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High lymphocytic infiltration (TILs) seem to reflect favorable host antitumor immune responses. In breast cancer, the

variation of TILs before and after neoadjuvant chemotherapy (NAC) according to BRCA status has been poorly

described. 
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1. Introduction

Neoadjuvant or pre-operative chemotherapy (NAC) is classically administered to patients with inflammatory or locally

advanced breast cancer (BC). Beyond increasing breast-conserving surgery rates , it also serves as an in vivo

chemosensitivity test and the analysis of residual tumor burden may help understanding treatment resistance

mechanisms . In addition, it helps refining the prognosis of patients after NAC, as pathological complete response (pCR)

after NAC is associated with a better long-term survival .

Nearly 5% of breast cancers occur in a context of genetic predisposition, mostly represented by monoallelic pathogenic

variants of BRCA1, BRCA2 or PALB2 genes . Patients with loss-of-function of the BRCA1 or 2 proteins have a higher

cumulated breast cancer risk, with a cumulated lifetime risk at eighty years old of 72% (BRCA1) and 69% (BRCA2) . The

peak incidence for BRCA1 mutation carriers occurs between 41 and 50 years old (28.3 per 1000 person-years), whereas

it occurs ten years later for BRCA2 mutation carriers (30.6 per 1000 person-years between 51 and 60) . BRCA1 and

BRCA2 are tumor-suppressor genes that code for proteins involved in homologous recombination (HR) repair. HR

deficiency (HRD) occurs when the second allele is inactivated by allelic deletion (often detected by LOH), genic alteration

or promoter methylation (for BRCA1 only). Biallelic BRCA1/2 inactivation results in genomic instability and theoretically

increases the somatic mutational load .

Tumors associated with germline or somatic BRCA1/2 pathogenic mutations display different patterns when compared

with sporadic BCs. Cancers occurring among BRCA1 carriers are more frequently classified as medullary , whereas

histological subtypes among BRCA2 carriers tend to be more heterogeneous . In addition, BRCA1 carriers are more

frequently ER-negative, PR-negative and lack HER2 amplification (i.e., display a triple negative (TNBCs) phenotype )

whereas in BRCA2 carriers, a similar prevalence of ER-positive tumors has been described when compared with sporadic

controls .

Most of patients with TNBCs receive chemotherapy . Due to the alteration of BRCA1 and BRCA2 proteins in tumor

cells, BRCA-mutated cells are unable to properly repair double-strand breaks, classically induced by DNA-alkylating

agents . Hence, BRCA deficiency has sometimes been associated with a higher sensitivity to platinum agents when

compared to other types of neoadjuvant chemotherapy regimens . In a recent meta-analysis of platinum-based

neoadjuvant chemotherapy in TNBC, the addition of carboplatin was not associated with significantly increased pCR rate

in BRCA-mutated patients (OR = 1.17, CI95% [0.51–2.67], p = 0.711) . So far, the benefit of adding a platinum agent in

BRCA-mutated patients receiving standard neoadjuvant chemotherapy remains a matter of debate. Nevertheless, beyond

the controversy upon platinum-based agents in BRCA-deficient tumors, the effectiveness of standard NAC in all BC

subtypes associated with BRCA pathogenic variants compared to controls has been poorly explored so far.

The role of tumor infiltrating lymphocytes (TILs) in BC has been extensively studied over the last decade. High levels of

TILs before NAC are associated with higher pCR rates and better survival, especially for TNBC and HER2-positive BCs

. However, despite a growing interest in the field of immunity and oncology, characterization and quantification of TILs

across all BC subtypes according to BRCA status has not been extensively described. Similarly, no study has evaluated

so far, the evolution of immune infiltration after NAC according to BRCA status.
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2. Response to Treatment and Post-NAC Immune Infiltration

2.1. Response to Treatment

At NAC completion, pCR was observed in 84 out of 266 (31%) patients and pCR rates were significantly different by BC

subtype (luminal: 10% (9/89), TNBC: 45% (49/110) and HER2-positive 39% (26/67), p < 0.001). Pre-NAC str TIL levels

were significantly higher in tumors for which pCR was achieved (p < 0.001) and there was a significant association

between pre-NAC TIL levels and pCR status in the whole population (all: OR = 1.03, CI95% [1.02–1.05], p < 0.001) and in

the TNBC subgroup (luminal: OR = 1.03, CI95% [1–1.09], p = 0.21; TNBC: OR = 1.03; CI95% [1–1.04], p = 0.007; HER2-

positive: OR = 1.02, CI95% [0.99–1.06], p = 0.23).

pCR rates were significantly higher in patients with BRCA-deficient breast cancers (45.7% (21/46) versus 28% (63/221) in

BRCA-proficient, p < 0.035, Figure 2). After the subgroup analysis of BC subtype, this was confirmed only in the luminal

BC subtype (33.3% (5/15), p = 0.006), but not in TNBC and HER2-positive BCs (48.1% (13/27), p = 0.823 and 75% (3/4),

p = 0.291, respectively, Figure 2). The interaction test between BC subtype and BRCA status was nearly significant

(Pinteraction = 0.056). There were no differences in pCR rates by BRCA1 or BRCA2 mutation status in patients with

BRCA-deficient tumors (BRCA1, 42% (13/31) versus BRCA2, 50% (7/14), p = 0.7) but the effective of the subpopulations

were limited.

Figure 2. Barplot of associations between response to treatment and BRCA status in whole population, and by breast

cancer subtype. (A), among the whole population (All (n = 266), BRCA mutation (n = 46), BRCA wild-type (n = 220)). (B),

by BC subtype (Luminal (n = 89), BRCA mutation (n = 15), BRCA wild-type (n = 74); TNBC (n = 110), BRCA mutation (n =

27), BRCA wild-type (n = 83); HER2 (n = 67), BRCA mutation (n = 4), BRCA wild-type (n = 63)).

However, BRCA status was not significantly associated with pCR after multivariate analysis, and only BC subtype (TNBC,

OR = 7.14, CI95% [3.39–16.57], p < 0.001; HER2-positive, OR = 5.64, CI95% [2.5–13.78], p = 0.001), tumor size (T2, OR

= 0.37, CI95% [0.16–0.83], p = 0.017; T3, OR = 0.21, CI95% [0.08–0.55], p = 0.002) and pre-NAC str and IT TILs (OR =

1.03, CI95% [1.02–1.05], p = 0.001 and OR = 1.04, CI95% [1.02–1.07], p = 0.002) were independent predictors of pCR .

2.2. Post-NAC Immune Infiltration by BRCA Status

After NAC, str and IT TILs were available in 192 (72%) and 120 (45%) patients respectively. Post-NAC immune infiltration

(whether intra-tumoral or stromal) was not significantly different between BRCA-deficient and BRCA-proficient carriers

(Figure 3A–3E). However, both str and IT TIL levels were significantly higher in tumors with BRCA pathogenic mutations

when compared with wild-type tumors in luminal BCs (median str TIL levels: 15% vs. 10%, p = 0.009 and median IT TIL

levels: 10% vs. 5%, p = 0.019, respectively, Figure 3).



Figure 3. Associations between post-NAC TILs and BRCA status in whole population, and after stratification by breast

cancer subtype. Bottom and top bars of the boxplots represent the first and third quartiles, respectively, the medium bar is

the median, and whiskers extend to 1.5 times the interquartile range. (A) stromal lymphocytes among the whole

population (All (n = 192), BRCA mutation (n = 36), BRCA wild-type (n = 156)). (B) stromal lymphocytes in each BC

subtype (Luminal (n = 52), BRCA mutation (n = 8), BRCA wild-type (n = 44); TNBC (n = 97), BRCA mutation (n = 24),

BRCA wild-type (n = 73); HER2 (n = 43), BRCA mutation (n = 4), BRCA wild-type (n = 39)). (C) Percentage of tumor

according to post-NAC stromal lymphocytes levels binned by 10% increment in patients with BRCA-deficient (BRCA1 (n =

24), BRCA2 (n = 12)). (D) distribution of post-NAC stromal lymphocytes by gene mutations (histogram plot) in patients

with BRCA-deficient (BRCA1 (n = 24), BRCA2 (n = 12)). (E) intratumoral lymphocytes among the whole population (All (n
= 120), BRCA mutation (n = 20), BRCA wild type (n = 100)). (F) intratumoral lymphocytes in each BC subtype (Luminal (n
= 44), BRCA mutation (n = 7), BRCA wild-type (n = 37); TNBC (n = 50), BRCA mutation (n = 12), BRCA wild-type (n =

38); HER2 (n = 26), BRCA mutation (n = 1), BRCA wild-type (n = 25)). (G) percentage of tumor according to post-NAC

intratumoral lymphocytes levels binned by 10% increment in patients with BRCA-deficient (BRCA1 (n = 13), BRCA2 (n =

7)). (H) distribution of post-NAC intratumoral lymphocytes by gene mutations (histogram plot) in patients with BRCA-

deficient (BRCA1 (n = 13), BRCA2 (n = 7)).

Median pre-NAC str TIL were higher than after NAC (20% vs. 10%, 11.95%), also according to BRCA status and type

(Figure 4). There was no correlation between pre and post NAC str TILs (correlation coefficient of 0.13 and p < 0.06) and

there was a weak, positive, linear relationship between pre and post NAC IT TIL levels (correlation coefficient of 0.31 and

p < 0.001).



Figure 4. Pre-NAC and post-NAC stromal immune infiltration rates in the whole population and by BRCA status. (A–E)

bar plots of str TIL levels before and after NAC in the whole population and in BRCA pathogenic variant. Bottom and top

bars of the boxplots represent the first and third quartiles, respectively, the medium bar is the median, and whiskers

extend to 1.5 times the interquartile range. (All (n = 192); BRCA mutation (n = 36), BRCA wild-type (n = 156); BRCA1 (n =

24), BRCA2 (12)). (F) variation of str TIL levels according to the pre-NAC str TIL levels binned by BRCA status and

response to chemotherapy. Points represent the difference between pre- and post-NAC paired TIL levels values of a given

patient and are colored according to TIL variation category (TIL level decrease: yellow/no change: green/increase: red)

(All (n = 191), BRCA mutation (n = 36), BRCA wild-type (n = 155)). (G–H) waterfall plot representing the variation of TIL

levels according to BRCA-deficient (BRCA1-deficient, BRCA2-deficient); each bar represents one sample, and samples

are ranked by increasing order of TIL level change. Paired samples for which no change was observed have been

removed from the graph. (All (n = 191), BRCA mutation [(n = 36), BRCA1, n = 24; BRCA2 = 12)], BRCA wild-type (n =

155)).

2.3. Survival Analysis

After a median of follow-up of 90.4 months (range from 0.2 to 187 months), 73 patients experienced relapse, and 38 died.

RFS and OS were not significantly different between carriers of a BRCA pathogenic variant and BRCA-proficient patients,

neither were they in screened population nor after the subgroup analysis of BC subtype.
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