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Abstract
Introduction: Recent studies on more reliable predictors, such as TIL density and spatial localization, are associated with clinical 
and pathological features. 
Aim: - to improve comprehensive treatment of advanced breast cancer patients by focusing on tumor infiltrating lymphocytes density. 
Methods: We examined TILs in 150 advanced breast cancer (ABC) and non-ABC patients, focusing on their spatial distribution 
in the tumor. 
Results: TIL decline following neo-adjuvant chemotherapy (NC) is associated with the ABC (OR: 0.25, 95% CI: 0.013-0.56, p 
= 0.018). The difference in peripheral immunological markers between ABC and non-ABC was not statistically significant. 75 
individuals had remaining status after NC. In this group, having a low number of TIL before NC (HR: 0.23, 95% CI: 0.05-1.02, p = 
0.05) was associated with a longer OS, whereas having a high number of TIL after NC (HR: 0.29, 95% CI: 0.10-0.97, p = 0.047) 
and a low answer of cancer cell to therapy (HR: 0.20, 95% CI: 0.11-0.98, p = 0.044) (RFS), that leaded to chemoresistance 
and relapses. 
Conclusions: ABC patients with a higher number of TIL following NC associated with a poor outcome. The quantity of TIL was 
considerably decreased following NC in both groups.
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Resumen
Introducción: Estudios recientes sobre predictores más fiables, como la densidad de TIL y la localización espacial, se asocian 
con características clínicas y patológicas. 
Objetivo: mejorar el tratamiento integral de las pacientes con cáncer de mama avanzado centrándose en la densidad de linfocitos 
infiltrantes tumorales. 
Metodología: Examinamos los TIL en 150 pacientes con cáncer de mama avanzado (ABC) y no ABC, centrándonos en su 
distribución espacial en el tumor. 
Resultados: La disminución de TIL tras la quimioterapia neoadyuvante (NC) está asociada al ABC (OR: 0,25; IC 95%: 0,013-0,56; 
p = 0,018). La diferencia en los marcadores inmunológicos periféricos entre ABC y no ABC no fue estadísticamente significativa. 
75 individuos tenían estado remanente después de NC. En este grupo, tener un número bajo de TIL antes de la NC (HR: 0,23; 
IC 95%: 0,05-1,02; p = 0,05) se asoció con una SG más larga, mientras que tener un número alto de TIL después de la NC (HR: 
0,29; IC 95%: 0,10-0,97; p = 0,047) y una baja respuesta de las células cancerosas a la terapia (HR: 0,20; IC 95%: 0,11-0,98; p 
= 0,044) (RFS), que condujo a quimiorresistencia y recaídas. 
Conclusiones: Los pacientes con ABC con un mayor número de TIL tras la NC se asociaron a un mal pronóstico. La cantidad de 
TIL disminuyó considerablemente tras la NC en ambos grupos.

Palabras clave: Cáncer de mama, linfocitos infiltrantes de tumores, quimiorresistencia, recurrencia.
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Introduction

Although the clinical outcomes of most breast cancer 
subtype have improved, the prognosis for advanced 
breast cancer (ABC) remains poor, with a 5-year overall 
survival rate of 39%1 and recurrence-free survival 21% 
and chemoresistance rate about 34 %2.

Current treatment guidelines for stage III ABC recommend 
preoperative chemotherapy followed by surgical 
resection and adjuvant radiation therapy3. Currently, the 
National Cancer Network (NCCN) guidelines recommend 
that patients who respond appropriately to neo-adjuvant 
chemotherapy (NC) undergo total mastectomy with 
level I/II axillary lymph node dissection4. ABC patients 
have an approximate 43% increased risk of death 
compared to those with non-ABC5. There is increasing 
evidence that the tumor microenvironment (TME) is of 
paramount importance in ABC pathological biology. 
However, despite this well-documented association, 
the composition of ABC TME is very poorly described, 
especially when compared to other types of breast 
cancer. Histologically, ABC tumors show extensive 
involvement of lymph and blood vessels, cancer-related 
fibroblasts and their associated extracellular matrix, and 
invasive immune cells6.

This suggests that ABC clinical and research studies 
need to consider TIL in addition to stage. This results in 
better results for patients with high TIL, than for patients 
with low TIL. Is an immune checkpoint molecule that is 
more abundant in both ABC tumor cells and TIL than 
non-ABC and is a potential predictive biomarker for 
immunotherapy7.

Previous studies have shown that high numbers of 
tumor-infiltrating lymphocytes (TILs) do not consistently 
guarantee good results in all ABC patients. In Luminal 
HER2-negative patients, high TIL numbers are 
considered a prognostic factor that is detrimental to 
survival. TIL ought to be considered from an unused 
viewpoint in arrange to comprehensively get it the tumor 
microenvironment8. Recent studies on more reliable 
predictors, such as TIL density and spatial localization, 
are associated with clinical and pathological features. 
However, the association between clinical pathological 
features and para-neoplastic infiltrating lymphocytes (PIL) 
in the lobular region of para-neoplasm remains unclear9.

Like other cancers, the immune infiltrate of the ABC TME 
appears to be heterogeneous. However, immune-related 
gene expression in ABC appears to be distinct from non-
ABC tumors, independent of molecular subtype. To date, 
most studies have focused on the resident lymphocytes 
of ABC tumors. For instance, it has been reported that up 
to 41% of ABC tumors harbor dense aggregates of CD8+ 
cytotoxic T-lymphocytes. This was paralleled by a recent, 
larger study of 150 treatment naïve ABC patients, which 
reported that, on average, tumor infiltrating lymphocytes 

(TILs) comprise roughly 18% of the tumor stroma. Tumors 
with stroma composed of more than 10% leukocytes had 
a significant life-prolonging effect. This study also looked 
at molecular subtypes and investigated the status of 
hormone receptors and HER2. There was no significant 
difference in TIL infiltration between ABC and non-ABC 
tumors in the luminal and triple negative subgroup, but 
HER2-positive ABC tumors had TIL compared to HER2-
positive non-ABC tumors10.

Here we summarize the clinical evidence that explains 
the potential role of TIL in the pathological biology of ABC 
and past and present attempts to improve the treatment 
of ABC. Discuss the current status of ABC TME, where 
increased presence of TIL is associated with better 
response to chemotherapy. This decisively suggests TIL 
density as an important prognostic factor.

Materials and methods

The SNE “National Cancer Institute of Ukraine’s” 
institutional Ethics Committee authorized this study 
(Minutes No. 221 of December 23, 2020).

We presented findings from a study of ABC patients who 
were diagnosed and treated at the SNE “National Cancer 
Institute of Ukraine” between December 31, 2020, and 
December 31, 2022. In this study, we looked at all stage 
patients (n = 150) - the first group (75 patients) had ABC; 
the second group (75 patients) with non-ABC. Examine 
the progression of TIL between ABC and non-ABC. 
Anthracycline/taxane-based neo-adjuvant chemotherapy 
(NC) followed by a lumpectomy or mastectomy was also 
required for participation. Trastuzumab was given to 
HER2 positive individuals (n = 26 non-ABC/31 ABC).

Results based on clinical data, biomarker data, and 
surgical and resected tissue discoveries. 

The estimated 2-year overall survival (OS) and 
recurrence-free survival (RFS) values are reported, with 
statistical confidence intervals (CI). TILs were evaluated 
for prognostic significance in patients with ABC who were 
treated with chemotherapy in the neo-adjuvant context 
using the technique for reading TILs (as per International 
Immune-Oncology Biomarker Working Group criteria)11.

Three distinct researchers scored the TIL following NC on 
hematoxylin and eosin stained 5-mm slices of formalin-
fixed paraffin-embedded tumor tissue. The International 
TILs Working Group’s precise guidelines for rating 
TIL in remaining tumor tissue following neo-adjuvant 
treatment were followed12. With hematoxylyn and eosin 
slides containing the most invasive tumors surviving, a 
semi-quantitative evaluation of the fraction of stromal 
compartments impacted by TIL in all locations harboring 
invasive tumor cells was done. TIL was also assessed in 
the tumor bed for all ABC patients with pCR.
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TIL had an interclass correlation coefficient (ICC) of 
0.827 (95% CI: 0.776-0.882, p < 0.001), indicating 
high agreement. The mean was computed and 
utilized as a continuous and categorical variable: 
10% (category 1), 10%-40% (category 2), and 
40% (category 3). After speaking with additional 
pathologists, a consensus score was produced 
if the results differed. Cell counts were reported: 
the proportion of remaining tumor beds occupied 
by invasive cancer cells following microscopic 
examination of slides containing the greatest number 
of remaining tumors and also analyzed by TIL. Estrogen 
(ER) and progesterone receptor (PR) expression were 
measured using approved immune-histo-chemical 
techniques and were considered positive if the Alfred 
score was 3/8 or higher. When a fluorescence in situ 
hybridization (FISH) test revealed amplification, tumor 
samples were designated HER2-positive.

Statistical Analysis
A Mann-Whitney U test for continuous parameters was 
used to compare the two ABC and non-ABC groups. A 
Paired Wilcoxon signed-rank test was used to compare 
the evolution of the parameters before and after neo-
adjuvant chemotherapy. A multivariate logistic regression 
model was built using significant parameters from 
univariate analysis. The median value was utilized for 
distribution, and two survival endpoints were measured: 
The time between pathological diagnosis and cancer 
recurrence is defined as recurrence-free survival (RFS), 
while the interval between pathological diagnosis and 
death is defined as overall survival (OS). Patients who 
had not relapsed or died at the time of analysis were 
censored at the date of their final follow-up visit, with the 
survival data last updated on December 31st 2022.

The log-rank test was used to compare survival curves 
computed by Kaplan-Meier. A multivariate analysis 

proportional hazard model was used to assess the 
impact of all important clinical and pathological variables 
on survival. When p-values were less than 0.05, they 
were considered statistically significant.

Overall survival curves of advanced breast cancer patients 
treated with neo-adjuvant chemotherapy, according on 
pathological prognostic stage and TILs.

Results 

Tumor samples were considered HER2-positive (+) when 
a fluorescence in situ hybridization (FISH) test documented 
amplification. Systemic therapy altered over the research 
period, however the majority of HER2+ patients (n = 26 
non-ABC/31 ABC) received target therapy. The absence 
of carcinoma in the resected breast material and all 
collected regional lymph nodes following completion of 
neo-adjuvant chemotherapy was classified as partial or 
complete response (PCR). 

Table I describes the tumor features. The majority of 
the ABC patients had a hormone receptor (HR) positive 
malignancy (n = 39, 52.3%), and 50 exhibited PCR 
following neo-adjuvant treatment (75.0%). Aside from 
having more poorly differentiated tumors (p = 0.001) 
and a higher stage (p < 0.001), which are inherent to 
the classification of ABC, no significant clinical and 
pathological changes were detected between the ABC 
and non-ABC cohorts.

Evolution of TIL after neo-adjuvant chemotherapy
Following neo-adjuvant chemotherapy, the amount of TIL 
was reduced in both the ABC (median TIL: 11%, p = 
0.002) and non-ABC (median TIL: 12.5%, p = 0.007) 
groups, however the decline was considerably greater in 
the ABC cohort (p = 0.039). Figure 1.

Table I: Clinical and Pathological indicators non-ABC and ABC patients.

non-ABC-non-advanced breast cancer, ABC - advanced breast cancer, RS – remaining status, pCR – complete (partial) pathological response. Bold values denote 
statistical significance at the p < 0.05 level.

Indicators non-ABC  ABC p

Hormonal receptor status   0.48
 Negative 34 31 
 Positive 41 46 

HER2 status   0.89
 Negative 49 44 
 Positive 26 31 

Neo-adjuvant chemotherapy response   0.78
 RS  26 25 
 PCR 49 50 

Before neo-adjuvant chemotherapy TIL    0.24
 <12.5% 32 27 
 ≥12.5% 43 48 

After neo-adjuvant chemotherapy TIL in RS (%)    0.52
 <5% 42 54 
 ≥5% 33 21 

Difference in TIL before and after neo-adjuvant chemotherapy   0.022
 Increase (>5%) 6 7 
 No change  60 50 
 Decrease (<5%) 9 18 
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ABC patients showed a larger decline in TILs following 
NC (OR: 0.24, 95% CI: 0.21-0.66, p = 0.016) in a 
multivariate model containing all patients. A higher decline 
in TIL was related with a high number of TIL before to 
NC (OR: 0.029, 95% CI: 0.0018-0.175, p = 0.002) 
and a low number of TIL after NC (OR: 23.12, 95% CI: 
3.57-489.76, p = 0.008) in a model including just ABC 
patients – Table II.

In the overall cohort (including both ABC and non-ABC 
patients) the number of TIL after NC seemed to largely 
depend on the number of TIL (OR: 2.023, 95% CI: 1.18–
3.125, p = 0.04) and the remaining cancer cell count 
(OR: 2.05, 95% CI: 1.60-6.98, p = 0.004) -Table II. 

In the ABC cohort, the number of TIL after neo-adjuvant 
chemotherapy was only significantly associated with 
higher remaining cancer cell count (OR: 12.64, 95% CI: 
4.88-15.65, p < 0.001) - Picture 1a and 1b and worse 
clinical outcome (RECIST 1.1 – stabilization (without 
regression) after NC – Picture 2.

TIL decline following NC is associated with the ABC (OR: 
0.25, 95% CI: 0.013-0.56, p = 0.018). 

The difference in peripheral immunological markers 
between ABC and non-ABC was not statistically 
significant. 75 individuals had remaining status after NC. 
In this group, having a low number of TIL before NC (HR: 
0.23, 95% CI: 0.05-1.02, p = 0.05) was associated with 
a longer OS, whereas having a high number of TIL after 
NC (HR: 0.29, 95% CI: 0.10-0.97, p = 0.047) and a 
low answer of cancer cell to therapy (HR: 0.20, 95% CI: 
0.11-0.98, p = 0.044) (RFS) - Figure 2a; b.

Picture 1a: Cell counts were reported: the proportion of remaining tumor beds 
occupied by invasive cancer cells following microscopic examination of slides 
containing the greatest number of remaining tumors and also analyzed by TILs 
before neo-adjuvant chemotherapy.

Picture 1b: Cell counts were reported: the proportion of remaining tumor beds 
occupied by invasive cancer cells following microscopic examination of slides 
containing the greatest number of remaining tumors and also analyzed by TILs 
after neo-adjuvant treatment and a low answer of cancer cell to therapy..

Figure 1: Evolution of TIL after neo-adjuvant chemotherapy.

Figure 1 (A): Boxplot graph of the evolution of TIL after neo-adjuvant chemotherapy: 
In both ABC (median TIL: 11%, p < 0.001) and non-ABC (median TIL: 12,5%, p = 
0.06) the number of TIL are lower after neo-adjuvant chemotherapy. 

Figure 1 (B): ABC   Non-ABC

Boxplot depicting the evolution of median TIL after neo-adjuvant chemotherapy in individual ABC patients and nom-ABC patients: Out of 75 patients, 7 had an increase, 
50 had no change and 18 patients had a decrease; non-ABC, out of 75, 6 had an increase, 60 had no change and 9 patients had a decrease.

Indicators Univariate Analysis Multivariate Analysis

  OR (95% CI) p-Value OR (95% CI) p-Value

Non-ABC opposite ABC 0.22 (0.162–0.583) <0.001 0.235 (0.0217–0.759) 0.02
TIL before neo-adjuvant chemotherapy: <12.5% opposite ≥12.5% 0.079 (0.047–0.232) <0.003 0.028 (0.014–0.087) <0.001
TIL after neo-adjuvant chemotherapy: <5% opposite ≥5% 2.023 (1.18–3.125) 0.04 12.64 (4.88–15.65) <0.001
Remaining cancer cell count: <20% opposite >20% 2.021 (1.60–4.31) 0.065  

Table II: Uni- and multivariate analysis for decrease of TIL after neo-adjuvant chemotherapy HR - hormone receptor status, Bold values denote statistical significance 
at the p < 0.05 level.

Nataliia Babchenko et al. 
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Picture 2: Spiral computer scan left breast gland: a – skin edema and umbilication, tumor 3 cm, before neo-adjuvant chemotherapy; b – remaining skin edema and 
umbilication, tumor 2 cm, after neo-adjuvant chemotherapy.

a b

Figure 2: Kaplan–Meier curves for RFS. 

A. Patients with ≥4% sTIL after neo-adjuvant chemotherapy have a significant 
shorter RFS: Median survival of 18.0 months (95% CI: 15.1–20.9) opposite 20.9 
months (95% CI: 15.7–26.3), p = 0.002. 

B.A higher remaining cell count (≥17.5%) in the tumor bed is associated with a 
shorter RFS: Median survival of 14,3 months (95% CI: 7.7–20.3) opposite21.8 
months (95% CI: 19.4–24.6), p < 0.001.

In the ABC population, HR and HER2 status had no 
effect on OS or RFS. 

A low TIL score before NC (p = 0.028) remained a 
significant predictor of longer OS in the HR+ group, while 
a larger remaining cancer cell count (p = 0.018) and a 

rise in TIL after NC (p = 0.033) were associated with 
shorter RFS. In the HER-positive group, an increase in 
TIL after NC was related with a lower RFS (p = 0.048), 
but only a lower pre-neo-adjuvant chemotherapy TIL 
was associated with a longer OS (p = 0.028) in the TN 
patients - Table III.

Indicators Univariate Analysis  Multivariate Analysis 

  HR (95% CI) p HR (95% CI) p

HR negative opposite HR positive 0.35 (0.24–1.14) 0.06  
HER2 negative opposite HER2positive 1.15 (0.53–1.85) 0.07  
TIL before neo-adjuvant chemotherapy: <10% opposite ≥10% 1.32 (0.74–1.91) 0.09  
TIL after neo-adjuvant chemotherapy: <4% opposite ≥4% 0.33 (0.15–0.98) 0.003 0.33 (0.15–0.98) 0.003
Remaining cell count: <17.5% opposite ≥17.5% 0.12 (0.05–0.29) <0.002 0.24 (0.12–0.56) <0.002
Change: increase opposite decrease 2.11 (0.93–3.23) 0.03 2.15 (0.85–4.23) 0.11

Table III: Uni- and multivariate analysis for RFS in the group of ABC patients without pCR after neo-adjuvant chemotherapy. pCR – complete (partial) pathological 
response.

Tumor infiltrating lymphocytes density as the chemoresistance and relapse factor for advanced breast cancer patients
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Discussion

Similarly, to the Ochi T study13, we discovered that 
following neo-adjuvant treatment, TIL decreased in more 
patients. This was true in both the ABC (median TIL: 11%, 
p< 0.001) and non-ABC groups, although the median 
decline in the ABC cohort was larger (OR: 0.24, 95% CI: 
0.21-0.66, p = 0.016). Following NC, a high number of 
TIL was associated with a high number of residual cancer 
cells in our ABC cohort, indicating that more surviving 
tumor cells may attract more infiltrating immune cells. 

According to Vagia E14, a larger number of TIL following 
neo-adjuvant treatment correlates with decreased tumor 
burden as measured by tumor size and nodal status. This 
might explain why, in several studies, a larger number of TIL 
was linked to a better prognosis, like Van Berckelaer C15, 
notwithstanding our findings. Indeed, a greater number of 
TIL following NC was associated with a shorter OS (HR: 
0.24, 95% CI: 0.04-1.12, p < 0.05) and RFS (HR: 0.33, 
95% CI: 0.11-0.98, p = 0.046) in our ABC population.

While we found a link between cancer cell count and 
TIL count following neo-adjuvant treatment, both were 
independent prognostic indicators in the multivariate 
model. As a result, it appears that the predictive effect 
of TIL in our ABC cohort is more than just a reflection of 
tumor burden. The number of remaining tumor cells is not 
the only indicator of remaining tumor burden or response 
to neo-adjuvant chemotherapy, but chemoresistance 
and following relapses. According to Murthy R et al., a 
combination of RCB (residual cancer burden) and TIL is a 
more sensitive predictor of RFS than TIL alone16. 

TIL following NC had no effect on RFS in HER2+ BC, 
but had a borderline significant effect in TNBC, according 
to other researchers, so the HR state has an influence 
on the number of TIL - Zhang H17, however in univariate 
analysis, we only found a relationship between HR status 
and a more TIL. Even though the patient numbers for the 
different genetic subtypes were limited in our study, an 
increase in TIL was related with a shorter RFS in both the 
HR+ and HER2+ ABC cohorts, but not in the TN ABC 
cohort. The immune response to the tumor is influenced 
by the composition of the immune infiltrate as well as the 
functional state of immune cells. According to Loi S et 
al [8] a large number of CD8+ cells is advantageous in 
terms of both chemotherapeutic response and survival.

Rufell et al.18 demonstrated, for example, an increase in 
CD8+ cells and a decrease in CD20+ lymphocytes after 
chemotherapy. In the study of Gracia-Martinez et al.19, 
patients with high TIL after neo-adjuvant chemotherapy 
had a worse RFS, which was partially explained by 
the presence of many CD68+ macrophages that 
have been associated with tumor progression20. The 
unfavorable predictive effect of TIL following neo-adjuvant 
chemotherapy, as well as the greater decline in TIL in 
ABC, might thus be explained by a distinct immune 

infiltrate composition in ABC compared to non-ABC 
illness. It is critical to do more study to investigate the 
makeup and role of the various immune cells in ABC21.

The timing of surgery and the time since the previous 
chemotherapy session may alter the amount and 
composition of immune infiltrates, and hence the 
prognostic effect. In this study, we managed to explore 
the evolution of TIL ABC and compare this with a 
molecular subtype-matched cohort of non-ABC patients.
 
We showed that a low number of TIL after neo-adjuvant 
chemotherapy was associated with a longer RFS and that 
TIL tended to decrease in ABC compared to non-ABC.

There was neither significant difference in TIL score 
between ABC and non-ABC, nor the quantity of TIL was 
considerably decreased following NC in both groups. 

Despite recent breakthroughs in other types of breast 
cancer, ABC continues to pose a considerable clinical 
challenge and is frequently resistant to standard 
therapy. Though immunotherapy has transformed the 
treatment paradigm for a variety of malignancies, such 
methods have yet to demonstrate significant therapeutic 
benefit in ABC. As previously stated, the reasons for 
immunotherapy’s greater failure in ABC are unknown. 
Many of the same hurdles to treatment success that 
have hampered immune therapy in other breast tumors 
exist in ABC; nevertheless, there have been relatively few 
investigations investigating ABC’s intrinsic resistance to 
such techniques. Furthermore, the immunological milieu 
of the ABC TME is still being explored, with several results 
that are very context-specific and even inconsistent.

This is an important and relatively unexplored area of 
breast cancer research that deserves more investigation, 
especially given that ABC has a far poorer prognosis than 
stage-matched non-ABC breast cancer22.

Conclusions 

ABC is linked with a considerably lower TIL following 
neo-adjuvant chemotherapy. In ABC patients with a 
higher number of TIL following neo-adjuvant treatment 
associated with a poor outcome.

There was no significant difference in TIL score 
between ABC and non-ABC, and the quantity of TIL 
was considerably decreased following neo-adjuvant 
chemotherapy in both groups.
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