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Abstract

Background: Response to neoadjuvant chemotherapy (NC) in individuals with invasive breast cancer (IBC) must
be monitored, and biomarkers are needed. NC can activate an anti-tumour immune response in its microenvironment,
known as Tumor-infiltrating Lymphocytes (TIL). TIL components believed to have great potential as predictors are CD4+,
CD8+, and FOXP3+ TIL. This study aims to explore TIL components that can potentially be predictive biomarkers of
NC pathological responses. Methods: A sample size of 40 were analyzed based on the relationship between CD4+,
CDB8+, and FOXP3+ TIL expression with the Miller-Payne (MP) grading system. Age, tumour grade, PR, ER, Ki-67, and
HER?2 were also evaluated. CD4+, CD8+, and FOXP3+ TIL expressions were analayzed by IHC staining, while other
data were collected from archives. Data was analyzed using univariate and multivariate analysis. Results: Univariate
analysis showed a significant relationship between CD4+ TIL and MP (p<0.001), CD8+ and MP (p=0.004), and FOXP3
with MP (p<0.001). The simultaneous integration of the three biomarkers in one model was not good enough to be a
predictive model. Therefore, an exploratory analysis was conducted by testing several alternative models that combined
two of the three existing biomarkers. It turned out that CD4+ TIL in model 2 (CD4+CD8+) and FOXP3+ TIL in model
4 (CD8+FOXP3+) showed significant coefficient values. Moreover, all of the threshold coefficients in model 4 are
significant. Conclusion: This study shows that CD4+, CD8+, and FOXP3+ TIL have promising potential as predictive
biomarkers. In particular, FOXP3+ is dominant in predictive models of pathological response in patients with IBC.
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Introduction

Breast cancer is a heterogeneous and complex
malignant disease in terms of diagnosis and treatment and
is still a global public health problem [1]. Breast cancer
accounts for 23% of all female malignant neoplasms
[1]. The incidence of breast cancer in the world in 2018
even reached 2.09 million new cases [2]. Depending on
their proximity to the basement membrane, benign and
invasive breast cancers are typically distinguished during
the histopathological categorization process [3]. Seventy
percent of breast cancer cases involve invasive breast
cancer (IBC), which must be treated aggressively [4].

Current IBC treatment relies on chemotherapy,
particularly neoadjuvant chemotherapy (NC), which is
administered to patients before they receive surgery [5].
The standard of care for locally advanced breast cancer
has shifted to NC, and it is increasingly being offered to
patients with early-stage, treatable illness [6]. Although
the selection of type of treatment in breast cancer patients

is multifactorial and decision making should be done
by multidisciplinary teams [7], NC uses anthracycline-
based chemotherapy as an essential component and
aims to reduce tumour size, reduce surgical field,
increase the chance of breast-conserving surgery, control
micrometastasis, and provide prognostic information
based on pathological response rate [6, 8]. NC in IBC
can cause high clinical response rates of up to 70% to
90% [9]. In addition to the clinical response, the success
of NC can also be seen from the pathological response
[10]. Evaluation of the pathological response of NC can be
done using the Miller-Payne (MP) grading system, which
divides the response scores into grades 1 to 5 [10]. The
expected pathological response is a complete pathological
response (MP 5) with an excellent survival prognosis [11,
12]. After NC administration, the complete pathological
response is the state of clearance of invasive tumor cells
in tumor bed and lymph nodes [13].

NC can activate an anti-tumour immune response
in its microenvironment, known as Tumor-infiltrating
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Lymphocytes (TIL) [14]. TIL is a stimulated immune
system that will attack cancer cells, which consist
of Cytotoxic Cluster of Differentiation 4 (T CD4+)
T cells, CD8+ T cells, T regulatory forkhead box P3
(Treg FOXP3+) cells, and other immune cells that are
in the area. peritumoral and intratumoral [15, 16]. This
interaction of TIL with cancer will determine the success
of immunotherapy in cancer and other cancer therapies
that can induce the immune system [9, 14]. Therefore, the
amount of TIL before NC administration is thought to be
related to the pathological response status of NC, so it
can be a biomarker that predicts the level of pathological
response of NC [12]. However, the evaluation of TIL as
a predictive biomarker of the pathological response of
NC is controversial. Several studies have stated that TIL
consists of various lymphocyte cells with two different
activities, namely pro-tumour and anti-tumour, so not all
of them represent the process of tumour eradication [17-
19]. Therefore, several studies have focused on finding
TIL components that can provide good predictive value
for the pathological response of NC [20].

This study aims to explore TIL components that can
potentially be predictive biomarkers of NC pathological
responses. TIL components believed to have great
potential as predictors are CD4+, CD8+, and FOXP3+
TIL. Several studies still show inconclusive things about
the role of these three biomarkers [20-23]. Therefore, apart
from analyzing individually, this study also assessed the
integration of these three biomarkers as predictors of NC
pathological response in IBC to be assessed by MP.

Materials and Methods

Study Design

The University of Indonesia’s Anatomical Pathology
Laboratory supported this retrospective cohort study. In
February 2022, the Universitas Indonesia Ethics Committee
authorized the experimental procedures with protocol
number KET-131/UN2.F1/ETIK/PPM.00.02/2022. Each
participant gave a written agreement and understood
the goal of the research. The research adheres to the
Declaration of Helsinki [24]. The data collection process
was carried out in May 2022. Data collection was carried
out to retrieve departmental archives data dated January
2014 to June 2016. The population of this study were
all preparations of hematoxylin-eosin (HE) and paraffin
block breast carcinoma in female patients who had been
histopathologically diagnosed as IBC and had been treated
with anthracycline NC from January 2014 to June 2016.
Individuals with non-IBC diseases and systemic illnesses,
such as poorly controlled diabetes (defined as HbAlc >8%
in the previous three months) and hypertension, were
judiciously excluded to reduce potential confounding
influences on inflammatory markers central to our study,
while ensuring all paraffin blocks, regardless of initial
inclusion, were retained and stored in accordance with
institutional and ethical guidelines. Sample selection was
carried out by consecutive sampling, namely collecting
as many samples as possible from archives from January
2014 to June 2016. The study’s power is expected to be
80% (resulting in a Type II error rate, or beta, of 20%) and
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its confidence level is 95% (implying a Type I error rate, or
alpha, of 5%). We collected data on the age of the patients,
the grade of their tumors, whether they were positive for
the estrogen receptor (ER), the progesterone receptor
(PR), HER2, and the proliferation marker Ki67(20% as
the cut-off value). Quantitative information on CD4+,
CD8+, and FOXP3 TIL expression was also collected. All
TIL data calculated in this study were taken from patients
before being given NC (pretreatment). After mastectomy,
a Miller-Payne grading system was performed on the
preparations to determine the pathological response.
Patients included were patients who tolerated mastectomy
after NC.

Slides Preparation

In this study, breast cancer biopsy samples were
processed to examine the expression of CD4+, CD8+, and
FOXP3+ TIL. The process started with the preparation
of slides from tissue paraffin blocks, which were then
marked with the relevant sample number and antibody
type for staining.

These slides were first dried and then heated to
facilitate subsequent staining procedures. The slides were
carefully deparaffinized, rehydrated, and washed. An
essential part of the process involved blocking endogenous
peroxidase to prevent false positives.

Next, antigen retrieval was performed to improve the
antibodies’ access to their target proteins in the tissue.
This was followed by further blocking and washing.
Then, the slides were incubated with monoclonal mouse
primary antibody against: CD4 (Biocare [USA]; clone:
4B12, dilution 1:50), CD8 (Biocare [USA]; clone: C8/144,
dilution 1:300), and FOXP3 (Biocare [USA]; clone: 86D,
dilution 1:100), washed again, and exposed to a secondary
antibody.

After more washing, the slides were treated with a mix
of DAB chromogen and substrate buffer until they took
on a brown hue, indicative of the presence of the TIL. The
slides were then counterstained to aid visualization and
stained for better contrast, with washes between each step.

Finally, the slides underwent a process of dehydration
and clearing to remove tissue fluid and dehydrants
respectively. Alongside these samples, negative and
positive controls were run for validation, with tonsil tissue
serving as the positive control. This detailed procedure
enabled a thorough examination of TIL expression in
breast cancer biopsy samples.

Slide Reading

In our study, the expression of CD4+, CD8+, and
FOXP3+ Tumor Infiltrating Lymphocytes (TIL) and the
pathological response of the malignant pleural (MP) were
examined using immunohistochemical staining. Two
researchers independently assessed five distinct visual
fields at 400x magnification in representative areas for
each sample. To ensure the consistency and validity of
their assessments, an Intraclass Coefficient Correlation
was calculated, revealing an interobserver difference of
less than 10%. This evaluation was conducted in a blinded
manner, with evaluators unaware of sample groupings,
utilizing the ImageJ software to manually determine both



intratumoral and peritumoral expression levels through
careful counting across all samples.

The assessment of CD4+, CD8+, and FOXP3+
TILs was conducted quantitatively with an Olympus
Bx51 microscope. Lymphocyte counts were accurately
determined by averaging their presence across five
distinct fields of view at 400x magnification. This process
encompassed both peritumoral (surrounding the tumor)
and intratumoral (within the tumor) regions to provide
a comprehensive analysis. The combined counts from
these two regions formed the total expression of each
TIL type, ensuring a detailed and precise representation
of their distribution and abundance within the tumor
microenvironment.

Statistical Analysis

Before analysis, Microsoft Excel was used to input
data gathering into a main table (Microsoft Corp,
Redmond, WA, USA). Statistical Package for the Social
Sciences / SPSS version 20 was used to analyze and
display the tabulated data (IBM Corp, Armonk, NY, USA).
All categorical variables are expressed as frequency and
analyzed with Fisher’s exact test. Then, ordinal logistic
regression was utilized to conduct a multivariate study of
CD4+, CD8+, and FOXP3+ TIL incorporation.

Results

The expressions of CD4+, CD8+, and FOXP3+
TIL was evaluated in each of the forty samples using
immunohistochemistry. Intratumoral and peritumoral TIL
images on each stain, both CD4+, CD8+, and FOXP3,
can be seen in Figure 1. In addition to the expression
of CD4+, CD8+, and FOXP3+ TIL, clinicopathological
characteristics data were also analyzed against MP, as
shown in Table 1. Univariate analysis showed a significant
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relationship between CD4+ TIL and MP (p<0.001), CD8+
and MP (p=0.004), and FOXP3 with MP (p<0.001). There
are no other variables that have a significant relationship.
The results of this univariate analysis were followed by an
inter-biomarker integration analysis using ordinal logistic
regression, as shown in Table 2. In this multivariate
analysis, there were four models tested, namely CD4+
CD8+ FOXP3+ (model 1), CD4+ CD8+ (model 2), CD4+
FOXP3+ (model 3), and CD8+ FOXP3+ (model 4).

The impact of CD4+, CD8+, and FOXP3+ TIL on the
MP was calculated using an ordinal logistic regression
with proportionate odds for odds ratio (OR), as shown
in Table 2 (no missing value was observed). In model 1,
there were some positive associations between MP and
CD4+TIL (OR: 1.013; 95% CI, 0.722-1.421), CD8+ TIL
(OR: 1.050; 95% CI, 0.996 to 1.107), along with FOXP3
(OR: 1.979; 95% CI, 0.815 to 4.807). In model 2, its OR
were 1.339 (95% CI, 1.134 to 1.581) for CD4+ and 1.053
(95% CI, 0.993 to 1.116) for CD8+. In model 3, its OR
were 1.049 (95% CI, 0.771 to 1.426) for CD4+ and 2.039
(95% C1, 1.327 to 3.132) for FOXP3. In model 4, its OR
were 1.050 (95% CI, 0.996 to 1.106) for CD8+ and 2.039
(95% CI, 1.327 to 3.132) for FOXP3.

Discussion

This study shows that CD4+, CD8+, and FOXP3+
TIL have promising potential as predictive biomarkers.
This statement is illustrated by the univariate analysis
results, which show a significant association with the
MP grading system without significant confounding.
This univariate analysis was followed by multivariate
analysis with ordinal logistic regression, which yielded
surprising results. The simultaneous integration of
the three biomarkers in one model (model 1) was not
good enough to be a predictive model. Therefore, an
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Figure 1. Intratumoral and Peritumoral TIL Images on (A) CD4+, (B) CD8+, and (C) FOXP3. The black arrow
indicates peritumoral TIL. The red arrow indicates intratumoral TIL. Scale bar represents 50 pm for all images.
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Table 1. Clinicopathological Characteristics of Invasive Breast Cancer Patients Treated with Neoadjuvant
Chemotherapy at Dr. Cipto Mangunkusumo National Hospital, Jakarta, Indonesia

Variables Miller-Payne P-value
1 2 3 4 5
Age
<50 y.o. 0 (0.0%) 6 (66.7%) 3 (33.3%) 0 (0.0%) 0 (0.0%) 0.368
>50 y.o. 4 (12.9%) 9 (29.0%) 13 (41.9%) 3(9.7%) 2 (6.5%)
Tumour grade
1 0 (0.00%) 2 (66.7%) 1(33.3%) 0 (0.0%) 0 (0.0%) 0.762
2 4 (16.7%) 7 (29.2%) 9 (37.5%) 2 (8.3%) 2 (8.3%)
3 0 (0.0%) 6 (46.2%) 6 (46.2%) 1(7.7%) 0 (0.0%)
ER status
Negative 0 (0.00%) 0 (0.0%) 1 (50.0%) 1 (50.0%) 0 (0.0%) 0.245
Positive 4 (10.5%) 15 (39.5%) 15 (39.5%) 2 (5.3%) 2 (5.3%)
PR status
Negative 2 (11.10%) 5(27.8%) 10 (55.6%) 1 (5.6%) 0 (0.0%) 0.354
Positive 2 (9.1%) 10 (45.5%) 6 (27.3%) 2 (9.1%) 2 (9.1%)
HER?2 status
Negative 3 (10.30%) 11 (37.9%) 11 (37.9%) 2 (6.9%) 2 (6.9%) 1
Positive 1(9.1%) 4 (36.4%) 5(45.5%) 1(9.1%) 0 (0.0%)
Ki67 status
Low 1 (7.10%) 6 (42.9%) 6 (42.9%) 1 (7.1%) 0 (0.0%) 0.953
High 3 (11.5%) 9 (34.6%) 10 (38.5%) 2 (7.7%) 2 (7.7%)
CD4+ 2.35(2.08) 13.32 (4.72) 36.23 (14.09) 55.33(20.02) 105.10(21.07)  <0.001*
CD8+ 14.80 (6.27) 31.07 (12.34) 43.80(20.99) 52.07 (47.92)  55.90 (32.35) 0.004*
FOXP3+ 2.20 (0.40) 791 (3.19) 17.34 (4.27) 24.53 (8.75) 55.40 (27.72) <0.001*

CD, cluster of differentiation; ER, estrogen receptor; FOXP3, forkhead box P3; HER2, human epidermal growth factor receptor 2; PR, progesterone
receptor; All categorical variables are expressed as frequencies and analyzed using Fisher’s exact test; *P-value less than 0.05 is considered
statistically significant.

Table 2. Ordinal Logistic Regression Analysis Predicting Neoadjuvant Chemotherapy Response in Invasive Breast
Cancer Based on CD4+, CD8+, and FOXP3+ TIL Expression at Dr. Cipto Mangunkusumo National Hospital, Jakarta,
Indonesia

Variables Model 1 Model 2 Model 3 Model 4
(CD4+CD8+FOXP3+) (CD4+CD8+) (CD4+FOXP3+) (CD8+FOXP3+)

Miller-Payne Threshold
Grade 1 3.043* 2.14 1.885 3.075%
Grade 2 10.070%* 7.534%* 8.350* 10.168%*
Grade 3 19.653* 19.174%* 16.896* 19.636*
Grade 4 27.632% 27.151* 25.132% 27.579*
CD4+ 0.049 0.292%* 0.048
CD8+ 0.683 0.051 0.601 0.049
FOXP3+ 0.013 0.712*
Model Fitting (x*) 68.869* 65.856%* 65.281* 68.864*
Goodness of fit
Pearson (i) 83.92 68.456 74.473 85.31
Deviance (%) 35.822 38.836 39.41 35.828
Pseudo R?
Cox and Snell 0.821 0.807 0.804 0.821
Negelkerke 0.886 0.871 0.868 0.886
McFadden 0.658 0.629 0.624 0.658
Test of parallel lines (%) 3.653 3.456 4.632 3.772

CD, cluster of differentiation; FOXP3, forkhead box P3; *P-value less than 0.05 is considered statistically significant.
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exploratory analysis was conducted by testing several
alternative models that combined two of the three existing
biomarkers. It turned out that CD4+ TIL in model 2 and
FOXP3+ TIL in model 4 showed significant coefficient
values. Moreover, all of the threshold coefficients in
model 4 are significant, which means that the model can
discriminate against MP grading at each threshold well.
These findings can explain and support various theories
and research on using these predictive biomarkers.

The association between CD4+, CD8+, and FOXP3+
TIL and MP is predicated on several hypotheses about
the anticancer function of this biomarker. The immune
response to tumour progression is caused by innate and
adaptive immune responses [25]. The main agents of
adaptive immunity against tumour cells are T cells that
require cross-presentation by host antigen-presenting cells,
particularly dendritic cells [25]. In the early stages, tumour
cells are digested and processed in APC. The peptide
obtained then binds to MHC class I molecules which will
later be recognized by T cell lymphocytes-tumours [25,
26]. Effector T cell lymphocytes-tumours are then ready
and able to recognize and destroy target cells/tumour cells
by delivering proteins (perforins and granzymes) that
induce cell death [25, 26]. The presence of high levels
of CD4+, CD8+, and FOXP3+ TIL causes tumour cells
to be more sensitive to chemotherapy and have higher
cytotoxic effects so that after chemotherapy, lower tumour
cellularity correlates with high Miller Payne scores, good
pathological response. NCs, including anthracyclines or
taxane, have been shown to have immunomodulatory
effects on tumour cells [27, 28]. It stimulates an immune
response by inducing immunogenic cell death [27, 28].
Several mechanisms occur in this process, including
the translocation of calreticulin from the lumen of the
endoplasmic reticulum to the cell surface, which serves
as a signal to kill cells and stimulates the elimination
of tumour cells by phagocytes and dendritic cells [29].
Anthracyclines will also trigger ATP release in the
post-mortem phase of tumour cell death and stimulate
tumour cells to produce interferon type 1, which induces
release [30]. Another mechanism is that anthracyclines
can simulate the release of High mobility group box 1
(HMGBI1) protein, which triggers cell maturation [31].
The endpoint of maturation of these interstitial dendritic
cells is more expansion and differentiation of T cells
against tumour cells [31]. In addition, the findings of
this study are supported by several other studies that
demonstrate that the value of CD4+ [32-34], CD8+ [35,
36, 22], and FOXP3+ [37, 23, 38] TIL before NC are
predictive parameters, indicating that the systemic and
tumour microenvironment immunological profiles play
a crucial role in response to chemotherapy.

Interestingly, CD4+, CD8+, and FOXP3+ TIL did
not show significant integration when analyzed in the
same model (model 1). Further exploratory analysis
even showed that FOXP3+ TIL had a dominant role
as a predictive biomarker of pathological response,
followed by CD4+ TIL and CD8+ TIL. In addition,
the regression model that includes FOXP3+ and CD8+
(model 4) is the best model, with FOXP3+ as the
dominant variable influencing the prediction model. This
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finding demonstrates the potential of FOXP3+ TIL as an
independent predictive biomarker. This characteristic
may be supported by the function of FOXP3+ primarily
on T regulatory cells [39]. By repressing the production
of SKP2 and HER2, two oncogenes associated with
breast cancer, FOXP3 slows the spread of tumor cells
[40, 41]. In addition, apoptosis and tumor suppression
in animal models may result from activating FOXP3
expression in breast cancer cell lines [40-42]. Based
on these biochemical observations, it appears that the
activity of FOXP3 in cancer cells may be breast tumor
subtype dependent, especially with respect to carcinogenic
pathways.

In this study, several limitations can be addressed for
further research. Although the sample size of this study is
in line with the power in calculating the minimum sample
size, more research samples are needed to obtain more
accurate regression models as predictions. We are aware
that this is a major limiting factor of this study. However,
we have mitigated this by conducting an extensive and
comprehensive statistical analysis. In addition, because
it was conducted at a national referral centre, this study
has a wide variation in breast cancer. This is indicated
by the still at least IBC grade 1 included in this study.
Nevertheless, this study can be a reference for further
research on integrating predictive biomarkers in IBC.

In conclusion, this study shows that CD4+, CD8&+,
and FOXP3+ TIL have promising potential as predictive
biomarkers. In particular, FOXP3+ is dominant in
predictive models of pathological response in patients
with IBC.
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