2. Clinical Response

The response to NACT showed promising results, according to Table 2, among the thirty-nine
patients in the A+T+C group, 10 (25.64%) had clinical complete response, 26 (66.67%) had partial
remission, two patients (5.13%) had stable disease, and one (2.56%) had progressive disease. The rate
of response was observed higher (92.31%) in the A+T+C group compared with the A+T group.
However, a significant decrease in tumor size (2.67 cm) was also observed in the A+T+C group as
shown in Table 3.

Table 2. Clinical response to neoadjuvant therapy.

) RECIST Frequency (%) Response
NACT regimen N .
Evaluation (%) p-Value
CR 1(6.67%) Positive
PR 8(53.33%) (60)
A+T 15
SD 2(13.33%) Negative 0.01*
PD 4(26.67%) (40)
CR 10(25.64%) Positive
PR 26(66.67% 92.31 0.01*
A+T+C 39 ( ) ( )
SD 2(5.13%) Negative
PD 1(2.56%) (7.69)
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CR: complete response; PR: partial response; SD; Stable Disease, PD; Progressive Disease, NAC: Neoadjuvant

chemotherapy, A+T; anthracycline-containing, taxane-, A+T+C; anthracycline/taxane /carboplatin, RECIST;

Response Evaluation Criteria In Solid Tumor. *P-values indicate statistical significance.

Table 3. Comparison of the tumor size before and after NACT.

. Tumor size .
Tumor size (cm) Mean difference
. (cm) after .
NACT regimen | before NACT NACT of size after | p- Value
Mean +SD NACT
Mean +SD
A+T 4.76+1.28 3.56+1.53 1.2 0.001*
A+T+C 5.2+1.43 2.53+1.65 2.67 0.001*
NACT: Neoadjuvant chemotherapy Therapy, A+T, anthracycline-containing, taxane-, A+T+C;

anthracycline/taxane /carboplatin, RECIST; Response Evaluation Criteria In Solid Tumor, *P-values indicate

statistical significance.

3.3. Assessment of Stromal TIL in TNBC Patients and Their Association with Clinicopathological
Parameters

TILs were observed in 54 TNBC patients at varying percentages and were most frequently
detectable in stromal compartments (Figure 1. A1-A2, B1-B2 & C1-C2). The associations of TILs with
clinicopathological parameters are summarized in Table 4. In the present study, we found a
statistically significant association between TILs level and higher tumor grade (p-value=0.049).
However, high level TILs were found in 16 TNBC patients (53.33%), while 10 had intermediate TILs
level (33.33%) and only 4 patients had low level TILs (13.33%) with tumor size T3. On the other hand,
we did not observe any significant associations between TILs and age (p-value=0.536), tumor subtype
(p-value=0.581), histologic grade (p-value=0.536), N stage (0.538) and metastasis (p-value=0.499).

2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 1. Evaluation of stromal tumor infiltrating lymphocytes (TILs) in TNBC: Stromal TIL (TILs) evaluation
area was analyzed at 100x and 200x magnification. Representative H & E-stained images showing three different
stromal TILs levels: Al and A2: Low level (0-10%), B1 and B2: Intermediate level (11-40%), arrow indicates the
distribution of the tumor area. C1 and C2: high level (>40%); Scale bar 100 pum.

Table 4. Associations of TILs with clinicopathological characteristics.

of TNBC patients
Characteristics TILs
Low Intermediate High p-Value
N (%) N (%) N (%)
Age
Years
24-40 6(16.21) 15(40.54) 16(43.24) 0.536
41-45 1(5.88) 9(52.94) 7(41.18)
Tumor Subtype
IDC 9(16.66) 23(42.59) 22(40.74) 0.613
Histological grade
I 0(0) 0(0) 1(100) 0.536
II 0(0) 3(27.27) 8(72.73)
I 7(16.67) 18(42.86) 17(40.48)
T Stage
T1 0(0) 0(0) 1(100) 0.049*
T2 0(0) 5(41.67) 7(58.33)
T3 4(13.33) 10(33.33) 16(53.33)
T4 1(9.09) 6(54.55) 4(36.36)
N Stage
No 0(0) 3(42.86) 4(57.14) 0.538
N1 6(13.64) 16(36.36) 22(50)
N2 0(0) 1(100) 0(0)
N3 1(50) 0(0) 1(50)
M Stage
Mo 6(11.76) 23(45.09) 22(43.13) 0.499
M1 1(33.33) 1(33.33) 1(33.33)

TNBG; triple-negative breast cancer, IDC; infiltrating ductal carcinoma, data are expressed number (percentage).

Bold* p values indicate statistical significance.

3.4. Immunohistochemical Staining of PD1 and PD-L1 and Their Association with Clinicopathological
Parameters

The associations of PD-L1- and PD-1 positive expression (Figure 2. A1-A4 & B1-B4) on tumor
cells (TC) and immune cells (IC) with clinicopathologic features were investigated (Table 5). The TC
of the twenty-three younger patients (aged 24-40 years) who were PD-L1 positive (62%) (p-
value=0.563). Tumor cells in twenty patients showed PD-L1 positive expression (66.67%) was
significantly associated with a larger tumor size (p-value=0.036).
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CHARACTE- PD-L1_TC PD-L1_IC PD-1_TC PD-1_IC
RISTICS
Negative  Positive p Value Negative  Positive P Value Negative  Positive P Value Negative Positive p- Value
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
AGE (YEARS) |
24-40 14 (37.84) 23 (62.16) 28 (75.68) 9 (24.32) 20 (54.05) 17 (45.95) 11 (29.73) 26 (70.27) 0912
41-45 8(47.06)  9(52.94) 0563  12(70.59) 5(29.41) 0745  11(64.71)  6(35.29) 0.56 5(29.41) 12 (70.59)
TUMOR SUBTYPE \
IDC 21(38.88) 33 (61.11) 1.00 37 (68.51) 17 (31.48) 1.00 39 (72.22) 15 (27.77) 1.00 9 (16.66) 45 (83.33) 1.00
HISTOLOGICAL GRADE |
I 0 (0) 1(100) 0(0) 1(100) 0 (0) 1 (100) 1 (100) 0 (0) 0.174
11 4(3636)  7(63.63)  0.849  5(4545)  6(54.54) 0359  8(7273)  3(727) 0227  2(18.18) 9 (81.82)
111 18 (42.85) 24 (57.14) 32(76.19) 10 (23.80) 34 (80.95)  8(19.05) 6 (14.28) 36 (85.71)
T STAGE |
T1 0 (0) 1(100) 0.036* 1(100) 0(0) 0.203 1 (100) 0 (0) 0.928 0(0) 1 (100) 0.073
T2 9 (75) 3 (25) 11(91.67)  1(8.33) 10(83.33) 2 (16.67) 2 (16.66) 10 (83.33)
T3 10(33.33) 20 (66.67) 22(73.33)  8(26.67) 23 (76.66) 7 (23.33) 2 (6.66) 28 (93.33)
T4 3(27.27)  8(72.72) 6(5454) 5 (45.45) 2(18.18) 9(81.81) 4 (36.36) 7 (63.63)
N STAGE |
NoO 1(14.29) 6 (85.71) 5(71.42) 2 (28.57) 4 (57.14) 3 (42.85) 1.00 0 (0) 7 (100) 0.381
N1 20 (45.45) 24 (54.55) 31(70.45) 13 (29.55) 33 (75) 11 (25) 8 (18.18) 36 (81.81)
N2 0 (0) 1(100) 0.375 1(100) 0(0) 0.864 1 (100) 0 (0) 0 (0) 1 (100)
N3 1 (50) 1 (50) 2 (100) 0(0) 2 (100) 0 (0) 1 (50) 1 (50)
METASTASIS |
Mo 21 (41.18)  30(58.82)  1.00 37(72.55) 14 (2745) 0.56 39 (76.47) 12 (24) 1.00 8 (15.69) 43 (84.31)  0.428
M1 1(3333)  2(66.67) 3 (100) 0(0) 3 (100) 0 (0%) 1(33.33) 2 (66.67)
NACT
A+T (N=15) 6(40) 9 (60) 0.598 12(80) 3(20) 0.404 10(66.66) 5(33.33) 0.560 1 (6.66) 14 (93.33)  0.483
A+T+C (N=39) 16 (41.03) 23 (58.97) 28(71.79) 11(28.21) 30(76.92) 9(23.08) 6 (15.38) 33(84.61)
TIL
A+T (N=15)
LOW | 3(100) 0(0) 3(100) 0(0) 2(66.67) 1(33.33) 2(66.67) 1(33.33)
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https://doi.org/10.20944/preprints202512.2376.v1
http://creativecommons.org/licenses/by/4.0/

9 of 16

INTERMEDIATE | 3(60) 2(40) 0.005*  4(80) 1(20) 1.000  5(100) 0(0) 0385  0(0) 5(100) 0.103
HIGH 0(0) 7(100) 5(71.43) 2(28.57) 5(71.43)28.  2(57.57) 1(14.29) 6(85.71)

TIL

A+T+C (N=39)

LOW 4(100) 0(0) 4(100) 0(0) 2(50) 2(50) 2(50) 2(50)
INTERMEDIATE | 11(57.89)  8(42.11) 0.0001* 14(73.68)  5(26.32) 0412 19(100) 0(0) 0.001*  3(15.79 16(84.21)  0.123
HIGH 1(6.25) 15(93.75) 10(62.50)  6(37.5) 9(56.25) 7(43.75) 1(6.25) 15(93.75)

TNBC; triple-negative breast cancer, TC; tumor cell, IC; Immune cells; IDC; infiltrating ductal carcinoma, NACT; Neoadjuvant Chemotherapy, A+T; anthracycline-containing, taxane-, A+T+C;

anthracycline/taxane /carboplatin, data expressed number (percentage). Bold* p-values indicate statistical significance.
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Twenty-six (aged 24-40 years) patients showed positive PD-1 expression (70.27%) on IC (p-
value=0.912). We have also found PD-1 expression (93.33%) on IC in twenty-eight patients which was
significantly associated with a T3 larger tumor size (p-value=0.073). However, no significant results
were observed of PD-L1 and PD-1 in A+T and A+T+C treated groups.

3.5. Assessment of Stromal TIL on PD-L1 and PD-1 Positive Cells

PD-L1-positive tumor cells showed high TIL (100%) in seven patients of A+T treated group out
of fifteen (p-value=0.005). In A+T+C treated group, PD-L1-positive tumor cells showed significant
result (p-value=0.0001) in fifteen patients out of thirty-nine with high TIL (93.75%), however, eleven
patients (57.89%) have intermediate TILs levels. Only seven patients (43.75%) had high TILs in PD-1
positive tumor cells (Table 5).

Figure 2. Immunohistochemical features of PD-1, PD-L1 and LAG-3 at 100X and 200X: PD-L1: Al &AZ2.
Tumor cells; A3 &A4. Immune cells; PD-1: Bl & B2. Tumor cells; B3 & B4. Immune cells; LAG-3: C1 & C2.
Immune cells; C3 & C4. Tumor cells; Scale bar; 100 pum.

3.6. Immunohistochemical Staining of LAG-3 and Its Association with Clinicopathological Parameters

Among 54 TNBC patients, twenty-nine had positive (78.38%) LAG-3 expression (Figure 2 C1-
C4) on IC and TC (18.92%) which was not statistically considered significant in both age groups. We
did not observe any significant association between LAG-3 expressions with histologic type (p-
value=0.308), clinical stage (p-value=0.849), lymph node (p-value=0.375) and metastasis. Lymph
node, tonsil and ovary tissues were used as positive control for PD-1, PD-L1 and LAG-3 expression
as shown in supplementary Figure S1.

3.7. Assessment of Stromal TILs LAG-3 Positive Cells

However, significantly (p-value=0.0001) positive LAG-3 immune cells showed intermediate
levels of TILs in nineteen patients (100%) of A+T+C treated group out of thirty-nine and only ten
patients (25.64%) were shown high TIL level. Only in six patients (83.71%), LAG-3 positive expression
immune cells were showed high level of TILs (p-value=0.050) in the A+T treated group (Table 6).
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Table 6. Association of LAG-3 expression with clinicopathological parameters of TNBC patients.

CHARACTERISTICS TC IC

Negative Positive p Value Negative Positive p-Value

N (%) N (%) N (%) N (%)
AGE (YEARS) ‘
24 - 40 30 (81,08) 7 (18.92) 1 8 (21.62) 29 (78.38)
41-45 13 (76.47) 4 (23.53) 1(5.88) 16 (94.12) 0.244
TUMOR SUBTYPE ‘
IDC 30 (55.55) 24 (44.44) 0.157 17 (31.48) 37 (68.51) 0.356
HISTOLOGICAL GRADE |
I 1 (100) 0(0) 0.503 0(0) 1 (100) 0.542
II 5 (45.45) 6 (54.55) 3(27.27) 8 (73.73)
111 25 (59.52) 17 (40.48) 14 (33.33) 28 (66.67)
T STAGE
T1 0 (0) 1 (100) 0 (0) 1 (100) 0.721
T2 6 (50) 6 (50) 0.444 4 (33) 8 (67)
T3 17 (56.67) 13 (43.33) 10 (33) 20 (67)
T4 8 (72.73) 3(27.27) 2(27) 9 (73)
N STAGE
NO 5 (71.43) 2 (28.57) 1(1429)  6(85.71)
N1 24 (54.55) 20 (45.45) 0.809 15 (34.09) 29 (65.91) 0.633
N2 1 (100) 0(0) 0(0) 1 (100)
N3 1 (50) 1 (50) 1 (50) 1 (50)
METASTASIS ‘
Mo 29 (56.86) 22 (43.14) 1 16 (31.37) 35 (68.63) 0.891
M1 2 (66.67) 1(33.33) 1(33.33) 2 (66.67)
NACT |
A+T (N=15) 7(46.67) 8(53.33) 0.247 5(33.33) 10(66.67) 0.550
A+T+C (N=39) 24(61.54) 15(38.46) 12(30.77) 27(69.23)
TIL
A+T (N=15)
LOW 2(66.67) 1(33.33) 0.510 3(100) 0(0) 0.050*
INTERMEDIATE 3(60) 2(40) 1(20) 4(80)
HIGH 2(28.57) 5(71.43) 1(14.29) 6(85.71)
TIL
A+T+C (N=39)
LOW \ 1( 2.56) 3(7.69) 0.403 4(100) 0(0) 0.0001*
INTERMEDIATE \ 14(35.89) 5(12.82) 0(0) 19(100)
HIGH \ 4(10.25) 12(30.76 ) 6(15.38) 10(25.64)

TNBGC; triple-negative breast cancer, TC; tumor cell, IC; Immune cells; IDC; infiltrating ductal carcinoma, NACT;
Neoadjuvant Chemotherapy, A+T; anthracycline-containing, taxane-, A+T+C; anthracycline/taxane /carboplatin,

data expressed number (percentage). Bold* p values indicate statistical significance.
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4. Discussion

Studies on immune checkpoint proteins in breast cancer have increased their clinical importance
and can improve patient management algorithms in recent years. In the tumor microenvironment
(TME) which includes tumor cells and immune cells, PD-1, PD-L1 and LAG-3 are resistant to
antitumor therapy [22].

Despite developments in this evolving field, very few immune markers have been investigated
as therapeutic targets in TNBC. Our study is the first of its kind which has evaluated three immune
checkpoint proteins in relation with TILs and clinicopathological features in a subset of TNBC
patients who received NACT.

Based on the RECIST criteria, our study demonstrated the effectiveness of carboplatin based
neo-adjuvant regimen and an overall good clinical response of 92.3% (complete + partial) was
observed with a decrease in tumor size (2.67 cm) in the A+T+C group.

Similarly, Loibl, et al [23] showed that carboplatin effectively improved the rate of pathological
complete response (pCR) in TNBC patients. Prihantono [24] reported an overall response rate
(complete and partial) 93.33% in seventy TNBC patients which aligns closely with our findings.
Kunnuru et al reported good clinical and pathological response (78%) in 15% TNBC patients [25].

It is known that PD-L1 is expressed on cancer cells within tumors, enhancing anti-PD-L1/PD-1
treatment efficacy and could be a biomarker for identifying patients who are likely to respond to
immune checkpoint blockade therapy [26].

There are few controversies in the literature regarding the therapeutic response of TILs as a
clinical predictor of response to neoadjuvant therapy among breast cancer types [27,28]. However,
some studies have shown that the tumor response rate to NACT associated with better long-term
survival in patients with high TILs such as HER2 positive and TNBC patients [29].

However, there is a still lack of information regarding TILs counts on PD-L1 positive cells after
NACT which could be good clinical predictors. We obtained statistically significant results in twenty
of the fifty-four patients, PD-L1 positive expression (66.67%) on TC was significantly associated with
a larger tumor size (p-value=0.036), unfortunately, there were no significant differences found
between two treatment groups.

In the A+T+C treated group, fifteen PD-L1 positive expression patients (93.75%) were
categorized by high level TILs on tumor cells (p-value=0.0001). The presence of PD-L1 expressing
cancer cells within tumors with high TIL could be an important predictor of the response to immune
checkpoint blockade therapy. Previous studies have shown conflicting results regarding the
relationship between PD-L1 expression and prognosis. Tumor cell PD-L1 expression was associated
with poor prognosis in breast cancer patients while PD-L1 mRNA was associated with better
prognosis [30,31].

In contrast, Berckelaer [32] and his group reported 1.9% PD-L1 expression in tumor cells which
was very rare, while in TILs the expression was much higher (43%). Amin et al [33] found PD-L1
expression and large tumor size in a younger age group (<50 years) . However, we also detected PD-
L1 expression on the TC in 66.67% of the twenty patients and significant results (p-value=0.036) were
found with larger tumor size.

Previously, it was reported that PD-L1 expression in TIL was a poor prognostic factor in TNBC
[34]. Interestingly, Mittendorf EA et al investigated higher PD-L1 expression in TNBC group as
compared to non-TNBC for the first time, however intratumoral CD8+ T cells were more likely to be
found in the PD-L1-positive group [35]. Similar studies also confirmed that PD-L1 was associated
with high TILs in the TNBC subtype and improved the patients” outcomes [36,37]. The relationship
between PD-L1 expression and anticancer immunity is also unknown, Beckers et al. first noted that
PD-L1 was expressed at a higher level of TIL in TNBC than hormone receptor-positive breast cancer
patients [37]. Oner and his group [38]. confirmed that the percentage of PD-L1 expression on
lymphocyte tumor was highly correlated (p-value= 0.0001). Schalper et al. showed that breast cancer
patients with high PD-L1 expression on ICs had a better prognosis [31].
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Our study also revealed a significantly (p-value= 0.001) intermediate level of TILs (100%) and a
high TILs level 43.75% in positive PD-1 expression in the A+T+C treated group and 93.33% of patients
were significantly associated with a larger tumor size (p-value=0.073). Ren and his group also
reported higher TIL PDlprotein expression and an association with longer survival in a TNBC
patients [39]. Generally, these findings may confirm that PD-1 induces TIL-mediated antitumor
inflammatory response rather than tumor immune evasion.

These controversies indicate that evaluations of TILs and PD-1/PD-L1 expression in TNBC
patients and correlations with other coinhibitory checkpoint proteins are still needed. In this respect,
the analyses performed in the present study associated TILs with the LAG-3 immune checkpoint in
TNBC patients after NACT which has not been addressed in previous studies. The present study
showed LAG-3 positive expression with high levels of TILs (25.64%) in ten A+T+C treated immune
cells patients (p-value=0.0001) while in the same group, nineteen patients had intermediate TIL levels
(100%). However, statistically significant (p-value=0.05) results showed in the A+T treated group for
only six immune cells with high TIL (85.71%). Thus, we demonstrated that LAG-3 positive TILs were
present in both NACT treatment groups and their presence in the tumor microenvironment tended
to be associated with good prognosis and may benefit from immunomodulatory drugs in TNBC
patients.

Previously, Bottai et al reported that in approximately 15% of TNBC patients, LAG-3 and PD-1
were simultaneously expressed on TILs [40]. A study by Wang et al investigated that in pre-
neoadjuvant chemotherapy specimens, LAG-3 expression in TNBC was significantly correlated with
pathological complete response; however, post-neoadjuvant chemotherapy specimens showed high
expression of LAG-3 and had a significant effect on nodal status [41].

Recently in cancer patients, Lag-3 targeted therapy is a new member of the therapeutic arsenal
and Relatlimab, an anti-LAG-3 monoclonal antibody, has been approved by the FDA in combination
with PD-1 inhibitors [42].

One of the limitations of our study was that there were few numbers of patients and long term
follow up could not be performed to predict the influence of immune checkpoins proteins in free and
overall survivals of the patients. However, the TNBC patients received standardized treatment after
enrollment. A further limitation of our study is that perform immunohistochemical evaluations of
TIL, PDL-1, PD-1 and LAG-3 biomarkers expression in TNBC biopsies before NACT which can
predict the pathological complete response in TNBC patients.

Conclusion

This study explored the status of TILs in TNBC patients who received NACT and their
associations with clinicopathological parameters. Our findings also showed that TILs are the most
reliable immune markers associated with PD-1, PD-L1 and LAG-3 immune checkpoint protein
expressions especially in patients receiving carboplatin based NACT. Combining the evaluation of
TILs and PD-1, PD-L1 and LAG-3 expression in the TNBC microenvironment may further refine the
prognostication and may serve as an additional pathological parameter. Anti-PD-1/PD-L1 therapy
alone or combined with chemotherapy may be a promising treatment for a subset of patients with
TNBC.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Figure S1: Positive and negative control of PD-1, PD-L1, and LAG-3 at 200X : (A)
PD-1 Positive Control; (B) Negative Control (Lymph node); (C) PD-L1 Positive Control; (D) Negative Control
(Tonsil); (E) LAG-3 Positive Control; (F) Negative Control (Ovary); Scale bar; 100 pm.
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