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Abstract
Aim: We investigated the pathologic complete response rates (pCR) and survival 
outcomes of early breast cancer patients who underwent neoadjuvant chemo-
therapy (NAC) over 14 years at a French comprehensive cancer center and re-
ported pCR and survival outcomes by tumor subtypes and size.
Methods: From January 2005 to December 2018, 1150 patients receiving NAC 
were identified. Correlations between cT stage, breast tumor response, axillary 
lymph node response, pCR, surgery, and outcomes were assessed. pCR was de-
fined as (ypT0/ypTis) and (ypN0/pN0sn).
Results: A pCR was reached in 31.7% (365/1150) of patients and was strongly 
associated with tumor subtypes, but not with tumor size (pretreatment cT 
category). Luminal-B Her2-negative and triple-negative (TN) subtypes, cN1 
status, older age, and no-pCR had an independent negative prognostic value. 
Overall survival (OS), relapse-free survival (RFS), and metastasis-free survival 
(MFS) were not significantly different for cT0-1 compared to cT2 stages. In 
Cox-model adjusted on in-breast pCR and pN status, ypN1 had a strong nega-
tive impact (OS, RFS, and MFS: HR = 3.153, 4.677, and 6.133, respectively), 
higher than no in-breast pCR (HR = 2.369, 2.252, and 2.323). A negative impact 
of no pCR on OS was observed for cN0 patients and TN tumors (HR = 4.972) 
or HER2-positive tumors (HR = 11.706), as well as in Luminal-B Her2-negative 
tumors on MFS (HR = 2.223) and for Luminal-A on RFS (HR = 4.465) and MFS 
(HR = 4.185).
Conclusion: Achievement of pCR, but not tumor size (pretreatment cT cate-
gory), has an independent prognostic impact on survival. These results suggest 
potential NAC benefits in patients with small tumors (<2 cm), even in absence of 
clinically suspicious lymph nodes. Residual lymph node disease after NAC is the 
most powerful adverse prognostic factor.

https://doi.org/10.1002/cam4.6930
www.wileyonlinelibrary.com/journal/cam4
mailto:
https://orcid.org/0000-0001-6710-8284
http://creativecommons.org/licenses/by/4.0/
mailto:denonnevillea@ipc.unicancer.fr


2 of 13  |      HOUVENAEGHEL et al.

1   |   INTRODUCTION

According to the most recent data of global cancer statis-
tics 2020, breast cancer (BC) has an estimated incidence 
of 2.3 million new cases and has become the most diag-
nosed cancer, while being the fifth most lethal tumor type 
with 685,000 deaths.1 Fortunately, mortality has been 
constantly decreasing during the last 20 years, mostly due 
to early diagnosis and progress in therapeutics, including 
systemic treatment such as cytotoxic chemotherapy.

During the past decades, it has been demonstrated by 
several randomized clinical trials, as well as meta-analyses, 
that chemotherapy in operable BC provides a similar sur-
vival benefit when administered either after or before sur-
gical resection.2–6 In addition, neoadjuvant chemotherapy 
(NAC) increases the rate of breast-conserving surgery. 
Consequently, NAC has become increasingly popular in 
operable BC, when initial breast conservation is deemed to 
be not feasible, but also in smaller tumors, notably in sub-
types in which adjuvant chemotherapy is almost always 
necessary and the probability of response is the highest, 
such as HER2-positive and triple-negative BC (TNBC). 
Moreover, accumulating pieces of evidence demonstrated 
that the achievement of pathological complete response 
(pCR) after NAC represents a strong favorable prognostic 
factor for survival,7–9 which is particularly relevant in the 
latter subtypes. Importantly, recent results from random-
ized trials have shown that patients not reaching pCR may 
benefit from adjuvant postoperative systemic treatments, 
including trastuzumab emtansine in HER2-positive BC,10 
capecitabine in TNBC,11 or olaparib12 in germline BRCA-
mutated BC. Recently, pembrolizumab addition to neoad-
juvant and adjuvant therapy has become a standard for T2 
and/or N-positive TNBC, based on the Keynote 522 study 
results.13,14 Accordingly, the use of NAC in these subtypes 
should rapidly increase and become dominant, even in pa-
tients with relatively low tumor burden.

Most previous studies examining the relationships 
between pCR and outcomes were performed in patient 
populations receiving NAC in the context of large tumors 
in which initial breast-conserving surgery was not recom-
mended. Thus, it is unclear whether similar benefits may 
be found in smaller tumors. In a previous study,15 we have 
shown that the pCR rate after NAC was neither higher nor 
significantly different for tumors <2 cm compared with 
tumors ≥2 cm, especially for HER2+ and TN subtypes for 
which adjuvant therapy can be offered to improve progno-
sis. An evaluation of OS and RFS comparing patients with 

these sizes of tumors and adjusted for other prognostic 
factors was warranted. In the present study, we aimed to 
examine correlations between pCR and survival outcomes 
according to tumor subtypes and tumor size (pretreat-
ment cT category).

2   |   METHODS

2.1  |  Patient selection and study design

We retrospectively analyzed the medical records of 
early BC patients treated at the Institut Paoli-Calmettes 
Comprehensive Cancer Center between January 2005 
and December 2018. The patient data's were identified 
from clinical databases. This study was approved by our 
Clinical Research Department under the reference NAC-
TS-IPC 2021–026; (Clini​calTr​ials.​gov-NCT02869607). 
Patient and tumor characteristics, pathological results, 
periods, and treatments, were collected. The present 
study included 1150 patients, who received NAC as their 
first treatment for non-metastatic disease. NAC included 
a sequential combination of anthracyclines and taxanes. 
Patients with pN1sn without axillary lymph node dissec-
tion (ALND) after NAC (n = 28) and patients without axil-
lary surgery (n = 8) were excluded (Figure S1). All patients 
with HER2-positive disease received a trastuzumab-based 
regimen during NAC and as adjuvant treatment. No pa-
tients received postoperative trastuzumab emtansine or 
capecitabine, which was either not available in this indi-
cation or not recommended at our institution at the time 
of treatment for the considered cohort of patients.

Patients receiving NAC were staged using clinical ex-
amination, ultrasonography, mammography, and breast 
MRI. Search for distant metastases using either a PET-scan 
or a combination of CT scan and bone scan. Pretreatment 
sentinel lymph node biopsy (SLNB) with or without com-
pletion of ALND at the time of surgery or only ALND 
was used to determine lymph node status. SLNB was per-
formed before NAC in patients with cN0 and cT ≤5 cm. 
Detection of SN was based on either combined technique 
or isotopic-only detection during the last years. Three pe-
riods were determined: Period 1 (P1) 2005–2009, period 2 
(P2) 2010–2014, and period 3 (P3) 2015–2018.

The determination of endocrine receptors (ER) and 
HER2 status was done according to French guidelines 
(ER positivity was determined by immunohistochemistry 
[IHC] with a 10% threshold for estrogen receptor and/or 
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progesterone receptor positivity. HER2 status was deter-
mined based on an IHC HER2 score of 3+ and/or HER2 
amplification by in  situ hybridization). Tumor subtypes 
were defined based on tumor grade, ER status, and HER2 
status, resulting in five surrogate molecular subtypes: 
Luminal A-like (ER+/HER2−/Grade 1 or 2), Luminal B-
like HER2-negative (ER+/HER2−/Grade 3), Luminal B-
like HER2-positive (ER+/HER2+), HER2-positive (ER−/
HER2+), and TN (ER−/HER2-).16 We examined the as-
sociation of various criteria with different time periods. 
Specifically, we assessed the association of cT0–1 stage 
(cT0 tumors being clinically non-palpable lesions that 
may correspond to ultrasound sizes of usT1 or usT2) or 
cT2-3-4, ypT0-is or ypT ≥1, pCR or no pCR, and breast 
conservative surgery or mastectomy. We conducted both 
univariate and multivariate analyses using binary logistic 
regression to determine significant criteria identified in 
the univariate analysis. For the assessment of breast pCR, 
patients with residual components of ductal carcinoma 
in situ were considered to have achieved pCR according to 
the National Surgical Adjuvant Breast and Bowel Project 
criteria.17 Patients with residual lymph node tumor in 
the axillary region (ypN1) were considered not to have 
achieved pCR. pCR was defined as ypT0 or ypTis with 
ypN0 or pN0sn. Overall survival (OS), recurrence-free 
survival (RFS), and metastasis-free survival (MFS) were 
defined as the time interval from the date of diagnosis to 
death or last follow-up, to recurrence or last follow-up, and 
distant recurrence or last follow-up, respectively. Patients 
lost to follow-up were considered as alive as of the date of 
the last contact.

2.2  |  Statistics

The associations between categorical values were evalu-
ated via chi-squared tests. We calculated survival functions 
using the Kaplan–Meier method and assessed differences 
using the log-rank test. For the multivariate survival anal-
yses, we employed the Cox proportional-hazard regression 
model and adjusted for significant variables identified in 
the univariate analysis. We determined hazard ratio (HR), 
confident interval 95% (CI 95%), and p-value. Statistical 
significance was set as p ≤ 0.05. Analyses were performed 
with SPSS-16.0 (SPSS-Inc., Chicago-Illinois, USA).

3   |   RESULTS

3.1  |  Patient characteristics

The median age of all patients (n = 1150) was 50 years old 
(CI 95% 49.7–51.1). Characteristics of patients according 

to cT stage are reported in Table S1. Most of the patients 
had cT2 (57.4%) or cT3 (24.9%) stage and more than half 
had cN1 disease (55.7%). Forty patients had non clini-
cally palpable tumors (cT0), including 16 cT0 cN0, 21 
cT0 cN1, and 3 cT0 cN2 cases. Complete mastectomy 
was performed in 57.3% of cases and most patients had 
ALND (86.2%). The vast majority of patients with nega-
tive pretreatment SNL biopsy had no ALND (156 out of 
161). Almost 60% of patients had HER2-positive (29.5%) 
or TN (28.9%) disease. The distribution of cT stages was 
significantly different according to cN stage, breast sur-
gery, axillary surgery, pathological axillary nodal status, 
and periods. Axillary surgeries for all patients and cN0 pa-
tients only are reported in Table S2. Among patients with 
lymph node involvement, 62.6% had one to three positive 
lymph nodes, and 37.4% had more than three. All factors 
analyzed (periods, tumor subtypes, cN stage, cT stage, and 
breast surgery) were significantly associated with axillary 
surgery. Thus, the use of SLNB-only increased with time 
(from 1.1% during P1 to 21.2% during P3), while ALND 
with or without previous SLNB was more common in 
larger or cN+ tumors. It was also predominant in Luminal 
subtypes, while exclusive SLNB was more frequent in TN 
subtypes. Similar results were found in patients with cN0 
stage.

3.2  |  Pathologic response

Among all patients, pCR rate was 31.7% (365/1150) 
with significantly different rates according to tumor 
subtypes: 7.1%, 9.6%, 21.9%, 23.0%, and 38.1% for 
Luminal A, Luminal B-like HER2-negative, Luminal 
B-like HER2-positive, HER2-positive, and TN tumors, 
respectively, and with significant rates according to cN 
stages (35.9% and 28.7% for cN0 and cN1, respectively) 
(Table 1). Other factors (cT stages and periods) had no 
significant impact on pCR. For Luminal A tumors, pCR 
rates were 3.3% and 9.3% for Grade 1 and Grade 2 tu-
mors, respectively, but the difference was not signifi-
cant (p = 0.189).

Examining pCR rates in each subtype for both cN0 and 
cN1 stages revealed that there was no significant differ-
ence in pCR according to cT stage. (Table S3).

Among 377 patients with in-breast pCR and axillary 
surgery after NAC, 23.1% (87/377) had residual nodal bur-
den: 50.0%, 31.1%, 16.9%, 12.3%, and 20.8% for Luminal 
A, Luminal B-like HER2-negative, Luminal B-like 
HER2-positive, HER2-positive, and TN tumors, respec-
tively (p < 0.0001) (Table  S4). Among 612 patients with 
no in-breast pCR and axillary surgery after NAC, 37.1% 
(227/612) had no residual nodal burden: 28.5%, 35.35%, 
49.4%, 40.4%, and 45.8% for Luminal A, Luminal B-like 
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HER2-negative, Luminal B-like HER2-positive, Her2-
positive, and TN tumors, respectively (Table S4).

3.3  |  Survival outcomes in the 
overall population

Median follow-up was 66.27 months (mean: 70.08, CI 95% 
67.88–72.28, range 4.38–197.5). OS, RFS, and MFS rates 
with the number of patients at risk and the number of 
events are reported in Table  S5. During the follow-up, 
there were 196 deaths (179 from BC evolution, 13 from 
other cancers, and 4 from other causes), 263 metastasis, 
44 local recurrences (3.5%: 17/491 after BCS and 4.1%: 
27/659 after mastectomy), and 37 nodal recurrences. The 
site of the first metastatic relapse was: 72 multiple locali-
zations, 52 bone metastasis, 37 liver metastasis, 33 cere-
bral metastasis, 24 pulmonary metastasis, 20 distant nodal 

metastasis, 13 skin metastasis, 9 peritoneal metastasis, 
and 3 others (localization unknown).

By univariate analysis, all factors tested, including age, 
cT, and cN stages, pathologic nodal status, and pCR, ex-
cept periods of treatment, were significantly associated 
with OS, RFS, and MFS (Table S6).

By multivariate analysis (Table 2), OS, RFS, and MFS 
were not significantly different for Stage cT0-1 in compar-
ison with cT2 stage. A negative prognostic impact was sig-
nificant for stages cT3 and cT4 in comparison with cT0-1 
stage, for OS (HR: 2.069 and 2.434, respectively), RFS 
(HR: 1.677 and 2.105), and MFS (HR: 1.884 and 2.041). 
No difference was also observed when size was analyzed 
as a continuous variable (data available for 1009 patients). 
Luminal B-like HER2-negative tumors, TN tumors, cN1 
status, age, and no pCR (Figure 1) retained a significant 
independent adverse prognostic impact on OS, RFS, and 
MFS.

pCR No pCR Chi-squared test

Nb % Nb % p-value

All patients 365 31.7 785 68.3

Period

P1 93 25.5 183 23.3 0.486

P2 147 40.3 345 43.9

P3 125 34.2 257 32.7

T subtypes

Luminal A 26 7.1 293 37.3 <0.0001

Luminal B-like 
HER2-negative

35 9.6 122 15.5

Luminal B-like 
HER2-positive

80 21.9 113 14.4

HER2-positive 84 23.0 62 7.9

Triple Negative 139 38.1 193 24.6

Luminal HER2-
negative Grade?

1 0.3 2 0.3

cT stage

cT0-1 37 10.1 95 12.1 0.141

cT2 226 61.9 434 55.3

cT3 78 21.4 208 26.5

cT4 24 6.6 48 6.1

cN stage

cN0 175 47.9 313 39.9 0.036

cN1 184 50.4 457 58.2

cNx 6 1.6 15 1.9

Luminal A Grade 1 2 7.7 58 19.8 0.189

Luminal A Grade 2 24 92.3 235 80.2

Abbreviations: cT, clinical tumor size stage; cN, clinical lymph node status; pCR, pathologic complete 
response.

T A B L E  1   pCR rates according to 
tumor subtypes, cT stages, cN stages, 
periods and grade for Luminal A tumors.
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In a Cox model adjusted on in-breast pCR and pN status, 
ypN1 status had a strong negative impact on survival (OS, 
RFS, and MFS: HR: 3.153, 4.677, and 6.133, respectively), 
higher than no in-breast pCR (HR: 2.369, 2.252, and 2.323 
for OS, RFS, and MFS, respectively). A negative prognosis 
impact was observed on MFS for ypN0 status (HR: 3.105 
for MFS and 2.434 for RFS) in comparison with pN0sn sta-
tus: 52.77% of ypN0 patients were cN1 stage. To note that 
when introducing periods in the co-variables to assess if 
the variation in management of the axilla over time might 
be confounding, consistent results were observed.

3.4  |  Survival outcomes in sub-groups of 
interest (Table 3)

In patients with in-breast pCR (n = 452), there was no 
significant difference in OS, RFS, and MFS between 
ypT0 and ypTis status after NAC in Cox regression 
analysis adjusted on cT stage, age, cN stage, and tumor 
subtypes.

In cN0 TN tumors (n = 156), a significant negative 
prognostic impact was observed for patients without pCR 
on OS, RFS, and MFS (HR: 4.972, 4.717, and 4.673, respec-
tively). Age >50 years old was also associated with a sig-
nificant negative prognosis impact for OS and RFS (HR: 
5.298 and 4.228, respectively). No significant impact of cT 
stage (cT2, cT3, cT4) was observed in comparison to cT0–1 
stage, except for patients with cT2 stage who had a better 
OS outcome (HR: 0.295) (Figure 2A).

In cN0 HER2-positive tumors, either ER-positive or 
ER-negative (n = 136), a significant negative prognostic 
impact was observed for patients without pCR on OS (HR: 
11.706). No other factors were significantly associated 
with survival outcome, particularly cT stage (cT2, cT3, 
and cT4) in comparison with cT0–1 stage (Figure 2B).

In Luminal B-like HER2-negative tumors, cN0 and 
cN1 (n = 157), a significant negative prognostic impact 
was observed for patients with cT2 tumors on RFS (HR: 
4.764) and MFS (HR: 4.318) in comparison with cT0–1 tu-
mors, and for cT4 tumors on OS (HR: 13.392). Other fac-
tors significantly associated with survival outcomes were 
age >74 years old for OS (HR: 8.512) and no pCR for MFS 
(HR: 2.223) and RFS (HR: 2.057), with borderline signifi-
cance (p = 0.072 and p = 0.084, respectively).

In Luminal A-like, cN0, and cN1 tumors (n = 319), a 
significant negative prognostic impact was observed for 
patients without pCR on RFS (HR: 4.465) and MFS (HR: 
4.185) and for patients with cN1 status on OS (HR: 1.811) 
with borderline significance (p = 0.074). Of note, pretreat-
ment cT category did not have any impact on any survival 
outcome. A negative prognostic impact with borderline 
significance on OS was suggested for Grade 2 tumors in 
comparison with Grade 1 tumors (HR: 2.341, p = 0.059).

4   |   DISCUSSION

In this monocentric retrospective study, we found that 
pCR rates were strongly associated with tumor subtypes, 
without significant differences according to cT stages, 
particularly between cT0-1 and cT2. For patients with in-
breast pCR and axillary surgery after NAC, there was a 
significant association between ypN1 and tumor subtypes. 
An independent negative prognostic impact was observed 
for cT3 and cT4 stages in comparison with cT0-1 stage, 
for OS, RFS, and MFS, but without a significant difference 
between cT0-1 and cT2 stages. In a Cox model adjusted 
on in-breast pCR and pN status, ypN1 status had a strong 
negative impact on OS, RFS, and MFS, which was greater 
than no in-breast pCR. Looking separately at tumor sub-
types, no negative prognostic impact on survival was 

F I G U R E  1   (A) Overall survival (OS), (B) recurrence free survival (RFS), and (C) metastases free survival (MFS) according to pCR in 
multivariate analysis. HR, Hazard ratio; pCR, pathologic complete response.
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reported for cT2 in comparison with cT0-1 stage, except 
for Luminal B Her2-negative subtypes. In contrast, the 
absence of pCR was associated with an adverse survival 
outcome (either OS, RFS or MFS, or both), and it was ob-
served in all tumor subtypes.

Our results are in line with previous evidence show-
ing a strong association between pCR rates and tumor 
subtypes: pCR was higher in HER2-positive and TN sub-
types, and lower in Luminal subtypes. However, a more 
counterintuitive result of the present study was the lack 
of a significant association between clinical tumor size 
(pretreatment cT category) and pCR rates. Data from ex-
isting literature on this point are relatively controversial. 
Von Minckwitz et al. reported the German experience on 
6377 patients included in seven randomized trials evalu-
ating NAC and found pCR rates (i.e., ypT0/is N0) of 25, 
21.9, 14.2, 13.5, and 15.6% in cT1, cT2, cT3, cT4a–c, and 
cTl4d.16 While the difference between cT1 and cT2 was 
not significant, the pCR rates for T3 and T4 were lower. 
Similarly, in the meta-analysis from Cortazar et  al. in-
cluding 11,955 patients, the pCR rates were comparable 
between cT1 and cT2 (18.3% vs. 19.9%) but seemed to be 
lower for cT3, T4a–c, and T4d (13.0%, 14.5%, and 16.0% 
respectively).7 In addition, examining 2366 patients from 
the Netherlands Cancer Registry receiving NAC, Goorts18 
found pCR rates of 31, 22, 18, and 17% in cT1, cT2, cT3, 
and cT4, respectively. They concluded that the clinical T 
stage was the most important predictor of pCR. In the US 
prospective Neoadjuvant Breast Symphony Trial study en-
rolling 608 evaluable patients, the probability of pCR was 
decreased when tumor size was more than 5 cm, particu-
larly in the Basal and HER2 subtypes. Yet, there was no 
statistically significant impact of pretreatment cT category 
on pCR rates by multivariate analysis in any subtype.19 In 
addition, in a monocentric retrospective US study includ-
ing 366 patients with stage II and III disease treated with 
NAC, the association of lower clinical stage and probabil-
ity of pCR had only borderline significance.20 Finally, in 
two additional studies focusing on TN tumors, there was 
no statistically significant impact of clinical stage on the 
probability of achieving pCR.21,22 Thus, the present results 
confirm other data indicating that the probability of pCR 
may be more correlated with tumor biology than tumor 
size, at least in small-or moderate-sized tumors.

Regarding survival outcomes, they were also tightly 
associated with tumor subtypes, being inferior in 
Luminal B HER2-negative and TN tumors compared 
with Luminal A tumors. Of note, there was no signifi-
cant impact of HER2-positive subtypes on survival, all 
these patients were treated with neoadjuvant and ad-
juvant trastuzumab, even though none received tras-
tuzumab emtansine. Importantly, the absence of pCR 
was an independent predictor of survival observed in 
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all subtypes, including Luminal A, the most chemo-
resistant subtype. These results are in contrast with 
those from the previously cited German meta-analysis, 
in which there was no difference at all according to pCR 
status after NAC for Luminal A subtypes. Again, in the 
meta-analysis from Cortazar et  al.,7 the difference was 
also non-significant between pCR and no-pCR status 
after NAC in hormone receptor-positive/HER2-negative 
tumors with Grades 1–2, even though the hazard ratio 
was numerically favorable to patients reaching pCR 
(HR 0.63, 95% CI 0,38–1,04). The reasons for such a dis-
cordance are unclear, the definition of subtypes being 
similar in the present study and these previous analyses. 
Another intriguing result was that, even though clinical 
stage (i.e., cT3 and cT4, or cN1) was independently as-
sociated with worse survival, there was no statistically 
significant difference in survival between cT0–1 and cT2 
stages, notably in HER2-positive and TN subtypes, but 
also in Luminal A subtype. The only exception was in 
Luminal B-like HER2-negative tumors, in which sur-
vival was significantly lower in cT2 versus cT0–1. It 
may suggest that in this latter subtype, and oppositely to 
endocrine-sensitive Luminal A tumors, mechanisms of 
resistance to endocrine therapy may be favored in larger 
tumors ultimately leading to decrease survival, inde-
pendently of chemo-sensitivity.

For a long time, NAC has essentially aimed to de-
crease mastectomy rate for patients with locally ad-
vanced and large BCs.23 In the case of patients with 
HER2-positive and TN tumors, the determination of 
whether they achieve pCR can help guide the selection 
of postoperative treatments, resulting in a significant 

reduction in the risk of recurrence. This has been rein-
forced by the generalization of trastuzumab emtansine 
for HER2-positive tumors and capecitabine for TN tu-
mors in the adjuvant setting in case of absence of pCR. 
As a result, recent guidelines suggest that NAC should 
be recommended for TN and HER2-positive BC larger 
than 2 cm in size.24 Our results showing that pCR and 
survival rates correlated with intrinsic tumor features 
and clinical lymph node status rather than clinical pre-
treatment tumor size may support even broader use of 
NAC in these subtypes, including cT1 and sometimes 
cT1b with cN1 or pN1sn when SLNB is performed be-
fore NAC. Like others,25 we reported a strong negative 
survival impact of residual nodal tumor burden (ypN1), 
and completion of ALND is recommended for SLN 
micro and macro metastases after NAC.26 Moreover, for 
cN1 patients, the highest axillary pCR rate was reported 
for ER-negative/Her2-positive tumor subtype, but with-
out major differences in axillary pCR rates per tumor 
subtype.27

Despite the inclusion of a substantial number of 
early BC patients who underwent NAC over a span of 
14 years, our study has several limitations that need to 
be acknowledged. These limitations primarily stem from 
the retrospective nature of the study, including the pos-
sibility of selection bias and the absence of standardized 
treatment protocols. A centralized pathology review 
was not conducted for all cases. It is important to note 
that, while the definition of Luminal subtypes consid-
ered tumor grade, it did not incorporate the assessment 
of KI67. Additionally, no patients included in this study 
received adjuvant postoperative systemic treatments, 

F I G U R E  2   Overall survival according to cT stage in multivariate analysis for patients with cN0 triple negative (A) and Her2-positive 
tumors (B).
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such as trastuzumab emtansine in HER2-positive BC, 
capecitabine in TNBC, or olaparib in germline BRCA-
mutated TNBC. No perioperative pembrolizumab was 
administrated at the time of the study for T2 and/or N+ 
patients.

5   |   CONCLUSION

There were no notable differences or significant variations 
in the pCR rate and survival outcomes after NAC between 
tumors smaller than 2 cm and tumors 2 cm or larger. This 
observation particularly applies to HER2-positive and TN 
subtypes, for which adjuvant therapy can be provided to 
enhance prognosis. The pCR rate and survival outcomes 
seem to be associated more closely with intrinsic tumor 
characteristics and the clinical status of lymph nodes, 
rather than pretreatment cT category. These findings sug-
gest that offering NAC to patients with these tumor sub-
types, even in the absence of clinically suspicious lymph 
nodes (cN0) when the tumor is smaller than 2 cm, may 
potentially yield benefits.
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