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ABSTRACT
◥

Purpose: We aim to evaluate the prognostic significance of
tumor-infiltrating lymphocyte on residual disease (RD-TIL) in
HER2þ patients with breast cancer who failed to achieve pathologic
complete response (pCR) after anti-HER2þ chemotherapy (CT)-
based neoadjuvant treatment (NAT). We assessed the feasibility of
combining the prognostic information provided by residual cancer
burden (RCB) and RD-TILs into a composite score (RCBþTIL).

Experimental Design: HER2þ patients with breast cancer trea-
ted with CTþanti-HER2-based NAT at three institutions were
retrospectively included. RCB and TIL levels were evaluated on
hematoxylin and eosin–stained slides from surgical samples accord-
ing to available recommendations. Overall survival (OS)was used as
an outcome measure.

Results: A total of 295 patients were included, of whom 195 had
RD. RCB was significantly associated with OS. Higher RD-TILs

were significantly associated with poorer OS as compared with
lower RD-TILs (15% cutoff). Inmultivariate analysis, both RCB and
RD-TIL maintained their independent prognostic value. A com-
bined score, RCBþTIL, was calculated from the estimated coeffi-
cient of RD-TILs and the RCB index in a bivariate logistic model for
OS. The RCBþTIL score was significantly associated with OS. The
C-index for OS of the RCBþTIL score was numerically higher than
that of RCB and significantly higher than that of RD-TILs.

Conclusions: We have reported an independent prognostic
impact of RD-TILs after anti-HER2þCTNAT, whichmight under-
lie an imbalance of the RD microenvironment towards immuno-
suppressive features. We provided a new composite prognostic
score based on RCBþTIL, which was significantly associated with
OS and proved to be more informative than the isolated evaluation
of RCB and RD-TILs.

Introduction
Neoadjuvant treatment (NAT) is increasingly administered in

patients with HER2þ breast cancer, as it combines the opportunity
of expanding locoregional treatment options, assessing the in vivo
sensitivity to systemic treatments, prognostically stratifying patients

based on pathologic response, and, notably, opening the possibility of
personalizing the post-neoadjuvant systemic approach (1). More
specifically, pathologic complete response (pCR) is one of the strongest
positive prognostic factors in HER2þ breast cancer (2–4), and the
presence of residual disease (RD) at surgery currently represents the
main criterion for selecting high-risk patients for escalated strategies in
the post-neoadjuvant setting (5). Nevertheless, this dichotomic strat-
ification is still suboptimal for estimating, at the patient level, the risk of
relapse, as some patients with RD will remain disease-free, and
conversely, a fraction of patients achieving pCR will still experience
a recurrence event (2–4). Therefore, identification of additional bio-
markers to increase prognostication is critical.

Residual cancer burden (RCB), which combines the extent of
residual cancer at surgery with more comprehensive histopathological
data (6), offers a standardized and reproducible evaluation of RD (7),
which can provide more granular prognostic information for all breast
cancer subtypes, including HER2þ disease (8). In addition, the
immune compartment has a profound impact on HER2þ breast
cancer prognosis and response to systemic treatment (9). In patients
with HER2þ breast cancer treated with NAT, higher pretreatment
tumor-infiltrating lymphocytes (TIL) have been associated with
increased pCR rates and survival benefits (10). Nevertheless, TIL
evaluation on RD (RD-TIL) in HER2þ breast cancer has provided
contradictory results, as high post-NAT TILs have been associated
with prognosis in both directions (11–13), and several other reports
have failed to establish a prognostic role for RD-TILs (14–17).

This study aimed to evaluate the prognostic significance of RD-TIL
levels in a multicentric cohort of retrospectively selected patients with
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HER2þ breast cancer with RD after anti-HER2 plus chemotherapy
(CT) NAT. Furthermore, we assessed the feasibility of combining the
prognostic information provided by RCB and RD-TILs into a com-
posite score (RCBþTIL).

Materials and Methods
Population

Patients (female or male ≥18 years) diagnosed with HER2þ breast
cancer and treatedwithCT plus anti-HER2-basedNAT at three Italian
Institutions (Istituto Oncologico Veneto – IRCCS–Padova, Azienda
USL–IRCCS–Reggio Emilia, Humanitas Research Hospital – IRCSS –
Milano) between 2001 and 2021 were identified from prospectively
maintained databases. Patients with HER2þ breast cancer not receiv-
ing chemotherapy or anti-HER2 treatment as part of NAT were
excluded. Clinicopathologic, treatment, and follow-up data were
also collected.

Pathology
HER2 status was evaluated according to ASCO/CAP recommenda-

tions in place at the time of diagnosis, and cases were considered
HER2þ in case of IHC score 3þ and/or HER2 gene amplification
by ISH.

RCB and TIL levels were evaluated on hematoxylin and eosin
(H&E)-stained slides from the surgical samples. The RCB score was
calculated according to the standard methodology (6) using online
software (http://www.mdanderson.org/breastcancer_RCB), which
integrates data regarding primary tumor bed area, overall cancer
cellularity, percentage of in situ disease, number of positive lymph
nodes, and diameter of the largest metastasis. RCB was considered as a
continuous and categorical variable (classes I/II/III) by adopting
predefined validated cut-offs (6).

TIL levels were assessed, blinded to patient data, according to the
International Immuno-oncology Biomarker Working Group recom-
mendations for TIL evaluation of RD (18, 19).

Statistical analysis
Statistical analyses were performed using IBM SPSS [version 24;

(SPSS, RRID:SCR_002865) and R (version 4.2.2; RRID:SCR_001905)].

Descriptive statistics were used to analyze patient demographics
and clinical characteristics. For continuous variables, mean, median,
range, and quartiles were computed. The distribution of continuous
variables across subgroups was assessed using Mann–Whitney and
Kolmogorov–Smirnov nonparametric tests. Comparisons of cate-
gorical variables across groups were performed using the chi-square
test (x2).

The primary survival endpoint of the present analysis was overall
survival (OS), defined as the time from surgery to death from any cause
or last follow-up; patients without an OS event were censored at the
time of the last follow-up. For descriptive purposes, we also assessed
disease-free survival (DFS), defined as the time from surgery to
recurrence (local or distant), death from any cause, or last follow-up;
patients without a DFS event were censored at the time of the last
follow-up. The Kaplan–Meier method was used to estimate survival
curves, the log-rank test was used to perform survival analyses, and the
Cox regression model to calculate Hazard ratios (HR) and 95%
confidence intervals (CI). Harrell’s concordance index (C-index;
ref. 20) was used to determine the optimal prognostic cut-off for
RD-TILs. C-indices were evaluated to compare the performance of the
prognostic models (21).

Ethical considerations
The studywas approved by the ethics committee of the participating

centers, and all relevant ethical regulationswere compliedwith. Tumor
samples were collected after approval from the respective Institutional
Review Board and in accordance with the Declaration of Helsinki.

Informed written consent was obtained from each subject who was
alive at the time of study entry.

Data availability
The datasets that support the findings of this study are not publicly

available to protect patient privacy. The data will be available on
reasonable request from the corresponding author.

Results
Patients’ characteristics

A total of 295 women with HER2þ breast cancer undergoing anti-
HER2-based NAT plus CT were selected. A total of 66.1% of patients
(n ¼ 195) exhibited RD (Fig. 1). Clinicopathologic characteristics of
the overall population are shown in Supplementary Table S1. Clin-
icopathologic features of the RD cohort are presented in Table 1. The
representativeness of study participants is shown in Supplementary
Table S2.

Most patients had ductal histology, poor differentiation, and a
clinically negative nodal status. In addition, almost two-thirds of
patients had hormone receptor–positive disease. All patients under-
went anti-HER2 plus CT-based NAT. Neoadjuvant CT consisted of
anthracyclineþtaxane in more than 80% of patients. After NAT, the
nodal status was negative in most cases. In the adjuvant setting, the
majority of patients received trastuzumab and �12% received esca-
lated treatment with T-DM1. Almost two-thirds of the population was
exposed to adjuvant endocrine treatment.

RCB and TIL evaluation
RCB and RD-TILs were available for 180 and 159 patients, respec-

tively. The median RCB score was 1.7 (Q1–Q3, 1.4–2.9). RCB class
distribution was 21.7% (n ¼ 39) class I, 62.2% (n ¼ 112) class II, and
16.1% (n ¼ 29) class III. No differences in the RCB class distribution
were observed according to hormone receptor status (P ¼ 0.23).

Translational Relevance

Neoadjuvant treatment (NAT) is increasingly being adminis-
tered to HER2þ breast cancer, as it offers undeniable clinical
benefits from a patient perspective. Subsequent adjuvant drugs
are tailored on the basis of the presence or absence of residual
disease (RD) cells after NAT. In this retrospective study, residual
cancer burden (RCB) and tumor-infiltrating lymphocytes (TIL)
were evaluated on RD in patients with HER2þ breast cancer
treated with NAT. Bot higher RD-TILs and RCB were indepen-
dently associated with worse overall survival (OS) and their
prognostic information was integrated into a composite prognostic
score for OS, RCBþTIL, which provided additional prognostic
information beyond the isolated evaluation of the two parameters.
If validated in larger prospective cohorts, the RCBþTIL prognostic
model could help refine the assessment of RD to more reliably
predict the outcome of this heterogeneous population of patients
with HER2þ breast cancer.
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Median RD-TILs were 5.0% (Q1–Q3, 1.0%–10.0%). Fifteen percent
of RD-TILs were identified as the optimal prognostic cutoff for OS,
with TILs <15% defined as low-RD-TILs and ≥15% as high RD-TILs.
The distribution of lowRD-TIL andhighRD-TIL categories was 82.4%
and 17.6%, respectively (Fig. 2). RD-TILs were significantly associated
with hormone receptor status, with hormone receptor–negative
patients having a significantly higher likelihood of exhibiting high
levels of RD-TILs (P ¼ 0.012; Fig. 2).

RCB and RD-TILs were not significantly correlated with each other
(Pearson correlation, P ¼ 0.360). In addition, the distribution of
median RD-TILs was not significantly different according to RCB
classes, with numerically lower RD-TILs in RCB I and no difference
between RCB II and RCB III (median RD-TILs in RCB I, II, III: 2% vs.
5% vs. 5%, P ¼ 0.054).

Prognostic role of RCB and RD-TILs
At a median follow-up of approximately 84 months, 37 patients

died. Of these events, 91.9% (n ¼ 34) were deaths related to breast
cancer and 8.1% (n ¼ 3) were deaths from other causes.

RCBwas significantly associated withOS bothwhen considered as a
continuous (HR, 1.97; 95% CI, 1.41–2.74; P < 0.001; Fig. 3A) and a
categorical variable (P < 0.001; Fig. 3A). RD-TILs were significantly
associated with OS, with patients exhibiting high RD-TILs experienc-
ing significantly poorer OS as compared to those with low RD-TILs
(HR 2.32; 95% CI, 1.07–5.03; P ¼ 0.028; Fig. 3B).

The significant prognostic role of RD-TILs was driven by the RCB II
subgroup (n¼ 103; HR, 3.25; 95% CI, 1.1–9.7; P¼ 0.036), whereas the
prognostic association between RD-TILs and OS was not significant
within RCB I and III.

Given the enrichment of our cohort for hormone receptor–positive
cases, we assessed the prognostic role of RD-TILs specifically in this
subgroup, confirming the significant association with OS (HR, 3.65;
95% CI, 1.4–9.4).

In multivariate analysis, both RCB (index) and RD-TIL categories
maintained their independent prognostic value for OS [RCB: HR, 1.90
(95%CI, 1.35–2.67),P< 0.001; RD-TILs: HR, 2.30 (95%CI, 1.06–5.01),
P ¼ 0.036; Table 2].

For descriptive purposes, the association between RCB and RD-
TILs with DFS was also explored. Supplementary Table S3 shows the
multivariate regressionmodel including RCB and RD-TILs. Both RCB
and RD-TILs were independently associated with DFS.

We then prognostically stratified patients according to the inte-
grated evaluation of RD-TIL categories and RCB classes, focusing on
the intermediate and extensive RD burden categories (RCB II – TIL
low, RCB II – TIL high, RCB III – TIL low, RCB III – TIL high). We
observed that RD-TILs were capable of refining the risk assessment,
with high RD-TILs determining a detrimental effect within the same
RCB class, as shown in Supplementary Fig. S1.

A combined score, RCBþTIL, was calculated from the estimated
coefficient of RD-TILs (dichotomous, high vs. low) and the RCB index
(continuous) in a bivariate logistic model for OS: TILs (0 ¼ low/1 ¼
high)� 0.83þ RCB (index)� 0.64. RCBþTIL score was significantly
associated with OS (HR, 2.72; 95% CI, 1.72–4.31; P < 0.001), with a
decreasing probability of OS with increasing RCBþTIL levels, as
shown in Fig. 4A.

By applying the Harrel C test for all RCB-TIL values, we identified
1.72 as the optimal prognostic cutoff for OS. We found a highly
significant association between the dichotomous RCB-TILs and OS
(HR, 4.36; 95% CI, 2.01–9.48; P < 0.001), as shown in Fig. 4B.

The C-index for OS of the RCBþTIL group was numerically higher
than that of the RCB (0.73 vs. 0.68, P ¼ 0.08) and significantly higher
than that of the RD-TILs (0.73 vs. 0.58, P ¼ 0.007).

For descriptive purposes we also developed the RCBþTIL
combined score calculated from the estimated coefficient of
RD-TILs (dichotomous, high vs. low) and the RCB index (con-
tinuous) in a bivariate logistic model for DFS (Supplementary
Results). The combined score (continuous) was significantly asso-
ciated with DFS.

Exploratory analysis
Baseline TILs

Baseline TILs were available for 156 patients. Baseline TILs were
significantly associated with pCR both when considered as a contin-
uous (P < 0.001) and a categorical variable by considering the already

Figure 1.

Flow diagram of the study. The flowdiagram of the study shows the original population of the study, the subgroup of patientswith RD, and the populations for which
RCB, RD-TILs, and their integrated evaluation were available. BC, breast cancer.

RCBþTIL: A Composite Prognostic Model in HER2þ Breast Cancer
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validated cutoffs (pCR rates in high vs. low baseline TILs: 64% vs. 33%,
P < 0.001; ref. 22), as shown in Supplementary Fig. S2A. This
association was confirmed and was particularly pronounced in
patients receiving neoadjuvant anti-HER2 treatment in association
with taxane-only chemotherapy (N ¼ 27; pCR rates in high vs. low
baseline TILs: 82% vs. 44%, P < 0.001; Supplementary Fig. S2B).

TIL dynamics during NAT
Amatched evaluation of baseline TILs was available for 84 patients.

In the overall cohort of patients with RD, TIL levels did not signif-
icantly differ between baseline biopsy and RD (median baseline TILs
and RD-TILs: 13.9% vs. 9.8%, P ¼ 0.300; Supplementary Fig. S3A).
However, when differentiating between patients with high RD-TILs
versus low RD-TILs, an inverse dynamic emerged. In particular,
although a significant increase in TILs after NAT exposure was
observed in patients with high RD-TILs (median baseline TILs vs.
RD-TILs: 13.3% vs. 38.2%, P < 0.001), with all cases showing some
degree of TIL increase (Supplementary Fig. S3B), a numerical decrease
in TILs was instead seen in patients with low RD-TILs (median
baseline TILs vs. RD-TILs: 11.8% vs. 3.8%, P ¼ 0.113; Supplementary
Fig. S3C).

TIL-delta between baseline and RD (continuous) did not signifi-
cantly differ across RCB classes (P ¼ 0.257). In addition, among
patients with low RD-TILs, we did not observe any significant asso-
ciation between TIL-delta and RCB class distribution (P ¼ 0.161).

Discussion
In this study, we investigated the prognostic role of TIL levels on RD

in a cohort of retrospectively selected patients with HER2þ breast
cancer who failed to achieve pCR after anti-HER2 plus taxa-
ne�anthracycline-based CT NAT.

We reported a significant inverse association between TILs on RD
and OS, with patients exhibiting more than 15% of RD-TIL levels
experiencing significantly shorter OS as compared with those with
lower RD-TILs. Interestingly, although TIL levels evaluated on pre-
treatment biopsies have been consistently correlated with higher pCR
rates and improved survival in patients with HER2þ breast cancer
patients (23–26), the evaluation of TILs on RD in patients failing to
achieve pCR has provided contradictory results. In fact, some studies
have found higher RD-TILs to retain a positive prognostic value (11),
whereas other groups reported noprognostic association at all (14–17).

Table 1. Clinicopathologic characteristics of patients with RD after surgery.

Characteristics N (%) Median (Q1–Q3)

Gender Female 195 (100)
Male 0 (0)

Age (years) 50.4 (43.7–60.3)
Histology Ductal carcinoma 181 (92.8)

Lobular carcinoma 7 (3.6)
Other/NA 7 (3.6)

Grading 1 0 (0.0)
2 75 (38.5)
3 104 (53.3)
NA 16 (8.2)

Clinical stage - cT 1 11 (5.6)
2 133 (68.2)
3 34 (17.4)
4 16 (8.2)
NA 1 (0.6)

Clinical stage - cN Negative 81 (41.5)
Positive 114 (58.5)

Clinical TNM I 7 (3.6)
II 137 (70.2)
III 51 (26.2)

Estrogen expression (%) 50 (0–90)
Progesterone expression (%) 5 (0–50)
Hormone receptor status Negative (<1%) 58 (29.7)

Positive (≥1%) 137 (70.3)
Ki67 expression (%) 30 (20–45)
Neoadjuvant treatment Anti-HER2 195 (100)

Anthracyclineþtaxane CT 165 (84.6)
Taxane-based CT 28 (14.3)
Other CT 2 (1.1)

Post-neoadjuvant nodal stage Negative 116 (59.5)
Positive 76 (39.0)
NA 3 (1.5)

Adjuvant CT Yes 53 (15.6)
Adjuvant anti-HER2 treatment Trastuzumab 157 (80.5)

T-DM1 24 (12.3)
None 14 (7.2)

Adjuvant ET Yes 125 (64.1)

Abbreviations: CT, chemotherapy; ET, endocrine therapy; NA, not available; Q1–Q3, interquartile range.
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In line with our evaluation, a worse prognostic significance has also
been suggested (12, 13). In this latter regard, similarly to our study,
Hamy and colleagues reported a negative prognostic association
between high RD-TILs and DFS in a cohort of 175 patients with
HER2þ breast cancer treatedwithNAT (12, 13), which was confirmed
by multivariate analysis (13). The cutoff for defining high TILs in
Hamy’s and our study slightly differed (25% and 15%, respectively),
thus making results not entirely comparable. However, although the
retrospective nature of the data produced so far, as well as analytical
challenges, could limit the interpretation of available evidence, these
data remain in direct contrast to what has been observed in triple-
negative breast cancer (TNBC), where high RD-TILs have been
consistently associated with substantially better outcomes (27, 28).
Interestingly, the negative prognostic role of RD-TILs was driven by
the moderate RD burden (RCB II) cohort, whereas no significant
association was found within the minimal and extensive RD burden

categories (RCB I and III, respectively). A similar observation—albeit
in the opposite direction—has been made for the prognostic role of
RD-TILs in TNBC, where the magnitude of the positive prognostic
impact of RD-TILs was greater within the RCB II subgroup with no
effect within the RCB III category (28). Although this analogy appears
intriguing, the under-representation, in our cohort, of patients with
RCB I and III precludes the possibility to solidly interpret our results,
whichmay reflect either a true differential prognostic effect of RD-TILs
according to RD burden or a limitation in terms of statistical power.

The apparently counterintuitive behavior of RD-TILs in HER2þ
breast cancer as compared with TNBC could be interpreted as the
result of the unique immune–cancer cell interaction occurring within
HER2þ disease, where the simultaneous evidence of incomplete
eradication of cancer cells by chemotherapy plus anti-HER2 targeted
treatment and high levels of immune infiltrate may reflect a self-
sustaining vicious circle of detrimental mutual relationship between

Figure 2.

Distribution of RD-TILs. Distribution of
RD-TILs in the overall cohort and
according to hormone receptor status.
RD-TILs, tumor-infiltrating lympho-
cytes on residual disease.

Figure 3.

Kaplan–Meier curves for OS. Kaplan–Meier curves for OS according to RCB class (I–III; A) and RD-TILs (B). RCB, residual cancer burden; RD-TILs, tumor-infiltrating
lymphocytes on residual disease.

RCBþTIL: A Composite Prognostic Model in HER2þ Breast Cancer
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cancer cells and immune cells, unbalanced towards an immuno-
suppressive/protumorigenic polarization. In fact, RD-TIL evalua-
tion constitutes the bulk measurement of different lymphocyte
subpopulations, including T cells, B cells, and NK cells, possessing
different relative densities, phenotypes (29, 30), spatial distribu-
tions, and complex interactions with their surroundings (29), which
can influence their functional status and ultimately converge to
determine their clinical significance in terms of treatment response
and prognosis (30–34). Our results integrate well within this frame-
work, where the significant negative impact of RD-TILs on prog-
nosis may be interpreted as the direct and deleterious result of these
complex immune–tumor interactions. Of course, future research
should focus on better characterizing the composition of the RD
immune infiltrate, by including markers of antibody-dependent
cellular cytotoxicity/phagocytosis (e.g., NK cells; refs. 31, 32) or
informing regarding the polarization either in immunosuppressive
or cytotoxic direction (e.g., CD8/FOXP3 ratio; ref. 31).

We also assessed the association between the RCB index and OS in
our cohort, confirming and strengthening the strong prognostic value
of RCB in patients with HER2þ breast cancer treated with taxane �
anthracycline-based CT and anti-HER2 treatment (8). Importantly,
RD-TILs and RCB were not significantly correlated with each
other, and both preserved their independent association with OS in
multivariate analysis. These findings suggest the complementarity of
these two biomarkers from a prognostic point of view. Intriguingly,
when prognostically stratifying patients according to the integrated
evaluation of RD-TILs and RCB classes, we observed that RD-TILs

were capable of refining the risk assessment of patients with HER2þ
breast cancer failing to achieve pCR. In particular, by focusing on
moderate and extensive RDburden categories, we observed that within
the same RCB class, RD-TILs were capable of “up/down-staging” the
risk category determined by the sole evaluation of RD burden. This
observation is appealingly similar—albeit in opposite sense—to what
has already been validated within TNBC (35), and further emphasizes
the importance of validating RD-TILs in patients with HER2þ breast
cancer undergoingNAT, by integrating their usewithin the framework
of risk assessment in the experimental scenario and, in a close future,
even in the daily practice setting. These observations lay the foundation
for the development of a novel composite prognostic score incorpo-
rating both RD-TILs and RCB index (the so-called RCBþTIL).
Importantly, the RCBþTIL composite score was significantly associ-
ated with OS, outperforming the prognostic performance of RD-TILs
alone, and providing numerically stronger prognostic information
than theRCB index. Thesefindings provided proof of principle that the
incorporation of data reflecting both the burden and immune biology
of RD in patients with HER2þ breast cancer failing to achieve pCR
after standard NAT may be more informative than the isolated
evaluation of the two single biomarkers, thus adding a further layer
of knowledge regarding the complex interaction between cancer,
immunity, and systemic treatments. A subtler consideration regarding
the association between this novel composite prognostic score and the
endpoint OS suggests that the co-existence of a high burden of RD and
fraudulent immune infiltration may actually affect the entire natural
history of HER2þ breast cancer.

To our knowledge, this is thefirst attempt to combine the prognostic
information provided by RCB with RD-TILs in patients with HER2þ
breast cancer. Previous studies investigated the prognostic value of
composite models integrating residual cellularity/tumor with immune
information; however, they focused on TILs measured at baseline or
early during NAT, thus making their results not comparable to
ours (25, 36). If validated in larger prospective cohorts, the new
prognostic model provided in this study may contribute to a more
reliable prediction of the outcome of the heterogeneous population of
patients with HER2þ breast cancer failing to achieve complete clear-
ance of cancer cells from the breast and axilla after standard neoadju-
vant therapy.

Figure 4.

Association between RCBþTIL and OS. A, Predicted correlation between composite RCBþTIL score and OS (months). B, Kaplan–Meier curves for OS according to
dichotomic RCBþTIL.

Table 2. Multivariate Cox analysis for OS in patients with residual
disease after surgery.

Factors HR (95% CI) P

RCB, continuous 1.90 (1.35–2.67) <0.001
RD-TILs (high vs. low) 2.30 (1.06–5.01) 0.036

Note: RD-TIL cut-off high (≥15%) and low (<15%).
Abbreviations: HR, Hazards ratio; RCB, residual cancer burden; RD-TILs, tumor-
infiltrating lymphocytes on residual disease.
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The value of our observations is further appealing considering the
results of our exploratory analysis aimed at investigating TIL dynamics
under NAT exposure. Interestingly, although this analysis involved
only a subgroup of patients and should therefore be interpreted with
caution, it provided the insight of a diametrically opposed behavior of
TIL evolution in patients with high versus low RD-TILs, with the first
experiencing a significant increase from baseline and the latter a
numerical decrease from baseline, revealing that the immune micro-
environment of RD reflects acquired mechanisms possibly shaped by
NAT exposure. This ultimately generates the hypothesis that although
baseline TILs may reflect the intrinsic immunogenicity features of
HER2þ breast cancer, RD-TILs could more comprehensively capture
the complex interaction between tumor, host, and treatments. Impor-
tantly, although previous studies consistently demonstrated a highly
dynamic behavior of immune infiltration under neoadjuvant chemo-
therapy þ anti-HER2 treatment (9, 25, 37), none of these studies
assessed TIL dynamics using our highly reproducible approach (18).

Overall, our findings may provide the rationale for redefining the
endpoints for neoadjuvant trials, switching from a purely quantitative
and punctiform perspective towards a more qualitative, dynamic, and
integrated appraisal of RD, thus well integrating with accumulating
evidence highlighting the suboptimality of pCR, regarded in isolation,
as a prognostic biomarker in HER2þ breast cancer (38, 39). Within
this specific framework, the RCBþTIL composite model may assist in
the identification of patients at high risk of relapse, who may poten-
tially benefit, in experimental platforms, from integrated systemic
approaches in the post-neoadjuvant setting, with the aim of disrupting
the vicious loop established betweenmicro-metastatic cancer cells and
host immunity, sustaining both anti-HER2 treatment resistance and
antitumor immune anergy. Indeed, it can be speculated that the
administration of post-neoadjuvant strategies exclusively focused on
targeting HER2 might not be sufficient in patients failing to achieve
pCR after CTþanti-HER2 NAT and exhibiting high RD-TILs/
RCBþTIL scores. In this context, although results from trials inves-
tigating immunotherapy activity and efficacy in unselected HER2þ
breast cancer have been unsatisfactory so far (40), the contextual
evaluation of TILs and RCB into the RCBþTIL composite model may
allow the identification of patients with suboptimal responses to anti-
HER2-based NAT and an enhanced immune infiltration, thus poten-
tially serving as a reproducible and easily obtainable tool to guide
patient selection in the future development of anti-HER2 plus immu-
nologic integrated treatment strategies for the post-neoadjuvant man-
agement of high-risk patients with HER2þ breast cancer.

Finally, we also performed an exploratory analysis aimed at asses-
sing the role of baseline TILs in pCR prediction. We confirmed in our
cohort of patients with HER2þ breast cancer the strong association
between more than 10% of baseline TILs and the subsequent achieve-
ment of pCR, as demonstrated previously (22), thus solidifying the
solid role of baseline TILs in the identification of patients with a higher
likelihood of achieving pCR after standard NAT. Interestingly, this
association was confirmed and was numerically even more pro-
nounced in the subgroup of patients receiving anthracycline-free
chemotherapy backbone, with more than 80% of patients with inter-
mediate/high TILs achieving pCR after taxane-only chemotherapy
(þHER2 blockade). This observation is particularly timed given the
great enthusiasm regarding the possibility of omitting anthracycline
from the neoadjuvant chemotherapy backbone of patients with
HER2þ breast cancer (41) fueled by preliminary data suggesting a
more favorable risk/benefit ratio of anthracycline-free neoadjuvant
regimens (42, 43). Within this framework, our results, if validated,
suggests that TILs may find a positioning in guiding the selection of

patients capable of achieving pCR with a de-escalated neoadjuvant
approach.

This study has several strengths. First, it constitutes one of
the largest multi-institutional evaluations of RD-TILs in a cohort
of patients with HER2þ breast cancer treated with neoadjuvant
anti-HER2 treatment plus taxane�anthracycline chemotherapy.
In addition, RD-TILs were assessed according to standardized
guidelines (18). Moreover, the adoption of OS as a prognostic
endpoint allowed us to appraise the impact of the proposed
prognostic model on the evolution of the disease in HER2þ breast
cancer with RD after NAT.

We acknowledge some limitations, including the retrospective
design of our study and the inclusion of a subpopulation of patients
not receiving anti-HER2 escalated therapy, such as neoadjuvant
pertuzumab or post-neoadjuvant T-DM1, which could potentially
have different interactions with the RD immune compartment and
therefore impact the prognostic information derived from RD-TILs.
Moreover, our results do not envisage the possible differential impact
of different chemotherapy regimens on shaping the RD immune
microenvironment (44). However, since approximately 85% of
patients received anthracyclineþtaxane-based neoadjuvant chemo-
therapy, the possible confounding impact of this bias appears resized.
In addition, although the investigation of matched baseline TILs
provided highly informative insights, it involved a relatively small
subgroup of patients, and thus requires further investigation. More-
over, although the prognostic value of the RCBþTIL composite model
was not affected by hormone receptor status, our HER2þ cohort was
enriched in patients with hormone receptor–positive breast cancer,
which may be associated with a different immune milieu (45). As we
did not characterize gene expression profiling (GEP) regarding
intrinsic molecular subtypes, we cannot exclude the influence of
this variable in the interpretation of our data. Although in HER2þ
breast cancer, HER2-enriched is the most predominant intrinsic
subtype, all the different intrinsic molecular subtypes can be
represented within HER2þ disease (46, 47). Finally, our population
was enriched for RCB class II cases, thus limiting the statistical
power to properly interpret the possibly differential prognostic
significance of RD-TILs across different RCB classes.

In conclusion, we have reported an independent negative prognos-
tic impact of higher RD-TILs after anti-HER2þCT-based NAT, which
might underlie an imbalance of the RD immune microenvironment
towards immunosuppressive features. We also provided a new com-
posite prognostic score based on RCBþTIL, which was significantly
associated with OS, proving to be more informative than the isolated
evaluation of RCB and RD-TILs.
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