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Objective: This study aims to investigate the correlation between the CD8+ tumor-infiltrating lymphocytes (TILs) expression and the
efficacy of neoadjuvant therapy (NAT) in breast cancer, while previous studies have reported inconsistent findings regarding the
predictive value of CD8+ TILs.

Methods: Data from 94 breast cancer patients who underwent NAT between January 2017 and June 2019 were retrospectively
analyzed. Preoperative CD8+ TILs expression was evaluated through immunohistochemistry, and its association with clinical and
pathological responses to NAT was assessed.

Results: Univariate analysis indicated that tumor stage, axillary lymph node status, and intratumoral CD8+ TILs were correlated with
clinical complete response (cCR). Multivariate analysis identified intratumoral CD8+ TILs as an independent predictor of cCR (OR
3.038; p=0.02). Patients achieving pathological complete response (pCR) exhibited significantly higher intratumoral CD8+ TILs
expression compared to those without (p=0.04). Univariate analysis also linked estrogen receptor (ER), progesterone receptor (PR),
HER? status, and intratumoral CD8+ TILs to pCR, with multivariate analysis confirming intratumoral CD8+ TILs as an independent
predictor (OR 4.036; p=0.02).

Conclusion: Our findings suggest that intratumoral CD8+ TILs are an independent predictor of the efficacy of neoadjuvant therapy in
breast cancer. In the future, incorporating intratumoral CD8+ TILs into existing clinicopathological predictive models and combining
their assessment with other immune biomarkers may enable the development of more robust predictive tools, thereby providing a solid
foundation for truly individualized and precision-based neoadjuvant treatment in breast cancer.
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Introduction

Breast cancer is the most common malignancy and the leading cause of cancer-related mortality among women in China,
posing a substantial public health burden' Neoadjuvant therapy (NAT) has become a standard treatment strategy for
patients with locally advanced and selected early-stage breast cancer. The primary objectives of NAT are to downstage
tumors, increase the feasibility of breast-conserving surgery, and provide an in vivo assessment of chemosensitivity to
guide subsequent treatment decisions. Patients who achieve a pathological complete response (pCR) after NAT experi-
ence significantly prolonged disease-free survival and overall survival® However, NAT is also associated with potential
risks, including tumor progression, treatment-related toxicity, and delays in surgical intervention®* Therefore, accurately
identifying patients who are most likely to benefit from NAT before treatment initiation remains a critical challenge for

maximizing therapeutic efficacy while minimizing associated risks.
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Currently, clinical decision-making largely relies on conventional clinicopathological characteristics, such as estrogen
receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor 2 (HER2), and Ki-67 expression.
Nevertheless, the predictive accuracy of existing models remains suboptimal, resulting in a subset of patients being
exposed to unnecessary treatment. This underscores the urgent clinical need to identify novel and more effective
predictive biomarkers.

The tumor immune microenvironment, particularly tumor-infiltrating lymphocytes (TILs), plays a crucial role in
modulating therapeutic response. Among these immune components, CD8+ T lymphocytes, as cytotoxic T cells, are key
effectors of antitumor immunity. They exert direct antitumor activity through the release of perforin, granzymes, and
proinflammatory cytokines. However, previous studies investigating the predictive value of CD8+ TILs in the context of
NAT have yielded inconsistent and sometimes contradictory results* ' A critical factor contributing to these discrepan-
cies may be the spatial heterogeneity of CD8+ TILs within tumor tissue. Most prior studies have evaluated total TILs
without spatial distinction or have focused predominantly on stromal TILs. In contrast, CD8+ T cells that infiltrate tumor
nests and directly interact with tumor cells (intratumoral CD8+ TILs) may exhibit distinct functional states and clinical
relevance compared with those residing in the tumor stroma. To date, evidence specifically addressing this intratumoral
CD8+ TIL subset remains limited, and whether it represents a superior predictive biomarker has yet to be clarified.

Hence, to reconcile inconsistencies in previous reports and to explore biomarkers with enhanced predictive potential,
the present study aimed to precisely distinguish and quantitatively assess intratumoral and stromal CD8+ TILs. We
systematically investigated their associations with clinical response (cCR) and pathological response (pCR) to neoadju-
vant therapy in breast cancer, with the goal of providing a theoretical foundation for the development of more accurate
predictive models for treatment efficacy.

Methods
Study Population

We conducted a retrospective analysis of all breast cancer patients who received neoadjuvant therapy at the People’s
Hospital of Guangxi Zhuang Autonomous Region between January 2017 and June 2019. The study protocol was
approved by the Ethics Committee of the People’s Hospital of Guangxi Zhuang Autonomous Region (approval number:
NO.KY-IIT-2021-20) and complies with the Declaration of Helsinki. The informed consent was waived by the committee
due to the retrospective design of the study and the use of anonymized clinical data. Collected clinical and pathological
variables included patient age, menstrual history, tumor size, lymph node status, histological grade, hormone receptor
status, HER2 status, and Ki-67 expression (Supplementary S3).

Patients with HER2-negative breast cancer received neoadjuvant chemotherapy comprising taxanes, anthracyclines,
and cyclophosphamide. Those with HER2-positive tumors were treated with anthracyclines and cyclophosphamide
followed by sequential taxanes and trastuzumab-based targeted therapy. Following NAT treatment, all patients underwent
either modified radical mastectomy or breast-conserving surgery with axillary lymph node dissection.

Exclusion criteria included inflammatory breast cancer, multiple malignancies, acute or chronic injuries, active
inflammatory conditions, hematological disorders, liver cirrhosis, or end-stage renal disease. Based on these criteria,
a total of 94 patients were included in the analysis (Figure 1). All treatment regimens were designed in accordance with
the 2019 CSCO Breast Cancer Guidelines.

Pathological Characteristics

Histological grading was conducted according to the “Histological Grading of Breast Cancer (Modified Scarff-Bloom-
Richardson Grading System)” and classified into grades G1-G3. Estrogen receptor (ER) and progesterone receptor (PR)
positivity thresholds were set at >1% based on immunohistochemical (IHC) evaluation. HER2 positivity was defined as IHC 3
+, while cases with IHC 2+ required further assessment of expression status using fluorescence in situ hybridization (FISH) to
determine gene amplification. HER2 status was classified as positive if FISH amplification was observed, whereas [HC 1+
was considered HER2 negative. Ki-67 expression levels were categorized as low (<15%), intermediate (15%-30%), or high
(>30%). For cases with intermediate Ki-67 levels, additional pathological consultation was conducted for confirmation.The
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CD8+ TIL assessment and efficacy evaluation in all patients

(n=94)

Figure | Flowchart of patient selection.
Abbreviation: CD8+ TIL, CD8-positive tumor-infiltrating lymphocyte.

clinical efficacy of NAT was assessed using breast mammography or MRI imaging following the RECIST 1.1 Criteria for
Evaluating Solid Tumor Response. Clinical complete remission (cCR) was defined as the disappearance of all detectable
breast cancer lesions, with the short axis of all pathological lymph nodes measuring <10mm and tumor markers within normal
range. Pathological complete remission (pCR) was evaluated in accordance with the CSCO Breast Cancer Diagnosis and
Treatment Guidelines, pCR was defined as the absence of histological evidence of malignancy carcinoma in both the primary
breast lesion and regional lymph nodes, or the presence of only in situ carcinoma components.

Detection and Evaluation of CD8+ TILs
The expression of CD8+ TILs in baseline and preoperative primary tumor tissues was evaluated using immunohisto-
chemistry (IHC). The CD8 rabbit anti-human polyclonal antibodies and secondary antibodies were sourced from Beijing
Zhongshan Golden Bridge Biotechnology Co., Ltd., and the immunohistochemistry staining kit was procured from
Fuzhou Maixin Biotechnology Development Co., Ltd. Formalin-fixed, paraffin-embedded tissue sections were prepared
according to standard procedures, including sectioning, deparaffinization, and rehydration. Endogenous peroxidase
activity was blocked with 3% hydrogen peroxide, followed by nonspecific protein blocking with 2% bovine serum
albumin (BSA) for 10 minutes. The sections were incubated with the primary anti-CD8 antibody (1:200 dilution)
overnight at 4 °C and subsequently incubated with the secondary antibody (1:1000 dilution) at 37 °C for 30 minutes.
Immunoreactivity was visualized using diaminobenzidine (DAB) chromogen, followed by hematoxylin counterstaining,
routine dehydration, and mounting.

For each staining run, both positive and negative controls were included. Tonsillar tissue sections with known CDS8
positivity served as positive controls, whereas phosphate-buffered saline (PBS) was used in place of the primary antibody
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as negative controls. Only staining runs in which control results met predefined expectations were considered valid for
subsequent analysis. Based on spatial distribution, CD8+ TILs were classified as intratumoral or stromal. Intratumoral
CD8+ TILs were defined as lymphocytes strictly located within tumor cell nests, whereas stromal CD8+ TILs were
defined as lymphocytes located within the fibrous connective tissue between tumor cell nests, excluding normal breast
stroma beyond the invasive tumor front.'?

Quantitative evaluation was performed by manual counting under high-power magnification (x400). When CD8+
TILs were evenly distributed, three representative tumor “hotspot” areas were randomly selected, and the mean CD8+
TIL count within and surrounding the tumor was calculated. In cases of heterogeneous distribution, the fields with the
highest and lowest CD8+ TIL densities were excluded, and the mean value was calculated from three randomly selected
high-power fields.'®

All immunohistochemical evaluations were independently performed by two experienced pathologists who were
blinded to the patients’ clinical information. If the discrepancy between the two observers exceeded 20%, the slides were
jointly reviewed to reach a consensus. The final CD8+ TIL count was calculated as the average of the mean values
obtained by the two pathologists.

Patients were subsequently stratified into low- and high-infiltration groups according to the median CD8+ TIL count,
with values < median defined as low infiltration and values > median defined as high infiltration.’

Statistical Analysis
Statistical analyses were conducted using SPSS version 24.0. Continuous variables were presented as mean+standard
deviation (SD) and compared between groups using the Mann—Whitney U-test. Categorical variables were expressed as
frequencies and percentages, with group comparisons performed using the chi-square test or Fisher’s exact test, as
appropriate. To identify factors predictive of cCR and pCR in breast cancer patients undergoing neoadjuvant therapy,
univariate and multivariate logistic regression models were applied. All statistical tests were two-sided, with a p-value of
<0.05 considered indicative of statistical significance.

For multivariate logistic regression analyses of cCR and pCR, variables were selected based on their significance in
univariate analyses. Only variables showing statistical significance in univariate analyses (p < 0.05) were considered.
This approach ensured that only variables with potential predictive relevance were considered.

Results
Distribution and Expression of CD8+ TILs

CD8+ TILs were identified via immunohistochemistry, with positive CD8 staining observed in the cytoplasm and cell
membrane. A diffuse distribution pattern was observed for CD8+ TILs in both intratumoral and stromal regions, with
stromal CD8+ TILs exhibiting higher abundance compared to their intratumoral counterparts (Figure 2).

CD8+ TILs and Clinicopathological Characteristics

The Chi-square test revealed significant associations between intratumoral CD8+ TIL infiltration and age, menstrual
status, estrogen receptor (ER) status, progesterone receptor (PR) status and molecular subtype (p < 0.05). However, no
significant associations were observed between intratumoral CD8+ TIL infiltration and T stage, axillary lymph node
status, HER2 status, or Ki-67 index (p>0.05). Additionally, stromal CD8+ TIL infiltration showed no significant
correlations with any clinicopathological features (p>0.05). The detailed relationship between baseline CD8+ TILs and
clinicopathological characteristics is presented in Table 1.

CD8+ TILs and Clinical Response to Treatment

After neoadjuvant therapy, 30 patients were evaluated as having achieved a clinical complete response (cCR). The
Mann—Whitney U-test was performed to evaluate the differences in CD8+ TILs expression between cCR and non-cCR
patients. The analysis revealed no statistically significant differences in the expression levels of intratumoral or stromal
CD8+ TILs between the two groups (p > 0.05, Supplementary S1 and S2). However, univariate logistic regression
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Figure 2 Immunohistochemistry slides of CD8+ TILs. (A) Baseline CD8+ TILs under x200 magnification. Black arrows indicate iCD8+ TILs, and red arrows indicate sCD8+
TILs. Both intratumoral and stromal CD8+ TILs are diffusely distributed, with sCD8+ TILs being more abundant than iCD8+ TILs. (B) Baseline CD8+ TILs under x400
magnification, showing positive staining of the cell membrane and cytoplasm (indicated by arrows).

analysis identified T stage, axillary lymph node status, and intratumoral CD8+ TILs as factors associated with cCR.
Multivariate logistic regression analysis, which included T stage, axillary lymph node status, and intratumoral CD8+
TILs, confirmed intratumoral CD8+ TILs as an independent predictor of cCR (OR 3.038; p = 0.02, Table 2). This

Table | Baseline CD8+ TIL Expression and Clinicopathological Characteristics

Clinicopathological factors iCD8+ TILs sCD8+ TiLs

™ Low | High | P Low | High | P

Age(year)

<50 33 18 <0.01 | 26 25 0.84

>50 16 27 21 22

Menopausal status 0.0l 0.68

Premenopause 29 15 23 21

Menopause 20 30 24 26

T Stage 0.62 0.26

TI-2 35 30 30 35

T3-4 14 15 17 12

Lymph nodes status 0.46 0.38

Negative 15 17 18 14

Positive 34 28 29 33

ER <0.01 0.84

Negative 13 28 20 21

Positive 36 17 27 26

PR <0.01 0.41

Negative 15 31 21 25

Positive 34 14 26 22

HER2 0.24 0.21

Negative 32 24 25 31

Positive 17 21 22 16

KI-67 0.63 0.8l

<15% 13 10 I 12

215% 36 35 36 35

Molecular subtype <0.01 0.29

Luminal A 13 2 8 7

Luminal B 23 15 19 19
(Continued)
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Table 1 (Continued).

Clinicopathological factors iCD8+ TILs sCD8+ TILs
(n) . .
Low | High Low | High | P
HER2 13 16 17 12
TNBC 0 12 3 9

Notes: y’-test, o = 0.05.

Abbreviations: ER, Estrogen receptor; HER2, Human epidermal growth factor receptor 2; PR,
Progesterone receptor; iCD8+TILs, Intratumoral CD8+ tumor-infiltrating lymphocytes; sCD8
+TILs, Stromal CD8+ tumor-infiltrating lymphocytes.

Table 2 Univariate and Multivariate Logistic Regression Analysis of Clinical

Efficacy

Characteristic Univariate Analysis Multivariate Analysis
OR (95% CI) [ OR (95% CI) [

Age 1.566 (0.655-3.746) | 0.31

Menopausal status 1.008 (0.423-2.405) | 0.98

T Stage 2.294 (0.917-5.742) | 0.07 | 2.157 (0.821-5.668) | 0.11

Axillary lymph nodes | 0.447 (0.182—1.101) | 0.08 | 0.492 (0.191-1.268) | 0.14

ER 0.834 (0.349-1.885) | 0.68

PR 0.772 (0.324-1.841) | 0.56

HER2 1.193 (0.495-2.875) | 0.69

Ki-67 0.842 (0.311-2.276) | 0.84

iCD8+ TILs 3.120 (1.256-7.752) | 0.01 | 3.038 (1.191-7.747) | 0.02

sCD8+ TlLs 1.482 (0.619-3.549) | 0.37

Notes: Univariate and multivariate logistic regression analyses, o = 0.05.

Abbreviations: ER, Estrogen receptor; HER2, Human epidermal growth factor receptor 2; PR,
Progesterone receptor; iCD8+ TILs, Intratumoral CD8+ tumor-infiltrating lymphocytes; sCD8+
TILs, Stromal CD8+ tumor-infiltrating lymphocytes.

apparent discrepancy may be attributable to the fact that the association between intratumoral CD8+ TILs and ¢cCR does
not represent a simple distributional shift that can be optimally captured by a non-parametric group comparison, whereas
logistic regression may have greater statistical power to detect weaker or non-linear predictive effects.

CD8+ TILs and Pathological Response
A total of 22 patients achieved pathological complete response (pCR) following neoadjuvant therapy. The Mann—
Whitney U-test revealed a significant difference in intratumoral CD8+ TILs between patients achieving pCR and those
without (p = 0.04, Figure 3). Univariate logistic regression analysis indicated that ER, PR, HER?2 status, and intratumoral
CD8+ TILs were associated with pCR. While stromal CD8+ TILs did not reach statistical significance in univariate
analysis (p = 0.15, Table 3), were not included in the multivariate models.

Multivariate logistic regression analysis, adjusted for T stage, axillary lymph node status, ER, PR, HER2 status, and
intratumoral CD8+ TILs, demonstrated that intratumoral CD8+ TILs were an independent predictor of pCR (OR = 4.036;
p = 0.02, Table 3).

Discussion

NAT has become the standard of care for early high-risk and locally advanced breast cancer. NAT not only downstages
tumors to facilitate breast-conserving surgery and optimize surgical outcomes, but also informs subsequent precision
treatments based on therapeutic responses. The clinical efficacy of NAT plays a critical role in determining the timing of

surgical intervention, with pathological complete response (pCR) being closely linked to long-term prognosis.*
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Figure 3 Differential expression of iCD8+ TILs.
Abbreviations: iCD8+ TILs, Intratumoral CD8+ tumor-infiltrating lymphocytes; pCR, Pathological complete remission.

guide clinical decision-making.

Despite progress, limited research has explored the spatial distribution of CD8+ TILs and their impact on NAT
outcomes in breast cancer. Prior studies have yielded inconsistent findings. For instance, Previous research by Mao et al.
Mao® and Liu'* et al reported no significant correlation between stromal CD8+ TILs and pCR (p > 0.05). This aligns with
our findings, which suggest that stromal CD8+TILs have limited predictive value.While De et al* similarly found no

I
non-pCR

I
pCR

Table 3 Univariate and Multivariate Logistic Regression Analysis of Pathological

Response
Characteristic Univariate Analysis Multivariate Analysis
OR (95% CI) P OR (95% CI) P

Age 2.022 (0.766-5.337) | 0.16

Menopausal status 1.750 (0.654-4.681) 0.27

T Stage 2.325 (0.864-6.252) | 0.0l 1.805 (0.546-5.961) | 0.33
Axillary lymph nodes | 0.412 (0.155-1.095) | 0.08 0.483 (0.160-1.452) | 0.20
ER 0.264 (0.095-0.730) | 0.0l 0.648 (0.052-8.125) | 0.74
PR 0.268 (0.094-0.764) | 0.0l 0.775 (0.059-10.101) | 0.85
HER2 2.716 (1.021-7.226) | 0.05 1.449 (0.418-5.027) | 0.56
Ki-67 0.824 (0.279-2.438) | 0.73

iCD8+ TILs 5.343 (1.771-16.115) | <0.01 | 4.036 (1.206-13.508) | 0.02
sCD8+ TILs 2.068 (0.773-5.536) | 0.15

Notes: Univariate and multivariate logistic regression analyses, o = 0.05.
Abbreviations: ER, Estrogen receptor; HER2, Human epidermal growth factor receptor 2; PR,
Progesterone receptor; iCD8+ TILs, Intratumoral CD8+ tumor-infiltrating lymphocytes; sCD8+ TILs,
Stromal CD8+ tumor-infiltrating lymphocytes.

Although advances such as dual HER2 blockade and antibody-drug conjugates have significantly improved pCR rates,
some patients fail to derive clinical benefit, highlighting the urgent need to identify patients who are most likely to benefit
while minimizing treatment-related toxicity and cost. TILs have emerged as promising predictive biomarkers. Among
TILs, CD8+ TILs play a pivotal role in anti-tumor immunity, but their clinical utility for guiding NAT remains to be fully
elucidated.'® This study investigates the association between CD8+ TILs and NAT efficacy, aiming to provide insights to
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correlation between intratumoral or stromal CD8+ TILs and pCR (p > 0.05). In contrast, Viriya et al'> demonstrated that
high levels of both intratumoral (p = 0.008) and stromal CD8+ TILs (p = 0.002) were associated with increased pCR
rates. These discrepancies may arise from differences in study populations, molecular subtype distribution, therapeutic
regimens, immunohistochemical protocols, and TIL scoring criteria. Importantly, our study emphasizes the importance of
intratumoral CD8+ TILs, which were shown to have a more consistent association with therapeutic outcomes than their
stromal counterparts (p = 0.042), likely due to their direct cytotoxic interaction with tumor cells.

Our findings align with those of Viriya et al,14 showing that intratumoral CD8+ TILs significantly differed between
PCR and non-pCR patients (p = 0.042). Univariate analysis revealed a strong correlation between intratumoral CD8+
TILs and pCR (OR = 5.34; 95% CI: 1.771-16.115; p < 0.01), and multivariate analysis confirmed intratumoral CD8+
TILs as an independent predictor of pCR (OR = 4.036; 95% CI: 1.206-13.508; p = 0.02). Additionally, our study found
that intratumoral CD8+ TILs were also an independent predictor of cCR (OR = 3.038; 95% CI: 1.191-7.747; p = 0.02).
These results suggest that patients with high intratumoral CD8+ TILs expression are more likely to achieve both cCR and
pCR, underscoring the potential of combining CD8+ TILs with other predictive markers to more effectively identify
candidates likely to benefit from NAT and inform clinical decision-making.'*>"'> By focusing on CD8+ T lymphocytes,
and performing a refined evaluation based on their spatial distribution (intratumoral versus stromal), quantitative
assessment of intratumoral CD8+ TILs in pretreatment biopsy specimens offer a novel perspective for addressing the
longstanding discordance between radiologic or clinical response and pathological outcomes."*

Moreover, Sener et al'®

reported inconsistencies between clinical and pathological responses to NAT in breast cancer,
a finding corroborated by our study. This raises the clinical dilemma of whether to extend NAT to achieve pCR when clinical
response suggests surgical feasibility. While achieving cCR may guide surgical decisions, it does not always correlate with pCR,
which is a robust prognostic indicator.>® Theoretically, for patients in whom clinical efficacy reliably predicts pathological
response, extending NAT not only could mitigate risks, while potentially increasing pCR rates, thereby enhancing survival
benefits. In this context, intratumoral CD8+TILs have emerged as potential dual predictor of both cCR and pCR, offering
a promising tool to address this discordance. For patients with low intratumoral CD8+ TILs despite achieving cCR, there may be
residual disease risk warranting more aggressive surgical or adjuvant intervention. Conversely, high intratumoral CD8+ TILs in
patients who do not achieve cCR may indicate ongoing effective intratumoral immune activity, suggesting potential benefit from
extended NAT to maximize pCR.

The tumor immune microenvironment is highly complex. CD8+ T-cell activity is modulated by immunosuppressive
populations (eg, regulatory T cells), immune checkpoint molecules (eg, PD-L1), tumor mutational burden, and T-cell
receptor diversity. Future studies should evaluate multiparametric immune scoring systems integrating intratumoral
CD8+ TILs with these additional biomarkers to enhance predictive accuracy and identify patients most likely to benefit
from NAT, including strategies combining immune checkpoint inhibitors with chemotherapy.

This study has several limitations, including its retrospective single-center design, relatively small sample size, lack
of stratification by molecular subtype, and absence of long-term survival data. Consequently, the prognostic value of
CD8+ TILs beyond NAT response remains to be validated. Future prospective, multicenter studies with survival follow-
up are warranted to investigate associations between intratumoral CD8+ TILs, disease-free survival (DFS), and overall
survival (OS), thereby establishing their role in comprehensive breast cancer management.

Conclusion

Intratumoral CD8+ TILs were significantly associated with both clinical complete response and pathological complete
response in breast cancer patients receiving neoadjuvant therapy. These findings suggest that intratumoral CD8+ TILs
may serve as a potential predictive biomarker for treatment response. However, given the retrospective design and
limited sample size of this study, further prospective investigations incorporating additional immune biomarkers and

long-term survival outcomes are required to validate their clinical utility.
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