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Breast cancer (BC) is a leading cause of death among women, with approximately 30%
HER2—positive (HER2+). Although HER2-targeted therapies have improved outcomes for patients
with HER2+ metastatic breast cancer (mBC), clinical challenges and prognostic variability remain.
Tumor-infiltrating lymphocytes (TILs) have emerged as prognostic and predictive biomarkers in
various tumors, including BC, but their role in HER24+ mBC is poorly understood. This multicentric
retrospective cohort study evaluated the prognostic significance of TILs in 110 patients with HER2+
mBC treated with pertuzumab, trastuzumab, and taxane-based chemotherapy at two Italian institutes
from June 2013 to May 2024. TILs were assessed on metastatic or primary tumor samples. High TILs
levels (>5%) were independently associated with longer PFS and OS. TILs levels were higher in
primary tumours than in metastases (p = 0.009), with significant variation by metastatic site. These
findings underscore the potential of TILs as prognostic biomarkers in HER2+ mBC, necessitating

further prospective studies.

Breast cancer (BC) remains a leading cause of cancer-related morbidity and
mortality among women worldwide, with approximately 20-30% of cases
exhibiting HER2-positive (HER2+) status'~. HER2+ BCs are known for
their aggressive nature and poor prognosis. The clinical outcomes of
patients with HER2+4 BC have tangibly improved with the advent of HER2-
targeted therapies such as trastuzumab and pertuzumab, small molecules,
and recently with the novel antibody-drug conjugates such as trastuzumab
deruxtecan’”. Despite these advances, metastatic HER2+ BC generally
remains incurable, with treatment aimed at prolonging survival and
improving quality of life".

Tumor-infiltrating lymphocytes (TILs) have emerged as significant
prognostic and predictive biomarkers in different tumor types, including BC'.
In early-stage BC, high levels of TILs have been consistently associated with
better treatment responses in HER2+ and triple-negative BC, suggesting an

active immune environment that contributes to tumor control®. Indeed, in
HER2+ early BC disease, several studies in the neoadjuvant and adjuvant
setting have evaluated TILs as prognostic factors and predictors of response,
demonstrating a positive correlation with better clinical outcomes™".
However, the role of TILs in metastatic BC (mBC), particularly in the
context of HER2+ disease, is less understood. While some studies have
suggested that TILs might confer a survival advantage in mBC, others have
reported divergent or inconclusive results“"”. Indeed, data about the
immunogenicity of HER2+ BC paved the way for clinical trials evaluating
immune checkpoint inhibitors (ICIs) in this subtype, with underwhelming
results so far”™"’. These findings may vary widely due to differences in
patient populations, methodologies for assessing TILs, and the hetero-
geneity of metastatic disease. Data on the role and presence of TILs in BC
metastatic sites is generally limited, revealing a correlation between TIL
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Table 1 | Clinicopathological features of patients

Table 1 (continued) | Clinicopathological features of patients

Parameters All cohort Cohort TiLs on Parameters All cohort Cohort TILs on
(n=110) (%) metastatic site (n =57) (n =110) (%) metastatic site (n =57)
Age Dead 33 (30.0) 18 (31.6)
Mean (SD) 50.5(11.7) 49.8 (10.9) On the left the whole cohort and on the right the cohort of patients whose TILs were evaluated at the
K metastatic site.
Median (IQR) 49.0 (43.5-56.4) 47.6 (42.7-55.5) ER estrogen receptor, HR hormone receptor, IQR interquartile range, PR progesterone receptor, SD
Menopausal status standard deviation, TILs tumor-infiltrating lymphocytes.
*HR:HR+ i.e. ER or PR positive.
Premenopausal 56 (50.9) 29 (50.9) *Not available the information if HER2 2+ or 3-+ but HER2-+.
Postmenopausal 53 (48.2) 28 (49.1)
Not available 100.9) 0(0) percentages in primary tumors and their metastatic counterparts, though
Stage at Diagnosis the percentages are typically lower in the metastatic setting'*™.
MO 60 (54.6) 45 (78.9) Given these complexities, we designed a study that aims to compre-
™ 50 @5.4) 2@11) hensively evaluate the prognostic value of TILs in a cohort of patients with
_ . g - HER2+ mBC receiving first-line therapy in two reference breast cancer
Histology primary tumor centers. By focusing on this particular patient group and employing rigorous
Ductal 99 (90.0) 51 (89.5) methodologies to assess TILs, we seek to clarify their role in influencing
Lobular 5 (4.6) 2(35) clinical outcomes and explore the potential for TILs as biomarkers to guide
Other 327) 235) therapy choices in advanced disease stages.
Not available 3(2.7) 2(3.5) Results
(Neo) adjuvant chemotherapy Patient characteristics
No 55 (50.0) 19 (33.3) Our multicentric retrospective study cohort included 110 patients with
Yes 51 (46.4) 38 (66.8) HER2+ mBC treated at the European Institute of Oncology and the AOU
Notavaliabio 2.6 00) Policlinico Umberto I. from ]unfz 2013 to May 202.4. TILs levels were
- assessed on hematoxylin and eosin (H&E)-stained slides from metastatic
Al S (n=57) or primary tumor (n=53) samples. Only for a small subset of
Negative 50 (45.4) 29 (50.9) patients (n = 13), TIL levels were evaluated in both the primary tumor and
Positive 60 (54.6) 28 (49.1) metastatic sites. The study population comprised patients with a median
HER? status age of 49 (interquartile range (IQR) 43.5-56.4) years. Of these, 60 (54.6%)
-positi 9
o 31282) 23 40.4) were hom}one receptor (HR) posTtlve (HR—i—), and 50 (45.4%) were
HR—negative (HR-) BC. The majority of patients were premenopausal or
Sl ML) LB perimenopausal at the time of diagnosis (50.9%), and 45.4% had de novo
Not available® 3(@.7) 0(0) metastatic disease. Additionally, 75 patients (68.2%) presented with visceral
TILs Median (IQR) 10 (5-15) 10 (5-15) disease, and 9 patients (8.2%) had brain metastases (BMs) at the time of
Visceral Disease diagnosis. Fifty percent. of the patients achieved a partial response as Fhe
best response to first-line treatment. For the whole cohort, at a median
Yes 75 (68.2) 40 (70.2) ) . X
follow-up of 18.4 months, the median progression-free survival (PFS) was
No 34 (30.9) 17(29.8) 25.1 months (95% CI: 14.7-49.3). Regarding overall survival (OS), the
Not available 1(0.9) 0(0) median OS was not reached, with a median follow-up of 37.2 months.
B Blesees Considering only the cohort of patients where TILs were evaluated on
Yos 96.2) 3(5.3) the Mmetastatic site (n=57 patle.nts), the majority of patle.nts were HR—
negative (50.9%), and only 12 patients (21.1%) were metastatic at diagnosis.
No 100509 54040 The clinical-pathological characteristics of the patients included in our
Not available 1(0.9) 00 study are shown in Table 1.
Metastatic site
Ry 23 (20.9) 22 (38.6) TIL levels and correlation with clinicopathological features
TILs were successfully assessed in all 110 samples. Of these, 57 samples were
Lung 9(8.2) 9(15.8) .. . .
collected from metastatic sites and 53 from primary tumors. The median
Lymph node 12(10.9) 10(17.5) expression of TILs was 10% (IQR: 5-15%). The correlations between TILs as
Soft Tissue 12(10.9) 8(14.0) a continuous variable and the clinicopathological characteristics of patients
Bone 11 (10.0) 8(14.0) were evaluated (Table 2).
Not available 43 (39.1) 00) In the entire cohort, the percentage of TILs in patients with visceral
Bost resbonse disease was significantly lower than in those without visceral disease
P (median 10% vs 15%, P =0.048). HER2+/HR— tumors showed a trend
Cople ege e Zoiza LR toward significantly higher TIL levels compared to HR+ tumors (mean 14.3
Partial response 55 (50.0) 28 (49.1) vs 11.9, p = 0.08). No statistically significant difference was observed when
Stable disease 21 (19.1) 9(15.8) comparing estrogen receptor-positive/progesterone receptor-positive (ER
Progression Disease 5(4.6) 1(1.8) +/PR+) vs ER+/PR—negat1ve (p=0.845).
Not avalab] 0o 00 Furthermore, the site of metastases where TILs were evaluated was
o" avarabe ©9 © associated with TILs values. Lung metastases had higher TIL levels com-
Alive status pared to liver metastases (median TILs: 15% vs 5%, unadjusted p-value (p)
Alive 77 (70.0) 39 (68.4) <0.001, adjusted p=0.01). A similar trend was observed for bone
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Table 2 | Correlations between TILS (continuous) and clinical
pathological characteristics

All cohort (n=110) Cohort TILs on metastatic site (n =57)

Parameters TiLs p-value® TILs median (IQR) p-value®
median (IQR)
Menopausal status
Premenopausal 10 (5-15) 0.323 10 (5-15) 0.090
Postmenopausal 10 (5-20) 10 (5-20)
Stage at diagnosis
MO 10 (5-15) 0.472 10 (5-15) 0.368
M1 10 (5-20) 12.5 (5-20)
Neoadjuvant chemotherapy
No 10 (5-20) 0.306 10 (5-17.5) 0.534
Yes 10 (5-15) 10 (5-15)
ER status
Negative 10 (6.3-15) 0.083 10 (5-15) 0.788
Positive 10 (5-15) 10 (5-20)
PR status
Negative 10 (5-15) 0.279 10 (5-15) 0.836
Positive 10 (4-15) 10 (2.5-20)
HR status®
Negative 10 (6-15) 0.080 10 (5-15) 0.788
Positive 10 (5-15) 10 (5-20)
HER2 status
2+ 10 (5-15) 0.889 10 (5-17.5) 0.151
3+ 10 (5-15) 10 (5-15)
Visceral disease
Yes 10 (5-15) 0.048 10 (5-11.3) 0.428
No 15 (5-20) 15 (5-15)
Brain disease
Yes 15 (10-15) 0.383 5(3.5-10) 0.444
No 10 (5-15) 10 (5-15)
Site of TILs evaluation
Metastatic site 10 (5-15) 0.590 Liver 5 (5-10) 0.0313
Lung 15 (10-30)
Lymph 125
node (2.8-18.8)
SoftTissue 10 (5.0-16.3)
Bone 7.5(3.8-11.3)
Primary BC 10 (5-15) Vi
Best response
Complete response 12.5 (8.8-15) 0.554 10 (7.5-15) 0.148
Partial response 10 (5-15) 7.5 (5-15)
Stable disease 10 (5-20) 10 (5-20)
Progression disease 10 (10-15) 2(2-2)
Alive status
Alive 10 (5-15) 0.088 10 (5-15) 0.010
Dead 5 (5-15) 5(2.8-10)

On the left the whole cohort and on the right the cohort of patients whose TILs were evaluated at the
metastatic site.

BC breast cancer, ER estrogen receptor, HR hormone receptor, IQR interquartile range, PR
progesterone receptor, TILs tumor-infiltrating lymphocytes.

“p-values are referred to Mann-Whitney test or Kruskall-Wallis test depending on the number of
clinical pathological characteristics’ categories (two or more than two, respectively).

°HR: HR+ i.e. ER or PR positive.

metastases (median TILs: 15% vs 7.5%, adjusted p = 0.145 and unadjusted
p=0.016) (Fig 1).

Association of TILs with survival outcomes in all cohort

(n =110 women)

Regarding survival outcomes, we evaluated the correlation between TILs
levels and PFS. Since there is no consensus on a high/low TIL score cut-off"*,

60 1 Kruskal-Wallis, p = 0.031

p=0.016, adjusted p=0.145
T 1

p=0.001, adjusted p=0.01
1

.

r
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Site of Metastases

Fig. 1 | TILs distribution according to metastatic site (cohort: n = 57 patients).
The box plot graph shows the distribution of TILs across various metastatic sites in
the cohort of patients whose TILs were evaluated at the metastatic site. Each box
represents the IQR of TIL percentages, with the line inside the box indicating the
median. The whiskers extend to the minimum and maximum values within 1.5 times
the IQR from the quartiles, and individual points outside this range are plotted as
outliers. Only significant p-values were reported. IQR interquartile range, LN lymph
nodes, TILs tumor-infiltrating lymphocytes, p p-value.

we explored the prognostic role of TILs in mBC using the 25th, 50th, and
75th percentiles of TILs distribution (5%, 10%, and 15%, respectively). We
identified the 25th percentile (TILs value of 5%) as a potential cut-off for
prognosis differentiation (Fig. 2). The high TILs group had a significantly
longer PES than the low TILs group (median: 49.3 vs. 18.5 months;
p=0.022). Notably, high TILs (cut-off >5%) were more common in
HR— patients (74% HR— vs. 55% HR+, p = 0.048).

We examined the correlation between TILs levels and PFS, adjusting
for clinical variables such as age, visceral disease involvement, HR status, and
TILs evaluation site. Univariate analysis showed that low TILs were asso-
ciated with worse PFS (HR=1.74, 95% CI: 1.08-2.81, p =0.024). This
association remained significant when adjusting for the aforementioned
clinical variables (HR = 1.77, 95% CI: 1.08-2.90, p = 0.024) (Table 3). When
considering TILs as a continuous variable (per 10% increments), higher
TILs were related to a better prognosis, though not statistically significant
(Supplementary Table 1).

Analyzing OS outcome, the 25th percentile (TILs value of 5%) was a
significant prognostic cut-off (Fig. 3). In the univariate analysis, low TILs
were associated with worse OS (HR =2.02, 95% CI: 1.02-4.00, p = 0.044)
and when adjusting for age, visceral disease, HR status, and TILs evaluation
site, an association of TILs with OS showed a similar trend at the limit of
statistical significance (Table 4). When considering TILs as a continuous
variable (per 10% increments), higher TILs were associated with a better
prognosis but did not reach statistical significance (HR =0.81, 95% CI:
0.56-1.16, p=0.252) (Supplementary Table 1). Moreover, there was no
association between HER?2 status (HER2 2 + FISH amplified vs HER2 3+)
and PFS or OS (data not shown).

Association of TILs with survival outcomes in the cohort TILs on
metastatic site (n =57)

We assessed the prognostic impact of TILs in patients whose TILs were
evaluated at the metastatic site. The median PFS was 25.1 months for the low
TILs group (<5%) and 60.6 months for the high TILs group (>5%)
(p =0.032) (Fig. 4). In the univariate analysis, low TILs were associated with
inferior PES (HR =2.09, 95% CI: 1.05-4.15, p = 0.036). After adjusting for
age, visceral disease, HR status, and the metastatic site where TILs were
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Fig. 2 | PFS according to TILs in HER2 + mBC PFS respect to TILs PFS respect to TlLs
patients. The images consist of Kaplan-Meier sur-
vival curves illustrating the PFS of HER2+ mBC

Strata == |ow (<=5) === high (>5) Strata == |ow (<=10) == high (>10)

enrolled patients according to the TILs level. The T 1.00 T 1.00
green curves represent those patients with low TILs ; §
levels, while the orange curve represents those with Z 075 % 075
high TIL levels. The number of patients at risk at 2 <
. . . o 1s . L 0.50 L 0.50
various time points is displayed below the survival s S
curves for both TIL groups. a Kaplan-Meier survival % 058 % 558
curves using the 25° percentile (5%) as a cut-off for a 5 5
. . . o IS5
high/low TIL score. The median PFS for patients @ 0.00 a 0.00
with hlgh TIL levels is signiﬁcant]y longer than for 0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120
Time in months Time in months

those with low TIL levels, as indicated by the p-value
of 0.022. b Kaplan-Meier survival curves using the Number at risk Number at risk

50° percentile (10%) as a cut-off for a high/low TIL Slow(<=5}{40 23 15 10 6 5 4 2 1 1 1 Slow(<=10{65 41 29 21 13 11 7 5 3 1 1
score. The median difference in PFS between the two & high(>5){70 45 33 28 20 16 11 7 4 1 0 g high(>10){45 27 19 17 13 10 8 4 2 1 0
groups is not StatiSti(faHY Sig_niﬁcant’ With_ ap—value 0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120
0f 0.45. c Kaplan—-Meier survival curves using the 75° Time in months Time in months
percentile (15%) as a cut-off for a high/low TIL
score. The median difference in PFS between the two a b
groups is not statistically significant, with a p-value
of 0.16. These plots demonstrate the potential PFS respect to TiLs
prognostic value of TIL levels in predicting the PFS Strata == low (<=15) == high (>15)
of patients, highlighting a significant association _
when using a 5% threshold for TIL levels. mBC _g 1.00
metastatic breast cancer, PFS progression-free sur- US) 75 b=016
vival, TILs tumor-infiltrating lymphocytes. o
L 0.50
5
g 0.25
g
a 0.00
0 12 24 36 48 60 72 84 96 108 120
Time in months
Number at risk
%\o.:’l'i:TS‘ 85 52 37 28 18 156 10 5 3 1 1
& high(>15)125 16 11 10 8 6 5 4 2 1 0
0 12 24 36 48 60 72 84 96 108 120
Time in months
C
TIiLs Median PFS (95%Cl)
<5 (n=40) 18.5 (8.8-30.7)
>5 (n=70) 49.3 (15.5-NA)
Table 3 | Cox prognostic models for TILs and PFS
Variable Univariate HR (95% Cl) p-Value Variable Adjusted HR (95% Cl) p-Value
Age (continuous) 0.99 (0.97-1.02) 0.727 Age (continuous) 0.99 (0.97-1.02) 0.631
Visceral disease Visceral disease
No Reference No Reference
Yes 1.69 (0.97-2.94) 0.062 Yes 1.62 (0.92-2.86) 0.094
HR HR
Negative Reference Negative Reference
Positive 0.94 (0.58-1.51) 0.794 Positive 0.69 (0.40-1.17) 0.169
Site of TILs evaluation Site of TILs evaluation
Metastasis Reference Metastasis Reference
Primary BC 1.49 (0.92-2.40) 0.106 Primary BC 1.63 (0.96-2.78) 0.069
TILs TILs
High (>5%) Reference High (>5%) Reference
Low (<5%) 1.74 (1.08-2.81) 0.024 Low (<5%) 1.77 (1.08-2.90) 0.024

Univariate analysis showed that low TILs were associated with shorter PFS (HR = 1.74, 95% CI: 1.08-2.81, p = 0.024). This association remained significant when adjusting for age, visceral disease, HR
status and TILs evaluation site (HR =1.77, 95% CI: 1.08-2.90, p = 0.024).
BC breast cancer, Cl confidence interval, HR hormone receptor, PFS progression-free survival, TILs tumor-infiltrating lymphocytes.
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Fig. 3 | OS according to TILs in HER2 + mBC OS respect to TILs OS respect to TILs
patients. The images consist of Kaplan-Meier sur- Strata === low (<=5) == high (>5) Strata === low (<=10) === high (>10)
vival curves illustrating the OS of HER24+ mBC
enrolled patients according to the TILs level. The
green curves represent those patients with low TILs
levels, while the orange curve represents those with
high TIL levels. The number of patients at risk at
various time points is displayed below the survival
curves for both TIL groups. a Kaplan-Meier survival
curves using the 25° percentile (5%) as a cut-off for a
high/low TIL score. The median OS for patients with
high TIL levels is significantly longer than for those

: o 0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120
with low TIL levels, as indicated by the p-value of Time in months Time in months
0.04. b Kaplan-Meier survival curves using the 50°
percentile (10%) as a cut-off for a high/low TIL
score. The median difference in OS between the two low(<=5)140 36 28 17 12 8 8 5 4 2 2 low(<=10)165 59 47 32 24 17 13 10 7 2 2
groups is not statistically significant, with a p-value high(>5)170 61 49 39 30 24 15 10 6 2 0 high(>10){45 38 30 24 18 15 10 5 3 2 0
0f0.58. ¢ Kaplan-Meier survival curves using the 75° 0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120
percentile (15%) as a cut-off for a high/low TIL Time in months Time in months
score. The median difference in OS between the two
groups is not statistically significant, with a p-value a b
of 0.38. mBC metastatic breast cancer, OS overall
survival, TILs tumor-infiltrating lymphocytes.
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<5 (n=40) 75.03 (35.2-NA)
>5 (n=70) not reached

Table 4 | Cox prognostic models for TILs and OS

Variable Univariate HR (95% ClI) p-Value Variable Adjusted HR (95% CI) p-Value
Age (continuous) 1.01(0.97-1.04) 0.772 Age (continuous) 1.01 (0.97-1.04) 0.663
Visceral disease Visceral disease

No Reference No Reference

Yes 2.50 (1.03-6.07) 0.044 Yes 2.43 (0.99-5.96) 0.053
HR HR

Negative Reference Negative Reference

Positive 1.44 (0.71-2.93) 0.313 Positive 1.22 (0.57-2.59) 0.613
Site of TILs evaluation Site of TILs evaluation

Metastasis Reference Metastasis Reference

Primary BC 1.45 (0.73-2.90) 0.292 Primary BC 1.24 (0.58-2.65) 0.574
TiLs TlLs

High (>5%) Reference High (>5%) Reference

Low (<5%) 2.02 (1.02-4.00) 0.044 Low (<5%) 1.95 (0.97-3.92) 0.062

At univariate analysis, women with low TILs had worse OS (HR = 2.02, 95% CI: 1.02-4.00, p = 0.044) and when adjusting for age, visceral disease, HR status, and TILs evaluation site, an association of TILs
with OS showed a similar trend at the limit of statistical significance.
BC breast cancer, Cl confidence interval, HR hormone receptor, OS overall survival, TILs tumor-infiltrating lymphocytes.
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Fig. 4 | PFS according to TILs the sub-cohort of 57
patients. The images consist of Kaplan-Meier sur-
vival curves illustrating the PFS of patients whose

PFS respect to TILs

Strata == low (<=5) === high (>5)

PFS respect to TILs

Strata == |ow (<=10) === high (>10)

TILs were evaluated at the metastatic site according T 1.00 T 1.00
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<5 (n=23) 25.1 (8.6-41.5)

>5 (n=34) 60.6 (15.5-NA)

evaluated, the significant association between TILs and PFS was confirmed
(HR =2.26, 95% CI: 1.01-5.06) (Table 5). When considering TILs as a
continuous variable (per 10% increments), higher TIL levels were associated
with better PFS, though this was not statistically significant (HR = 0.62, 95%
CL: 0.38-1.02, p=0.061). However, in the adjusted model, higher TILs
values were significantly associated with better PES, suggesting a potential
prognostic role for TILs (HR =0.57, 95% CI: 0.32-0.98, p = 0.045). (Sup-
plementary Table 2).

Patients with TILs >5% had a significantly longer median OS com-
pared to those with TILs <5%, as shown in Fig. 5. In univariate analysis, low
TILs (<5%) were associated with poorer OS (HR = 3.18, 95% CI: 1.19-8.50,
p =0.021). After, adjusting for clinical variables, the association of TILs with
OS was at the limit of statistical significance (HR = 2.97, 95% CI: 0.90-9.87,
p =0.075), (Table 6) but in a subsequent model, the significant association
was confirmed (HR =3.17, 95% CI: 1.17-8.65, p = 0.024). As a continuous
variable (per 10% increments), higher TIL levels were significantly asso-
ciated with better OS (HR =0.45, 95% CI: 0.20-0.99, p = 0.048). When
controlling for clinical variables, a similar trend was observed but did not
reach statistical significance (HR=0.44, 95% CI: 0.17-1.18, p=0.104)
(Supplementary Table 2).

Paired samples

For a small subset of patients (n = 13), TIL levels were evaluated in both the
primary tumor and metastatic sites. The comparison revealed that the
percentage of TILs in the metastatic site was significantly lower (median:
10%) than in the primary tumors (median: 15%) (P = 0.008) (Fig. 6).

Discussion
In our multicentric retrospective study from BC referral institutions in Italy,
we underscore the complex significance of TILs in HER2+ mBC. While
high TIL levels in early-stage BC are consistently linked to better prognosis
and response to therapy'’, our data highlight the impact of TILs on clinical
outcomes in the metastatic setting. In early HER2+ BC, several studies
demonstrated that increased TILs positively correlate with response to
neoadjuvant therapy and clinical benefit in HER2+ BC, similar to the
adjuvant setting, where higher TILs display a reduced risk of
recurrence'”**'. Indeed, high stromal TILs correlate with an improved
prognosis and an enhanced response to trastuzumab and chemotherapy™”.
Our study found no significant difference in terms of PFS or OS when
comparing patients with high and low TILs levels using the cut-oft of 10% or
15% (the median and 75° percentile of TIL distribution respectively).
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Table 5| Cox prognostic models for TILs and PFS for the cohort of patients whose TILs were evaluated at the metastatic site (=57

patients)

Variable Univariate HR (95% CI) p-Value Variable Adjusted HR (95% CI) p-Value
Age (continuous) 0.97 (0.94-1.01) 0.111 Age (continuous) 0.98 (0.95-1.02) 0.330
Visceral disease Visceral disease

No Reference No Reference

Yes 1.07 (0.51-2.25) 0.866 Yes 1.40 (0.49-3.99) 0.528
Site of Metastasis Site of Metastasis

Lung Reference Lung Reference

Liver 0.73(0.25-2.12) 0.569 Liver 0.51(0.14-1.86) 0.307
Bone 1.33(0.40-4.41) 0.636 Bone 1.02 (0.22-4.91) 0.972
Lymph Node 0.92 (0.29-2.91) 0.891 Lymph Node 0.68 (0.18-2.52) 0.568
Soft Tissue 0.70(0.19-2.62) 0.599 Soft Tissue 0.62 (0.13-2.91) 0.541
HR HR

Negative Reference Negative Reference

Positive 1.64 (0.82-3.26) 0.161 Positive 1.21 (0.54-2.71) 0.650
TILs TlLs

High (>5%) Reference High (>5%) Reference

Low (<5%) 2.09 (1.05- 4.15) 0.036 Low (<5%) 2.26 (1.01-5.06) 0.047

At univariate analysis, women with low TILs had a shorter PFS (HR =2.09, 95% CI: 1.05-4.15, p = 0.036, and when adjusting for age, visceral disease HR status and site of metastasis where TILs were
evaluated, significant association of TILs high vs low was confirmed (HR =2.26, 95% Cl: 1.01-5.06, p = 0.047).

Hazard ratio Lower 95% CI Upper 95% ClI p-value.

Cl confidence interval, HR hormone receptor, PFS progression-free survival, TILs tumor-infiltrating lymphocytes.

However, a lower threshold (5%, at the lower 25% percentile) for TILs
provided a significant prognostic stratification. Patients with higher TILs
levels (>5%) had meaningfully longer PES and OS compared to those with
low TILs levels (<5%) in univariate models, with somewhat consistent
results after adjusting for relevant prognostic variables. These findings align
with previous studies suggesting that TILs reflect an ongoing anti-tumor
immune response and may further enhance anti-tumor immunity through
their functional activity, improving patient outcomes. The Cox regression
analysis further supported the prognostic value of TILs. Low TILs levels
were associated with poorer PFS and OS, even after adjusting for potential
confounders such as age, HR status, and visceral disease. Interestingly, when
TILs were considered as a continuous variable, higher TILs levels were
associated with better outcomes, though statistical significance was not
consistently reached.

Previous research in metastatic HER2+ BC has produced mixed
results. The CLEOPATRA trial found that higher TIL level values were
significantly associated with increased OS, irrespective of the treatment
group, but only 7% of analyzed samples were from metastatic sites'". One
explanation, suggested by the authors for these findings, was that a more
functional antitumor immune response, involving various immune subsets
such as T-effector cells, B cells, and NK cells, may drive some of the
immunomodulating effects of HER2-directed therapies™**. Conversely, the
MA .31 trial, which utilized a 5% threshold, reported no significant prog-
nostic or predictive effects, likely due to the evaluation of TILs in primary
tumor samples and a less immunogenic cohort, were found for TILs
counts™.

In the PANACEA trial, trastuzumab pre-treated patients with HER2-
positive BC received pembrolizumab in combination with trastuzumab and
it was observed that the subgroup with higher expression of TILs had a
higher objective response rate (ORR). In an exploratory analysis of this trial,
authors showed that levels of TILs in the Programmed Death-Ligand 1 (PD-
L1)-positive cohort were significantly higher and that there was significantly
greater lymphocytic infiltration in objective responders and cases of patients
with disease control'®. Notably, among all PD-L1+ patients, 41% had TILs
level >5% and in this cohort, the disease control rate was 47% compared to
5% in patients with TILs <5%. This discrepancy highlights the potentially

divergent roles of the immune environment in different populations and
stages of BC.

However, Stover et al. demonstrated a correlation between TILs and
both PES and OS in chemotherapy-treated mBC patients, while adjusting
for the treatment arm in those enrolled in the phase III CALGB 40502 trial.
The authors selected a 5% TIL threshold based on previous studies in both
triple-negative and HER2+ BC, thereby supporting our results”.

In addition, in our study, a small number of patients had TILs data
from both the primary tumor and the metastasis. Comparing the percentage
of TILs in both samples, the value was much lower in the metastasis. This
finding is intriguing, as it suggests that the immune response within the
tumor microenvironment may decrease as the disease progresses and
metastasizes. The reduced TIL levels in metastatic sites could reflect an
immune escape mechanism, where tumors in advanced stages become less
responsive to immune infiltration, potentially contributing to poorer out-
comes. This underscores the need for further investigation into how the
immune microenvironment evolves during cancer progression and how it
might be leveraged to improve therapeutic strategies in metastatic settings.
Even though the sample size was very small, it is interesting to point out that
it confirmed similar findings in other studies including different solid
tumors™ . Several factors could influence this variation. First, the immune
suppressive mechanisms are likely more pronounced in metastatic disease,
possibly due to increased tumor heterogeneity and the evolution of immune
evasion strategies as cancer progresses. Moreover, the metastatic niche,
especially in “immune sanctuaries” like the brain, may present unique
immune challenges that differ fundamentally from those encountered in
primary tumor sites.

Indeed, there are differences also according to the site of metastases
where TILs were evaluated. The highest mean percentage of TILs was
observed in metastatic samples from the lung and lymph node, and lowest in
liver, bone, or soft tissue samples, as previously described’"”. It is important
to note that, unlike TIL evaluation in primary sites'’, there is currently no
international consensus on TIL assessment in metastatic sites. Additionally,
a higher TIL percentage in lymph nodes can be attributed to the unique
characteristics of the lymph node environment, which is naturally enriched
with lymphoid cells, potentially distorting the evaluation.
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Fig. 5 | OS according to TILs the sub-cohort of 57
patients. The images consist of Kaplan-Meier sur-
vival curves illustrating the OS of patients whose

OS respect to TILs

Strata == low (<=5) === high (>5)

OSrespect to TILs

Strata == low (<=10) == high (>10)

TILs were evaluated at the metastatic site according 1.00 p=0.015 1.00 p =043
to the TILs level. The green curves represent those _ _
patients with low T1ILs levels, while the orange curve _% 0.75 g 0.75
represents those with high TIL levels. The number of 5 =)

: : : - e P 050 9 050
patients at risk at various time points is displayed = =
below the survival curves for both TIL groups. o i o S
a Kaplan-Meier survival curves using the 25° per- o~ o~
centile (5%) as a cut-off for a high/low TIL score. The 0.00 0.00
median OS for patients with high TIL levels is sig- 0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120
nificantly longer than for those with low TIL levels, Time in months Time in months
as indicated by the p-value of 0.015. b Kaplan-Meier Number at risk Number at risk
survival curves using the 50° percentile (10%) as a Siow(<=5)]23 21 15 10 8 7 7 4 3 1 1 Slow(<=10){38 35 28 20 15 14 11 8 6 1 1
cut-off for a high/low TIL score. The median dif- o o

& high(>5){34 30 26 19 14 12 7 7 5 2 0 ¢ high(>10419 16 13 9 7 5 3 3 2 2 0

ference in OS between the two groups is not statis-

tically significant, with a p-value of 0.43. 0 12

¢ Kaplan—Meier survival curves using the 75° per-

centile (15%) as a cut-off for a high/low TIL score. a
The median difference in OS between the two

groups is not statistically significant, with a p-value

of 0.32. OS overall survival, TILs tumor-infiltrating
lymphocytes.

OS respect to TILs

-
=}
<}

e
5
o

24 36 48 60 72 84 96 108 120 0
Time in months

12 24 36 48 60 72 84 96 108 120
Time in months

Strata == |ow (<=15) == high (>15)

p=0.32

I'*—‘l| " g

Overall Survival
o
(4]
o

e T

60 72 84 96 108 120

Time in months

0.25
0.00
0 12 24 36 48
Number at risk
8 low (<=15)
B
& high(>15)411 9 8 6

46 42 33 23 17 15 11 8 6 1 1
5 4 3 3 2 2 0

0 12

24 36 48 60 72 84 96 108 120

Time in months

c
TILs Median OS (95%Cl)
<5 (n=23) 75.03 (25.8-NA)
>5 (n=34) not reached

Furthermore, evaluating the correlations between TILs as a continuous
variable and the clinicopathological characteristics of patients, we observed
that HR- patients had higher values of TILs at the limit of statistical sig-
nificance, confirming previous results that suggested a correlation between
ER expression and decreased function of CD8+ T-cells™**. We found also
that the percentage of TILs was lower in patients with visceral disease at
diagnosis, suggesting that low TILs correlate with a more aggressive disease.

However, while this study offers valuable insights, it has several lim-
itations. Indeed, its retrospective nature may introduce selection biases. For
example, in our cohort, BMs were observed in only 9 patients (8.2%) at the
time of diagnosis of metastatic disease. Given the small number of events,
this variable was not included in the multivariate model. However, con-
sidering the known prognostic impact of brain involvement in HER2+
mBC, this should be acknowledged as a potential limitation of our analysis.
An additional limitation of our study is the variability in assessments made
by different pathologists. Nevertheless, we attempted to minimize this risk
by following standardized protocols for TILs evaluation, and the assess-
ments were carried out by experienced pathologists. Notably, for 10 patients,
TILs were evaluated on lymph nodes as metastatic samples. Although
another limitation is the small sample size included compared to other

publications, TILs were assessed in most cases on tissue samples from
metastatic sites, whereas in other studies, nearly all assessments were per-
formed on primary tumor samples. Our findings offer some insights into
how the tumor microenvironment and its interaction with the immune
system may change from early-stage to metastatic disease. This underscores
the need to consider different tissue sources when analyzing TILs and their
potential relevance to prognosis and treatment response, while also recog-
nizing that an international consensus on the evaluation of TILs in meta-
static sites has yet to be established.

Future prospective studies with standardized TILs evaluation protocols
are necessary to validate these findings. Indeed, discrepancies in the role of
TILs as prognostic biomarkers in advanced HER2+ BC across different
studies necessitate further evaluation due to various methodological con-
cerns, such as differing TILs thresholds, sampling sites (primary vs. meta-
static), and patient characteristics. Future research should involve larger
cohorts to confirm these observations and investigate the mechanisms
behind the differing roles of TILs in primary versus metastatic BC. Bio-
marker development should focus on aspects of the immune response that
correlate with therapeutic outcomes in different contexts and metastatic
sites. Understanding the immune landscape in mBC is crucial for
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Table 6 | Cox prognostic models for TILs and OS for the cohort of patients whose TILs were evaluated at the metastatic site (=57

patients)

Variable Univariate HR (95% CI) p-Value Variable Adjusted HR (95% CI) p-Value
Age (continuous) 0.98 (0.94-1.03) 0.386 Age (continuous) 0.99 (0.95-1.05) 0.937
Visceral disease Visceral disease

No Reference No Reference

Yes 1.34 (0.47-3.78) 0.583 Yes 4.89 (1.08-22.0) 0.039
Site of Metastasis Site of Metastasis

Lung Reference Lung Reference

Liver 1.22 (0.24-6.29) 0.816 Liver 0.87 (0.12-6.24) 0.889
Bone 3.26(0.63-16.93) 0.161 Bone 5.55 (0.61-50.76) 0.129
Lymph node 1.96 (0.36-10.76) 0.438 Lymph node 1.46 (0.21-10.20) 0.702
Soft Tissue 1.16(0.16-8.34) 0.880 Soft Tissue 1.87 (0.21-16.86) 0.575
HR HR

Negative Reference Negative Reference

Positive 2.44 (0.91-6.51) 0.076 Positive 2.04 (0.67-6.16) 0.206
TlLs TILs

High (>5%) Reference High (>5%) Reference

Low (<5%) 3.18 (1.19- 8.50) 0.021 Low (£5%) 2.97 (0.90-9.87) 0.075

At univariate analysis, women with low TILs had worse OS (HR=3.18, 95% Cl: 1.19-8.50, p = 0.021, and when adjusting for age, visceral disease, hormonal receptor status, and site of metastases the
association of TILs with OS was at limit of statistical significance (HR =2.97,95% CI: 0.90-9.87, p = 0.075).

Cl confidence interval, HR hormone receptor, OS overall survival, TILs tumor-infiltrating lymphocytes.

Wilcoxon, p = 0.0085
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Fig. 6 | TILs analysis in paired samples (n = 13). For n = 13 patients TILs are
available in primary tumors and corresponding metastases, which are distributed as
follows: n = 4 liver, n = 3 lung, n = 3 lymph node, n = 2 soft tissue, and n = 1 bone.
The percentage of TILs in the metastatic site was significantly lower (median:10%)
than in the primary tumors (median: 15%) (Wilcoxon paired test, P = 0.008). prim
primary site, MT metastatic site, TILs tumor-infiltrating lymphocytes.

optimizing treatment strategies and improving patient outcomes, especially
since clinical trials have shown poor results with immunotherapy in
advanced disease, even in TIL-enriched cancers">". In conclusion, despite
the limitations of our study, it provides valuable insights into the interaction
between the tumor microenvironment and the immune system in
HER2+ mBC.

Methods

Study design and patient selection

This multicentric retrospective cohort study included 110 consecutive
patients with confirmed HER2+ mBGC, treated at the European Institute of

Oncology and the AOU Policlinico Umberto I, between June 2013 and May
2024, using pertuzumab, trastuzumab, and taxane-based chemotherapy as
first-line therapy. Eligibility criteria were adults aged 18 or older, diagnosed
with stage ITT unresectable and stage IV HER2 + BC, and treated with a first-
line regimen of pertuzumab, trastuzumab, and taxane-based chemotherapy.
Patients were excluded if they had received prior systemic therapy for
metastatic disease, had incomplete medical records, or had no available
archival tumor samples. The study was conducted in accordance with Good
Clinical Practice guidelines and the declaration of Helsinki. Written
informed consent was obtained from all patients. The study received
approval from the respective institutional Research Ethics Boards, including
the Coordinating Center Ethics Committee (European Institute of Oncol-
ogy, Approval Number: ID4176) and the Institutional Ethics Committee of
AOU Policlinico Umberto I (Protocol n® 805/16, RIF.CE:4181).

Data collection

Clinical features and outcomes were retrieved from electronic medical
records in both institutes. This included demographic details, treatment
regimens, response rates, date of disease progression, and death. The date of
initial diagnosis, the onset of metastasis, and the sites of metastatic disease
were also recorded.

Sample collection and TILs assessment

Archival tumor samples were obtained for each patient before the initiation
of first-line treatment. TILs, ER and PR status, and HER2 status were
assessed on metastatic tissue samples when available, and on primary
tumor samples otherwise. ER, PR and HER2 were based on the standar-
dized ASCO/CAP guidelines”. ER and PR positivity were defined with a
1% cut-off at immunohistochemistry (IHC)*. HER2 positivity is defined
either by protein overexpression as determined by immunohistochemical
score (IHC) 3+ or equivocal protein expression (IHC 2+), with evidence of
HER2 gene amplification (defined here as IHC 2-+/Amplified)**”. TILs
were locally evaluated on H&E-stained slides by an experienced pathologist
of each institute, following the International TILs Working Group criteria’.
TILs were quantified as a percentage of the stromal area occupied by
lymphocytic infiltrates. Indeed, TILs were analyzed as continuous variables,
and their distribution at the 25th, 50th, and 75th percentiles.
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Statistical analysis

Statistical analysis was conducted using R software environment for statis-
tical computing and graphics (version 4.2.3, R Foundation, Vienna, Austria).
All analyses were performed considering all cohort (n = 110) and the cohort
with TILs evaluated only in the metastatic site (1 = 57). Continuous variables
were described using median and IQR, and categorical variables using fre-
quencies and percentages. Shapiro-Wilk test was applied to TIL’s variable to
check for distribution normality. Mann-Whitney test or Kruskall-Wallis test
was used to analyze the correlations between clinicopathological factors and
continuous TILs variable. A paired Wilcoxon test was applied to compare
TILs percentage evaluated in both primary and metastatic sites (1 = 13). PFS
was defined as the time from first-line treatment start to the evidence of
progressive disease or death from any cause (whichever occurred first) while
OS was defined as the time from first-line treatment start to death from any
cause. Data were censored if the disease had not progressed by the last
evaluation or if patients were still alive at the last follow-up. The cut-off
values were defined as the 25° percentile, median, and 75° percentiles of TILs
distribution. The survival curves were generated by Kaplan—-Meier method
and evaluated by log-rank test. Univariate and multivariate Cox’s propor-
tional hazards models were used to evaluate the association of TILs levels
with PFS and OS, adjusted for potential confounders such as age, HR status,
and presence of visceral disease. All tests were two-sided and, overall, a
threshold of 0.05 for the p-value was considered.

Data availability

The datasets generated and/or analyzed during the current study are not
publicly available due to privacy and confidentiality concerns, as they
contain sensitive patient information. However, the data can be made
available from the corresponding author upon reasonable request, in
compliance with relevant data protection regulations.

Code availability

Statistical analysis was conducted using R software environment for sta-
tistical computing and graphics (version 4.2.3, R Foundation, Vienna,
Austria). No custom code or software was used in this study.

Abbreviations

BC breast cancer

BMs brain metastases

ER estrogen receptor

ER+- estrogen receptor-positive
H&E hematoxylin and eosin
HER2+ HER2-positive

HR hormone receptor

HR+/— hormone receptor-positive/negative
ICIs immune checkpoint inhibitors
IHC immunohistochemistry

IQR interquartile range

mBC metastatic breast cancer

(6N overall survival

ORR objective response rate

P p-value

PD-L1 Programmed Death-Ligand 1
PFS progression-free survival

PR progesterone receptor

PR+ progesterone receptor -positive
TILs tumor-infiltrating lymphocytes
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