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ABSTRACT

Introduction: The assessment of tumor-infiltrating lymphocytes in breast cancer is strengthened as evidence points to the clinical
relevance of this immunological biomarker, especially in triple-negative and HER2-positive subtypes. Objectives: To evaluate the
prognostic value of tumor-infiltrating lymphocytes in patients with triple-negative and HER2-positive breast cancer subtypes,
especially their association with pathological complete response and survival. Methods: A cross-sectional study was conducted at
the Liga Norte Riograndense Contra o Cancer, Natal, Brazil, which included patients who underwent neoadjuvant chemotherapy
from June 2013 to June 2018, in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines, obtaining a sample of 216 patients. Results: There was no statistically significant difference between the variables
tumor-infiltrating lymphocytes (mild, moderate, and intense) and overall survival (p=0.52). It was observed that patients with
intense tumor-infiltrating lymphocytes had a 100% five-year survival rate, although this data was not statistically significant.
Variables such as the presence of metastasis (p=0.0024), clinical staging (p<0.0001), and local recurrence (p<0.0001) impacted
overall survival. Conclusions: In this study, no association was demonstrated between the concentration of tumor-infiltrating

lymphocytes and prognosis (overall and disease-free survival).
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INTRODUCTION

Breast cancer (BC) is the most common malignant neoplasm in
the world, excluding non-melanoma skin cancer. In 2020, approxi-
mately 2.3 million people worldwide, mostly women, were diag-
nosed with the disease, and of these, 684,996 died". For Brazil,
an estimated 73,610 new cases of breast cancer were expected
in 2023, with an estimated risk of 66.54 cases per 100 women®

Cancer cells have several genetic abnormalities that allow
them to proliferate spontaneously and survive, but the sur-
rounding environment (cancer microenvironment) also influ-
ences these cells and is involved in the intrinsic characteristics
of cancer. The tumor’s immunological environment influences
not only the effects of immunotherapy, but also of other antican-
cer drugs and treatment outcomes?®.

The morphological assessment of tumor-infiltrating lympho-
cytes (TILs) in breast cancer is gaining prominence as evidence
points to the clinical relevance of this immunological biomarker.

Numerous recent clinical studies have evaluated the prognostic and
predictive importance of TILs in breast cancer' . Salgado et al. They
cited adaptive immunity mediated by T and B lymphocytes as the
basis for effective and sustained antitumor responses’. Extensive
tumor infiltration by cytotoxic CD8+ T cells was strongly associ-
ated with patient survival, as reported by Mahmoud et al.®, and
to the response to therapy, as reported by Seo et al.”

Amore strongly targeted antitumor immune response against
the broad range of breast cancer antigens would potentially have
a greater likelihood of controlling cancer cells present in large
primary tumors and metastases. This hypothesis is reinforced
by Almendro et al.?, which showed that the degree of lympho-
cyte infiltration is predictive of a better local response to neoad-
juvant treatment and of the long-term disease control prognosis.

In triple-negative breast cancer (TN), the more stromal TILs
a patient has at diagnosis, the better the outcome will be after
adjuvant anthracycline-based chemotherapy’. Thus, according
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to Simon et al’, the results for the prognostic value of TILs in TN
breast cancer are considered high evidence. However, given the
lack of prognostic information for patients with TN breast can-
cer not treated with chemotherapy, TILs should not be used as
biomarkers to suspend or omit chemotherapy’. A study of 256 TN
tumors demonstrated that each 10% increase in TILs was cor-
related with a 17% reduction in the risk of recurrence (p=0.023;
HR (hazard ratio) 0.83; 95%CI 0.71-0.98) and a 27% reduction in
the risk of death (p=0.035; HR 0.73; 95%CI 0.54-0.98)"°.

Furthermore, recent data from randomized clinical trials
suggest the importance of immunity in the HER2-positive sub-
type of the disease. Loi et al.", the FinHER study demonstrated
that higher TILs in baseline samples resulted in better responses
to trastuzumab treatment. Furthermore, they suggested that
“immuneenriched” tumors show better results when treated with
trastuzumab. Considering trastuzumab as the gold standard in
treatment, it is essential to highlight TILs as a prognostic factor
in HER2-positive subtype disease’. Thus, Perez et al. stated that
for every 10% increase in stromal TILs, there is an 18% increase
in overall survival (OS) (HR 0.82; 95%CI 0.69-0.96)"2.

This study aimed to evaluate the prognostic value of TILs in
patients with TN and HER2-positive breast cancer.

METHOD

Study design

This retrospective cross-sectional study was conducted at the
Liga Norte Riograndense Contra o Cancer (North Rio Grande
League Against Cancer), Natal, Brazil, from June 2013 to June
2018, in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines. This
study was approved by the Research Ethics Committee of the
Liga Norte Riograndense Contra o Cancer, under CAAE regis-
tration number 6.036.496.

Participants

Patients >18 years old diagnosed with invasive breast cancer,
triple-negative and HER2-positive subtypes, with histopatho-
logical examination results measuring TILs and undergoing
neoadjuvant chemotherapy. Patients with concomitant cancers
and metastatic disease, as well as patients with positive hormone
receptors, were excluded.

Sample size

The sample was based on data from the Hospital Cancer Registry
of the aforementioned institution. Parise et al.”® They highlighted
that the prevalence of luminal subtypes corresponds to approxi-
mately 80% of cases, with TN subtypes accounting for about 13%
and HER2-positive subtypes for about 23%. Of these, 67% and 33%
are hormone receptor-positive and negative, respectively. From June

2013 toJune 2018, 3,876 new cases of breast cancer of all histological
subtypes were reported, of which only 216 patients presented with
the TN or HER2-positive subtype, who underwent neoadjuvant
chemotherapy and did not present with metastasis at diagnosis.

Sociodemographic, clinical,

and health characteristics

We collected data on sex, age, education level, and race. Clinical
variables included staging, presence of metastasis (yes/no), molec-
ular subtype (triple-negative and HER2-positive), histological type
(ductal, lobular, and sarcoma), histological grade (I, I, and I1I), local
recurrence (yes/no), death from any cause (yes/no), and follow-up.
Additionally, treatment-related variables collected included: sur-
gery, chemotherapy, radiotherapy, and/or immunotherapy. The out-
come of TILs was described based on the analysis of the quantity
of infiltrating lymphocytes in the stromal portion of the invasive
tumor in samples obtained from pre-treatment biopsies, either
through core biopsy or incisional biopsy, and the quantity of TILs
classified as mild (up to one-third of the stromal space occupied
by TILs), moderate (from one-third to two-thirds of the stromal
space occupied by TILs) and intense (more than two-thirds of the
stromal space occupied by TILs), according to the classification
established by Stanton and Disis".

Statistical methods

A descriptive analysis was performed, indicating the relative fre-
quencies for categorical variables. The dependent variables of the
study corresponded to three categories of TILs: mild, moderate,
and severe. For these categories, prevalence was calculated with
a 95% confidence interval (95%CI). Pathological response, clas-
sified as complete or incomplete, was evaluated considering the
results obtained in postoperative samples from patients after
neoadjuvant chemotherapy.

Bivariate analysis was applied using the 2 test (or Fisher’s
exact test, when necessary) and the linear 2 test, for dichotomous
and ordinal variables, respectively. Student’s #-test (or non-para-
metric Mann-Whitney test) was used for quantitative variables.
As ameasure of association, the odds ratio (OR) was calculated,
with a 95% confidence level.

Survival analysis utilized the Kaplan-Meier model, and the
log-rank test was used to differentiate the groups. A p-value <0.05
was considered statistically significant. Data were analyzed using
R version 27 (SPSS Inc., Chicago, IL).

RESULTS

The total eligible cohort of the study consisted of 216 women
diagnosed with TN and HER2 breast cancer and with available
data on TILs. Demographic, clinical, and biopsy report data can
be found in Table 1. There was no statistically significant rela-
tionship between the TIL categories and the variables in Table 1.
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Table 1. Relationship between classification of tumor-infiltrating lymphocytes, sociodemographic information, and cancer characte-
rization, with information regarding patient treatment.

TILs ClaSS|f|cat|on

Characteristics Light p-value *

n=216 (%)
1m0 0 15 00

Age range (years)

25-34 10 (4.6) 8(5.4) 2(3.2) 0(0)
35-44 47 (22) 29 (20) 17 (27) 1(20)
45-54 71 (33) 48 (32) 19 (30) 4(80) 0.44
55-64 52 (24) 36 (24) 16 (25) 0(0)
65 or more 36 (17) 27 (18) 9 (14) 0 (0)

Molecular subtype
HER2 positive 106 (49) 69 (47) 32 (51) 5(100) 0.06
Triple-negative 110 (51) 79 (53) 31 (49) 0 (0)

Clinical staging at TNM diagnosis
IA 13 (6.0) 7(4.7) 6(9.5) 0(0)
B 7(3.2) 3(2.0) 4(6.3) 0(0)
IA 48 (22) 35(24) 10 (16) 3(60)
I8 41 (19) 30 (20) 11 (17) 0(0) 0.50
A 65 (30) 44 (30) 20 (32) 1(20)
1B 36 (17) 24 (16) 11.(17) 1(20)
e 6(2.8) 5(3.4) 1(1.6) 0(0)

Metastasis
No 162 (75) 112 (76) 45 (71) 5(100) 0.36
Yes 54 (25) 36 (24) 18 (29) 0(0)

Histological type
CINST 183 (93) 139 (94) 60 (95,2) 3(60)
invasive LC 5(2.5) (2.6) 0 (0) 1(20)
Mixed 4(2) 2(1.4) 2(3.2) 0(0) 0.06
Mucinous 1(0.5) (0.6) 0 (0) 0 (0)
Papillary 1(0.5) 0(0) 1(1.6) 0 (0)
Others 3(1.5) 2(1.4) 0 (0) 1(20)

Local recurrence
No 189 (88) 129 (87) 56 (89) 4(80) 0.94
Yes 27 (13) 19 (13) 7(11) 1(20)

Death from any cause
No 169 (78) 115 (78) 49 (78) 5(100) 0.53
Yes 47 (22) 33(22) 14 (22) 0(0)

Therapeutic approach
Surgery 205 (95) 139 (94) 61(97) 5(100)
Chemotherapy 209 (97) 144 (97) 60 (95) 5(100)
Radiotherapy 185 (86) 131 (89) (78) 5(100) 1.00
Hormone therapy 24 (11) 13(8.8) 10 (16) 1(20)
Immunotherapy 50 (23) 36 (24) 10 (16) 4 (80)

Staging after neoadjuvant chemotherapy
0 49 (23) 35 (24) 12 (19) 2 (40) \ 0.65

It continues...
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Table 1. Continuation.

TILs Classification
n=216 (¥

Characteristics

0
) )

IA 42 (19 24 (16) 17 (27) 1(20
1B 2(0.9) 2(1.4) 0(0) 0(0)
IC 1(0.5) 0(0) 1(1.6) 0(0)
I1A 55 (25) 39 (26) 15 (24) 1(20)
1B 25(12) 15 (10) 10 (16) 0(0) 0.65
A 21(9.7) 15 (10) 5(7.9) 1(20)
1B 4(1.9) 4(2.7) 0(0) 0(0)
mc 8(3.7) 6 (4.1) 2(3.2) 0(0)
I\ 9(4.2) 8(5.4) 1(1.6) 0(0)
Pathological response after neoadjuvant chemotherapy
Not complete 165 (76) 113 (76) 49 (78) 3(60) 0.44
Complete 51 (24) 35 (24) 14 (22) 2 (40)

*y? test with simulated p-value (based on 10,000 replicates).

TILs: Tumor-infiltrating lymphocytes; TNM: Tumor size (T), nodule (N), and metastasis (M); CI NST: invasive carcinoma of no special type; LC: lobular carcinoma.

Partial pathological response was predominant in the study
patients (76%), and only 24% achieved complete pathological
response with neoadjuvant treatment (p=0.44).

Study data related to prognosis and OS at five years are
included in Table 2. There was no statistically significant dif-
ference between the variables TILs and OS (p=0.52), although a
reduction in survival was noticeable in patients characterized
as mild TILs in the period from 12 to 60 months (98% vs. 78%),
similarly to moderate TILs in the same period (100% vs. 79%).
During the 60-month clinical follow-up, the emergence of metas-
tases (p=0.0024) and local recurrence (p<0.0001) and clinical
staging (p<0.0001) impacted OS (Table 2).

Data associating variables with local recurrence-free sur-
vival (RFS) are described in Table 3.

There was a statistically significant difference in local
RFS curves for patients who did or did not develop metasta-
sis (p<0.0001). It was observed that the overall survival (OS)
of those who developed metastasis after 12 months of follow-
up was 96%, and decreased to 72% after 60 months, while
patients who did not develop metastasis had an OS above
92% after 60 months.

Furthermore, there was a statistically significant differ-
ence in the RFS curves when comparing patients who survived
with those who died from any cause (p<0.0001). In patients
who completed the study’s clinical follow-up at 60 months,
the RFS was 93%. In the subgroup of those who died, this RFS
dropped to 50%.

Figures 1 and 2 represent the Kaplan-Meier curves of OS and
local RFS, according to their association with TIL classification.
It was not possible to demonstrate statistical significance in rela-
tion to TIL concentration and survival.

DISCUSSIONS

Currently, there is growing interest in analyzing TILs and immune
subpopulations in clinical practice to explore their potential
as prognostic and predictive biomarkers. Tumors with high
immune infiltration generally present better clinical outcomes
and favorable clinicopathological characteristics®. In this sense,
TILs have emerged as an important immunological biomarker
related to the antitumor immune response in breast cancer. TILs
are observed in higher concentrations in triple-negative breast
cancer and HER2-positive subtypes, in which increased TIL lev-
els have been associated with better response to neoadjuvant
chemotherapy and greater survival'.

Denkert et al.' evaluated the role of TILs in breast cancer
and demonstrated that a 10% increase in TILs was associated
with better disease-free survival in triple-negative tumors (HR
0.93 [95%CI 0.87-0.98]; p=0.011) and in HER2-positive tumors
(0.94 [0.89-0.99]; p=0.017). The increase in TILs was also asso-
ciated with better overall survival in triple-negative tumors
(0.92 [0.86-0.99]; p=0.032). Furthermore, the authors found that
the increase in TILs correlates positively with the response to
neoadjuvant therapy: in the HER2-positive subtype, pathologi-
cal complete response (pCR) was observed in 32% of patients
with mild TILs, 39% with moderate TILs, and 48% with severe
TILs; In the triple-negative subtype, pCR was achieved in 31%
of patients with mild to moderate TILs and 50% with severe
TILs (p<0.0001)*.

In the present study, it was not possible to demonstrate
statistical significance between high TIL concentrations and
increased overall survival (OS) and disease-free. Nor was it pos-
sible to demonstrate an association with complete pathological
response after neoadjuvant chemotherapy. These results may
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be explained by the small sample size of patients with moder-
ate and severe TILs. Ochi et al. described that triple-negative

and HER2-positive breast tumors with mild TILs prior to neo-
adjuvant chemotherapy had alow probability of reaching pCR",
and the result is consistent with the findings of the sample in

this study. It is noteworthy that, despite the small sample size

of patients with elevated TILs, the overall survival (OS) of this
subgroup of patients reached 100% at five years.

In the sample studied, 24% of patients achieved a complete
pathological response. This percentage is consistent with rates
reported in other studies, ranging from 16.6% to 48% of triple-
negative tumors that achieved pCR. The variability in percentages

Table 2. Estimates regarding overall survival for cancer characterization.

Characteristics

12 months

24 months

36 months

48 months

60 months

% (min—max) % (min—-max) % (min—max) % (min—-max) % (min—max)
General \ 99 (97-100) 92 (89-96) 86 (81-91) 81 (76-87) 79 (73-85) \
TILs Classification
Light 98 (96-100) 94 (91-98) 87 (81-93) 81 (74-88) 78 (72-86)
Moderate 100 (100-100) 87 (79-96) 82 (73-92) 80 (71-91) 79 (69-90) 0.52
Intense 100 (100-100) 100 (100-100) 100 (100-100) 100 (100-100) 100 (100-100)
Molecular subtype
Triple-negative 98 (96-100) 90 (84-96) 87 (80-93) 83 (76-90) 81 (73-89) 0.9
HER2 positive 99 (97-100) 95 (91-99) 85 (78-92) 80 (72-88) 77 (69-86)
Stadium
IA 100 (100-100) 100 (100-100) 100 (100-100) 92 (79-100) 85 (67-100)
B 100 (100-100) | 100 (100-100) | 100 (100-100) | 100 (100-100) | 100 (100-100)
I1A 98 (94-100) 94 (87-100) 89 (81-99) 87 (78-97) 85 (75-96)
1B 98 (93-100) 92 (85-100) 90 (81-100) 81 (69-95) 78 (65-93) <0.0001
A 100 (100-100) 94 (88-100) 85 (76-95) 83 (74-93) 83 (74-93)
s 97 (92-100) 85 (74-98) 72 (58-90) 69 (54-87) 65 (51-84)
e 100 (100-100) 83 (58-100) 67 (38-100) 33 (11-100) 33 (11-100)
Metastasis
No 100 (100-100) 96 (93-99) 94 (90-97) 93 (89-97) 91 (87-96)
Yes 94 (88-100) 81 (71-92) 63 (51-77) 46 (34-63) 42 (31-59) 0.0024
Histological type
CINST 98 (97-100) 91 (87-95) 84 (78-89) 79 (73-85) 77 (71-84)
CDIS 100 (100-100) 100 (100-100) 95 (85-100) 89 (77-100) 89 (77-100)
invasive LC 100 (100-100) 100 (100-100) 100 (100-100) 100 (100-100) 33 (6.7-100)
Mixed 100 (100-100) | 100(100-100) | 100 (100-100) | 100 (100-100) | 100 (100-100) 0.71
Mucinous 100 (100-100) 100 (100-100) 100 (100-100) 100 (100-100) 100 (100-100)
Papillary 100 (100-100) 100 (100-100) 0 0 0
Others 100 (100-100) 100 (100-100) 100 (100-100) 100 (100-100) 100(100,100)
Histological grade
1 100 (100-100) 100 (100-100) 67 (30-100) 67 (30-100) 67 (30-100)
2 100 (100-100) 93 (87-98) 91 (86-98) 86 (79-94) 85 (77-93) 0.20
3 98 (95-100) 92 (87-97) 83 (76-90) 78 (71-86) 76 (68-84)
Localrecurrence
No 98 (97-100) 92 (89-96) 87 (82-92) 85 (79-90) 83 (77-89) <0.0001
Yes 100 (100-100) 93 (83-100) 78 (64-95) 58 (42-81) 55 (38-77)

*Log-rank test.

TILs: Tumor-infiltrating lymphocytes; min: minimum value; max: maximum value; CI NST: invasive carcinoma of no special type; LC: lobular carcinoma; DCIS:

ductal carcinoma in situ.
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may be related to differences in chemotherapy regimens between
studies'™". In CALGB 40603 (Alliance), it has been shown that
the association of carboplatin with the chemotherapy regi-
men can lead to mean pCR of 54%”. Furthermore, the Keynote
522 study demonstrated the benefit of pembrolizumab in neoad-
juvant treatment, reaching a pCR rate of 64.8%?'. It has not been

clearly demonstrated that TILs are associated with pCR; how-
ever, of the cases in which pCR was obtained, 40% were severe
TILs and 24% were mild TILs.

The variables that most impacted survival were initial stag-
ing and progression to metastatic disease. Overall survival (OS)
for stage ITIC after 48 months fell to 33%, and patients who

Table 3. Estimates regarding local recurrence-free survival for cancer characterization.

o 12 n)onths 24 n‘10nths 36 n)onths 48 n‘10nths 60 r|:|onths
% (min-max) % (min—max) % (min—max) % (min—max) % (min—max)
Global ‘ 97 (95-99) 94 (91-97) 93 (90-97) 89 (85-94) 87 (83-92) ‘
Classification of TILs
Light 97 (94-100) 94 (91-98) 93 (89-97) 90 (85-95) 87 (82-93)
Moderate 100 (100-100) 95 (89-100) 95 (89-100) 88 (80-98) 88 (80-98) 0.78
Intense 80 (52-100) 80 (52-100) 80 (52-100) 80 (52-100) 80 (52-100)
Molecular subtype
Triple-negative 99 (97-100) 94 (89-99) 93 (88-98) 91 (85-97) 88 (82-95) 0.98
HER?2 positive 95 (91-99) 94 (90-99) 93 (88-98) 88 (82-95) 87 (80-94)
Stadium
IA 100 (100-100) 92 (79-100) 92 (79-100) 92 (79-100) 92 (79-100)
1B 100 (100-100) 100 (100-100) 100 (100-100) 100 (100-100) 100 (100-100)
1A 100 (100-100) 100 (100-100) 98 (93-100) 93 (85-100) 93 (85-100)
I8 100 (100-100) 92 (83-100) 92 (83-100) 85 (74-98) 82 (69-96) 0.28
A 97 (93-100) 95 (90-100) 93 (87-100) 91 (85-99) 89 (82-98)
1B 89 (79-100) 89 (79-100) 89 (79-100) 84 (71-99) 79 (64-97)
e 100 (100-100) 83 (58-100) 83 (58-100) 83 (58-100) 83 (58-100)
Metastasis
No 97 (95-100) 97 (94-100) 95 (92-99) 94 (90-98) 92 (87-96)
Yes 96 (91-100) 86 (76-96) 86 (76-96) 72 (59-88) 72 (59-88) <0.0001
Histological type
CINST 97 (94-99) 94 (90-97) 92 (88-96) 89 (85-94) 88 (83-93)
CDIS 100 (100-100) 95 (85-100) 95 (85-100) 95 (85-100) 95 (85-100)
invasive LC 100 (100-100) | 100 (100-100) | 100 (100-100) 75 (43-100) 75 (43-100)
Mixed 100 (100-100) 100 (100-100) 100 (100-100) 75 (43-100) 50 (19-100) 0.38
Mucinous 100 (100-100) 100 (100-100) 100 (100-100) 100 (100-100) 100 (100-100)
Papillary 100 (100-100) | 100 (100-100) 0 0 0
Others 100 (100-100) 100 (100-100) 100 (100-100) 100 (100-100) 100 (100-100)
histological grade
1 100 (100-100) 67 (30-100) 67 (30-100) 67 (30-100) 67 (30-100)
2 98 (94-100) 95 (90-100) 95 (90-100) 91 (84-98) 87 (79-95) 0.62
3 97 (94-100) 94 (90-99) 92 (88-97) 89 (84-95) 88 (82-95)
Death from any cause
No 99 (97-100) 98 (95-100) 97 (94-100) 95 (91-98) 93 (89-97)
Yes 91 (83-100) 80 (69-94) 77 (64-92) 58 (41-84) 50 (31-80) <0.0001

*Log-rank test.

TILs: Tumor-infiltrating lymphocytes; min: minimum value; max: maximum value; CI NST: invasive carcinoma of no special type; LC: lobular carcinoma; DCIS:

ductal carcinoma in situ.
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Figure 1. Overall survival, according to classification of tumor-
-infiltrating lymphocytes.

Figure 2. Relapse-free survival, according to the classification
of tumor-infiltrating lymphocytes.

developed metastasis after 60 months had a survival rate of
72%, while non-metastatic patients had a survival rate above
92% at the same time. These findings confirmed how much
initial clinical conditions (tumor size and lymph node status)
impact prognosis®.

Limitations of the study include the low number of patients
with severe TILs (n=>5). The variability between gold standard
chemotherapy regimens and those available at the Liga Norte
Riograndense Contra o Cancer directly influenced the selection
of patients for neoadjuvant chemotherapy or upfront surgery, as
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