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Abstract

Objective: Programmed Death-Ligand 1 (PD-L1) and Cytotoxic T Lymphocyte -Associated Antigen-4 (CTLA-4)
are presently considered as prognostic markers and therapeutic targets in numerous human malignancies. The goal of
this study was to determine whether PD-L/ and CTLA-4 might be used to predict patients’ survival in Triple Negative
Breast Cancer (TNBC). Methods: This retrospective cohort study analyzed 100 primary TNBC cases that had surgical
resection at the Oncology Center of Mansoura University (OCMU), Faculty of Medicine, Egypt. Clinicopathological
data and survival outcomes were collected, and immunohistochemistry (IHC) was performed for PD-L] and CTLA-4
expression. Result: In 29% of TNBCs, PD-L1 was expressed. PD-L1 positivity was significantly associated with high
tumor grade (P=0.007). PD-L! did not, however, significantly associate with survival. CTLA-4 was expressed in 45%
of TNBCs. CTLA-4 expression was significantly associated with lymph node metastasis (P=0.009), distant metastasis
(P=0.001) and advanced TNM stage (P=0.001). In TNBC, multivariate analysis identified C7LA4-4 expression as an
independent prognostic predictor for both disease-free survival (P=0.002) and overall survival (P=0.003). Conclusion:
The selection of patients for immunotherapy and checkpoint-blockade treatment may be guided by CTLA-4, an
independent prognostic factor for the overall survival and disease-free survival of TNBC patients.
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Introduction

Breast cancer is the most common malignancy in
females and is the most often diagnosed cancer in the great
majority of countries [1]. In 2020, an estimated 2.3 million
female breast cancer cases were diagnosed worldwide, and
around 685,000 females died because of the disease [2].

About 15-20% of all cases of breast cancer are Triple
Negative Breast Cancer (TNBC), which is characterized
by the lack of Estrogen Receptor (ER), Progesterone
Receptor (PR), and Human Epidermal Growth Factor
Receptor 2 (HER2) expression by immunohistochemical
(IHC) analysis [3]. Because of the absence of HER?2
expression and targetable hormone receptors, TNBC is
often accompanied by a poor prognosis and a restricted
selection of treatment routes [4]. These features highlight
the significance of studying the pathogenesis and available
treatments for TNBC.

Breast cancer was not formerly considered to be
immunogenic. Nonetheless, in comparison with other

subtypes of breast cancer, TNBC is associated with greater
immune cell activity and abundance, which suggests that
immunotherapy more particularly, the use of immune
checkpoint inhibitors (ICIs) treatment may be beneficial
[5].

Immune checkpoints, that are co-stimulators or co-
inhibitors, firmly regulate the activation of T-cells [6].
Immune checkpoints frequently implicated in cancer
pathogenesis are Programmed Death Protein 1 (PD-1),
Programmed Death-Ligand 1 (PD-L1) and Cytotoxic T
Lymphocyte -Associated Antigen-4 (CTLA-4) [7].

The reduction of cytotoxic T-cell activity and
proliferation is the outcome of the interaction between
PD-1 and PD-L1, which also encourages the differentiation
of regulatory T-cells and contributes to immune cell
dysfunction [8]. T-cell immunological responses are
inhibited by CTLA-4, an immunosuppressive cytokine
belonging to the immunoglobulin superfamily [9]. Tumor
cells in cancer patients have the ability to evade immune
surveillance, takeover certain immunological checkpoint
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pathways, and withstand the cytotoxic effects of host T
cells [10]. Consequently, ICIs fortify the immune system’s
anti-tumor reactions and augment its capacity to eradicate
tumor cells [11]. Therefore, immunotherapy continues
to develop its applications in various solid tumors and
represents a promising treatment strategy for TNBC [12].

This study aimed to evaluate the immunohistochemical
expression of CTLA-4 and PD-L1 in TNBC tissue samples
and explore the association between these markers and
other clinicopathological variables as well as patient
outcomes.

Materials and Methods

One hundred formalin-fixed, paraffin-embedded
(FFPE) tissue blocks from TNBC patients were examined
in this retrospective cohort research. The patients were
diagnosed at the Pathology Laboratory of the Oncology
Centre at Mansoura University (OCMU), Faculty of
Medicine, Mansoura University, Egypt, between January
2015 and December 2020 and had not received preoperative
chemotherapy nor radiation. Clinicopathological data for
these 100 cases were collected retrospectively from the
OCMU’s pathology database. The data included patient
age, tumor size, nodal involvement, local recurrence,
distant metastasis, and tumor stage, in accordance with the
American Joint Committee on Cancer’s (AJCC) revised
eighth version [13]. The histological type and grade of
the tumor were identified by reviewing slides stained with
hematoxylin and eosin (H&E).

The patients’ follow-up periods ranged from 2 to 107
months, with a median of 46 months. Data on follow-up
were gathered from patient health records and through
interviews conducted by phone with either the patients
or their relatives. The length of follow-up in months,
the presence or absence of recurrence (whether local
recurrence or distant metastasis), disease-related mortality,
disease-free survival (DFS), which was determined from
the date of surgery to documented relapse, and overall
survival (OS), which was defined as the interval between
surgery and the last follow-up or disease-specific death,
were among the important follow-up data.

Tissue Microarray Construction

The tissue microarray blocks (TMA) were made
manually using a validated technique [14]. Five TMA
blocks were produced, each containing three representative
cores from the 100 cases under study. Additionally,
multiple cores from normal tissues (such as the appendix,
gallbladder, placenta, and tonsil) were incorporated into
each block based on a pre-designed map. These normal
tissue cores served as orientation markers and as negative
and positive controls for the immunohistochemistry (IHC)
staining markers, with tonsil tissue being the positive
control for both PD-L1 and CTLA-4.

Immunohistochemistry

According to the user’s handbook standardized
protocol preprogrammed into the autostainer software,
IHC was carried out using Autostainer Link 48, utilizing
its optimized reagents with pharmDx kits EnVisionTM
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FLEX Visualization Systems (Link code K8000) and
EnVision FLEX Hematoxylin (Link code K8008). Using
an ordinary light microscope, two examining pathologists
independently and semi-quantitatively interpreted the
IHC results. Each antibody was then scored according to
its most suitable particular scoring technique or system.
The combined positive score (CPS) was used for PD-L]1,
and the Anti-PD-L1 (QR001) Rabbit Monoclonal primary
antibody (Quartett, Berlin, Germany, 1:100, Ready to
use) was used. To calculate CPS, divide the number of
PD-L1 positive tumor cells, lymphocytes and histiocytes
by the total number of vital tumor cells, then multiply the
result by 100. CPS > 1 is considered positive [15]. Anti-
CTLA-4 (F8) Mouse Monoclonal antibody (Medaysis,
San Francisco, USA, 1:100, Ready to use) was used and
any cytoplasmic positivity either of neoplastic cells and/
or tumor- infiltrating lymphocytes (TILs) was recorded
for CTLA-4, and a cut-off value of 10% was used [16].

Statistical analysis

The statistical analyses were conducted using
SPSS 25.0 (IBM Corporation, New York, USA). The
Pearson chi-square (y2) test was used to examine the
association between PD-L1 and CTLA-4 expression and
clinicopathological factors. When more than 20% of the
cells had counts below 5, the Fisher Exact Test (FET)
was used as a correction for the y2 test. Kaplan-Meier
curves were created to evaluate the relationship between
PD-L1 and CTLA-4 and patient survival, and the log-rank
test was used to compare the two groups statistically. In
order to determine the factors impacting DFS and OS for
the multivariate analysis, Cox regression analysis was
performed, along with the computation of hazard ratios.

Ethical considerations

The Institutional Research Board (IRB) of the
Mansoura University Faculty of Medicine in Egypt gave
the study approval (Code Number: MDP.21.11.88,2021).
To preserve anonymity and secrecy, the pathology code
numbers of the paraffin blocks were used in place of the
patients’ names. All procedures followed the current
revision of the Helsinki Declaration of medical research
involving human subjects [17]. The donor blocks were
also put back into the archive for use in any upcoming
research or patient-related projects.

Results

Along with the previously stated PD-L1 and CTLA-4
IHC assessment criteria, 29% of TNBCs were PD-L]
positive and 71% were PD-L1 negative (Figure 1), 45%
of TNBCs were CTLA-4 positive (Figure 2), and 55%
were CTLA-4 negative. As shown in Table 1, PD-L]
demonstrated a significant association with tumor grade,
at which grade 3 tumors showed higher expression of
PD-L1 (P=0.007). PD-LI expression and other clinico-
pathological characteristics, such as patient age, tumor
size, lymph node metastasis, distant metastasis, TNM
stage, and local recurrence, were not shown to be
associated, though. CTLA-4 expression and axillary
lymph node metastasis were significantly associated;
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Table 1. Associations between the Expression of PDL-1, CTLA-4, and Different Clinicopathological Parameters

Clinicopathological PDL-1 expression Test of CTLA-4 expression Test of
parameters Negative Positive significance Negative  Positive significance
n=71 (%) n=29 (%) n=55 (%) n=45 (%)
Age (years) p=0.435
<50 years 33 (46.5) 11 (37.9) 24 (43.6) 20 (44.4) p=0.935
> 50 years 38 (53.5) 18 (62.1) 31(56.4) 25(55.6)
T stage p=0.203
T1 9(12.7) 4 (13.8) 7(12.7) 6(13.3) p=0.621
T2 52(73.2) 18(62.1) 41 (74.5)  29(64.4)
T3 7(9.9) 7(24.1) 6(10.9) 8(17.8)
T4 3(4.2) 0 1(1.8) 2(44)
Lymph node metastasis (N)
Negative (NO) 26 (36.6) 10 (34.5) p=0.840 26 (47.3) 10(22.2) p=0.009*
Positive (N1,N2,N3) 45 (63.4) 19 (65.5) 29 (52.7)  35(77.8)
M stage (Metastasis)
MO (absent) 46 (64.8) 22 (75.9) p=0.281 46 (83.6) 21 (46.7) p=0.001%*
M1 (present) 25(35.2) 7 (24.1) 9(16.4)  24(53.3)
TNM stage 6(8.5) 0 P=0.211 5(9.1) 1(2.2) p=0.001*
I 26 (36.6) 14 (48.3) 31(56.4) 9 (20)
I 14 (19.7) 8(27.6) 11 (20) 11 (24.4)
v 25(35.2) 7(24.1) 8(14.5)  24(53.3)
Tumor grade
2 27 (38.0) 3(10.3) p=0.007* 20(36.4) 10(22.2) p=0.125
3 44 (62.0) 26 (89.7) 35(63.6) 35(77.8)
Local recurrence
Absent 59 (83.1) 21(72.4) p=0.225 45 (81.8)  35(77.8) p=0.615
Present 12 (16.9) 8(27.6) 10 (18.2) 10(22.2)

P, Probability value; *, statistically significant (P<0.05); PDL-1, Programmed death-ligand 1; CTLA-4, cytotoxic T lymphocyte-associated antigen-4

Figure 1. Immunohistochemical Staining of PDL-/ in Various Cases of TNBC: PD-LI Membranous Staining in
Tumor Cells (A). PD-L1 Membranous Staining in Tumor Cells and Negative Staining in TILs (B). PD-L1 Cytoplasmic
Staining in TILs and Negative Staining in Tumor Cells (C), (DAB X200).

patients with positive lymph nodes had increased CTLA-
4 expression (P=0.009). The expression of CTLA-4 was
shown to be significantly positively associated with
distant metastasis (P=0.001). Additionally, a significant
association was found between the TNM stage and
CTLA-4 expression, with increased CTLA-4 expression
seen in stage III and IV tumors (P=0.001).While no
observed significant associations between CTLA-4 and
other clinicopathological features.

The median period for DFS was 54 months (95%
Confidence Interval [CI], 45-71.45). In 41% of cases,

there was a disease relapse. Table 2 displays the results of
univariate analysis, which showed that lower DFS periods
were associated with younger patient age (P=0.027),
nodal metastasis presence (P=0.001), distant metastasis
presence (P<0.001), higher TNM stages (P<0.001), local
recurrence (P=0.001), and CTLA-4 expression (P=0.001)
(Figure 3c). A statistically insignificant association
(P=0.602) was discovered between PD-L] expression and
DFS (Figure 3a). To determine the effect of the parameters
strongly linked with DFS (from the univariate analysis)
on the occurrence of an early recurrence in patients
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Table 2. Univariate and Multivariate Survival Analysis of the Disease-Free Survival (DFS) and Overall Survival (OS) in triple negative breast cancer.

Clinicopathological parameters

Univariate analysis

Disease-free survival

Multivariate analysis

Univariate analysis

Overall survival

Multivariate analysis

Median DFS time (min-max) / months Log-rank test Hazard ratio (95% CI) P value Median OS time (min-max) per months Log-rank test ~ Hazard ratio (95% CI) P value
Age (years) 50(15.44-64.56) P=0.027* 1 0.382 62(34.26-89.74) P=0.105
<50 years 73.18(60.55-85.83) 1.45 (0.632-3.31) 32 (19.78-44.22)
> 50 years
T stage 56.9 (36.35-77.49) P=0.076 84 (45.17-122.83) P=0.03* 1 0.667
T1 66.99 (56.35-77.64) 42 (23.65-60.35) 1.24 (0.473-3.22) 0.159
T2 31.39 (20.87-41.92) 22(11-33) 2.22(0.732-6.75) 0.297
T3 18.5 (15.56-21.44) 34 (0.821-78.81) 2.62 (0.429-15.96)
T4
Lymph node metastasis (N) 86 (74-97) P=0.001%* 1 0.001* 72 (72-72) P=0.005* 1 0.821
Negative 31(21.78-40.9) 3.82(1.67-8.74) 34 (21.81-46.7) 1.17 (0.303-4.51)
Positive
M stage (Metastasis) 86.07 (76.71-95.43) P <0.001* 1 0.001* 64.82 (54.55-75.1) P=0.007* 1 0.003*
MO 24.81 (18.22-1.4) 12.3 (5.94-25.42) 40 (28.79-51.21) 2.16 (1.31-3.56)
M1
TNM stage 87 (71.4-104) P <0.001* 1 0.381 89.2 (89.2-89.2) P=0.001* 2.75(0.279-26.99) 0.386
1 96.36 (88.18-104.55) 0.350 (0.03-3.66) 0.312 67.9 (67.9-67.9) 4.03 (0.356-45.64) 0.26
11 59.06 (35.81-82.31) 3.32(0.325-33.80) 0.889 26 (11.06-40.94) Undefined 0.868
I 22.39 (17.49-27.29) Undefined 37 (24.80-49.19) 1
v
Tumor grade 70.6 (55.12-86.08) P=0.258 62 (10.52-113.48) P=0.228
2 58.06 (47.01-69.11) 41 (30.88-51.11)
3
Local recurrence 71.25(61.1681.33) P=0.001%* 41 (21.23-60.77) P=0.581
Absent 31.44 (21.24-41.65) 46 (3.76-88.25)
Present
PDL-1 expression 54 (54.0-65.0) P=0.602 46 (25.98-66.02) P=0.703
Negative 60 (43.67-69.61) 42 (31.50-52.49)
Positive
CTLA-4 expression 76.19 (65.31-87.07) P=0.001%* 1 0.002* 62 (56.28-77.61) P=0.002* 1 0.003*

Negative

Positive

34.68 (26.22-43.14)

2.80 (1.48-5.30)

34 (23.05-44.95)

2.17 (1.31-3.59)

P, Probability value; *, statistically significant (P<0.05); statistically highly significant (if P <.

001); PDL-1, Programmed death-ligand 1; CTLA-4, cytotoxic T lymphocyte-associated antigen-4
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Figure 2. Immunohistochemical Cytoplasmic Staining of C7LA-4 in Tumor Cells in Various Cases of TNBC

(DAB x200).
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Figure 3. Kaplan-Meir Survival Curves for patients with triple negative breast cancer stratified by PDL-1 expression
and CTLA-4 expression. No statistically significant associations between PDL-/ and neither DFS (a; log rank; P=0.602)
nor OS (b; log rank; P=0.703). Significantly lower DFS (c; log-rank; p= 0.001) and OS (d; log-rank; p=0.002) in
patients with positive expression of CTLA-4 compared to patients with negative expression for CTLA-4.

with TNBC, a multivariate Cox regression analysis was
performed.

The aforementioned analysis revealed that the
existence of lymph node metastasis was an independent
predictor of a reduced DFS (Hazard Ratio [HR] = 3.82,
95.0% CI: from 1.67 to 8.74 with P=0.001). Also, it
was shown that distant metastasis was recognized as an
independent prognostic factor for reduced DFS (HR =12.3
with 95.0% CI ranged from 5.94 to 25.42 with P=0.001).
Additionally, it was found that positive expression of
CTLA-4 was considered as an independent predictor for
lower DFS (HR = 2.80 with 95.0% CI ranged from 1.48
to 5.30 with P=0.002).

The median OS of TNBC patients in this study was
42 (95% CI, 27.34-56.66) months. During the follow-up
period of this study, 52% of patients died due to disease-

related factors. Univariate survival analysis, as shown in
Table 2, revealed significant associations between shorter
OS and factors like larger tumor size (P=0.03), nodal
metastasis presence (P=0.005), distant metastasis presence
(P=0.007), higher TNM stages (P=0.001), and CTLA-4
expression (P=0.002) (Figure 3d). On the other hand,
PD-L1 expression and OS did not significantly associate
(P=0.703) (Figure 3b). The results of multivariate
analysis showed that in TNBC patients, CTLA-4 positivity
(P=0.003) and distant metastasis (P=0.003) were both
independent predictors of shorter overall survival.

Discussion

Immune checkpoint blockade is rapidly gaining
recognition as a leading strategy in tumor treatment.
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Varity of cancer types, such as melanoma, bladder, lung,
kidney, head, and neck cancers, have shown significant
advantages from checkpoint blocking. These advantages
in breast cancer, however, are still debatable [10]. The
most widely accepted forms of immunotherapy target
the PD-1 receptor, its ligand PD-L1, and CTLA-4 [18].
Consequently, in 100 TNBC patients, this cohort research
sought to evaluate the expression of CTLA-4 and PD-L1
and investigate any possible associations with prognostic
variables and survival outcomes. The frequency of PD-L]
expression in the studied cases was 29%; that is close to
Zhuetal. (2019), who reported PD-L I expression in 22%
of their studied cases [19]. However, studies by Qin et al.
[20] and Sukumar et al. [21] reported higher rates of PD-
L1 expression (61.5% & 80% respectively). Additionally,
this study revealed CTLA-4 positive expression in 45% of
TNBC:s. This finding is close to that of Kassardjian et al.
(2018), who reported overexpression of CTLA-4 in>50%
of their studied cases [22]. On the contrary, Cabioglu et
al. [23] and Vardas et al. [24] reported positive expression
of CTLA-4 in 82% and 36% of their cases, respectively.
These discrepancies in PD-L] and CTLA-4 expression
can be linked to variations in the interpretation of staining
patterns, the methodologies used for scoring, the cutoff
values established, and the diverse monoclonal antibodies
employed by the researchers.

Our study demonstrated a significant association
between PD-LI expression and tumor grade, which
is in line with findings published by Qin et al. [25].
Nevertheless, we were unable to find any associations
between PD-L1 expression and other clinico-pathological
characteristics, aligning with the results observed by
Constantinou et al. [26] and Botti et al. [27] studies. In
other studies, many clinicopathological variables were
significantly associated with PD-L1 expression, such as
larger tumor size, the distant metastasis, and the nodal
metastasis [19, 25, 28].

Regarding CTLA-4 expression, this study has revealed
statistically significant associations between CTLA4-4 and
both axillary lymph node metastasis and advanced tumor
stage. These results align with those from several other
studies that also reported such significant associations
[29, 30]. Additionally, we identified a statistically
significant association between CTLA-4 and distant
metastasis (P=0.001). Furthermore, research conducted by
Abbasov etal. [31] demonstrated a statistically significant
association between CTLA-4 and T stage, indicating that
tumors classified as T3 and T4 exhibited higher levels
of CTLA-4 expression. Conversely, a study by Lan et al.
[32] indicated that in patients with breast cancer, neither
interstitial CTLA-4 nor tumor CTLA-4 expression was
linked to any clinical parameters.

With respect to the relationship between PD-L1 THC
expression and patient outcomes, our study found no
association between PD-L] expression and either DFS
or OS in TNBC patients. These results are largely in line
with the findings published by Cabioglu et al.[23] and
Constantinou et al. [26]. However, several other studies
have indicated a statistically significant association
between PD-LI expression and both reduced DFS and
poorer OS [25, 33]. In contrast, research by Parvathareddy
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et al. [28] found a statistically significant association
between PD-LI expression and both longer DFS and
improved OS.

About the association between patient outcomes and
CTLA-4 THC expression, our study identified a statistically
significant relationship between CTLA-4 expression
and both reduced DFS and poor OS in the univariate
analysis. Additionally, multivariate Cox regression
analysis indicated that positive CTLA-4 expression was
an independent prognostic factor for lower DFS and
poor OS in TNBC patients. These findings align with
the research conducted by Stovgaard et al. [18], which
reported similar associations. Supporting our observations,
studies by Yu et al. [34] and Lu et al. [35] found that higher
CTLA-4 expression was linked to lower overall survival
rates among individuals with breast cancer. However,
conflicting data from studies by Fang et al. [10], Cabioglu
etal. [23], and Bagbudar et al. [36] showed that in patients
with breast cancer, high CTLA-4 expression was linked
to a longer DFS and a better OS. This disparity might be
explained by differences in the primary antibodies utilized,
scoring systems, follow-up periods, as well as genetic and
ethnic differences among study populations.

In conclusion, our study demonstrated that for
patients with triple-negative breast cancer (TNBC),
CTLA-4 expression is an independent predictor of worse
overall survival (OS) and decreased disease-free survival
(DFS). Consequently, in TNBC, CTLA-4 appears to be a
promising prognostic and therapeutic target, potentially
aiding in the selection of patients for immunotherapy.
On the contrary, PD-L] expression had no prognostic
associations in TNBC.
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