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complete pathologic response and prognosis
Nicolás Ramírez-Torres1, Rodolfo Rivas-Ruiz2 and Juan José García-García3

1Department of Gynecologic Oncology, UMAE, Gynecology and Obstetrics Hospital No.  3, Centro Médico Nacional (CMN) La Raza, Instituto 
Mexicano del Seguro Social (IMSS); 2Center of Clinical Research Training, Coordination of Health Research, Centro Médico Nacional Siglo XXI, 
IMSS; 3Department of Public Health, Universidad Nacional Autónoma de México, Ciudad de México, Mexico

ORIGINAL ARTICLE

Abstract

Objective: To examine the pathological complete response (pCR) in the molecular subtypes in patients with locally advanced 
breast cancer after receiving neoadjuvant chemotherapy (NC) with epirubicin and sequential docetaxel (E-D) and examining 
their prognostic relevance. Patients and methods: Retrospective longitudinal study of 126  patients with stage III breast 
cancer. The five molecular subtypes were identified by immunohistochemistry biomarkers. After the NC, surgery was performed 
and radiotherapy was administered. Results: There are differences in response to NC, pCR rate was superior in the patients 
in tumors with HER2 overexpression: HER2+ (41.7%) and luminal B/HER2 (LB/HER2: 38.5%). Luminal A (LA) and triple ne-
gative (TN) subtypes had a similar pCR (29%). The pCR does not appear to be a marker of overall survival (OS) in LB/
HER2- and LB/HER2+ tumors. The LA and TN population had a better 5-year rate in OS (100%, both); it was not observed 
a significant advantage among these tumors (p = 0.148). The patients with residual tumor had the worst prognosis in terms 
of OS, especially the LB/HER2- y B/HER2+ (50% both) and HER2 (25%) tumors. Conclusion: The study confirms that pCR 
was the favorable prognostic factor in OS in three molecular subtypes. There are differences in the pCR between the ER-po-
sitive group versus the ER-negative group, suggesting that the molecular mechanisms of susceptibility to NC vary between 
these two groups.
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Introduction

Neoadjuvant chemotherapy (NC) is the primary op-
tion to treat advanced breast cancer (stage IIB/III). Cu-
rrently, simultaneous or sequential use of anthracycli-
nes plus taxanes is accepted for being more 
efficacious1-5. Complete and partial response rate is 
higher than 70%, and pathologic complete response 
(pCR) is lower (20% to 38%) according to the anthra-
cycline and taxane therapeutic regimen1-5; pCR is as-
sociated with good long-term results for survival2,3,6,8.

Histopathological examination of post-chemotherapy 
tumor response is necessary to assess changes in the 
breast and lymph nodes (LN)9,10, and different classifi-
cation systems can assess treatment response7,8.

Prognostic and predictive factors in patients with 
breast cancer are widely used in prognosis and assess-
ment for adequate treatment9,10. Breast carcinomas ex-
press different genes, and can therefore be classified 
by means of genomic tests, which allows for a better 
classification, more accurate prognosis and more ade-
quate therapy to be defined on an individual basis10-13.

Molecular classification is possible with para-
ffin-embedded material using a more accessible tech-
nology such as immunohistochemistry (IHC) staining 
with a panel of traditional biological markers such as 
estrogen receptor (ER), progesterone receptor (PgR), 
human epidermal growth factor receptor 2 (HER2) and 
Ki-67, which allow defining and discriminating molecu-
lar subtypes7,10-17. IHC analysis is sufficient and repro-
ducible as a substitute of the genomic study.

Hormone receptor (HRe) and HER2 expression can be 
present, defined as positive (+), or absent, defined as 
negative (-) status. The combination of these biomarkers 
constitutes a mixture of biologically heterogeneous tumors 
(HR+/HER2-, HR+/HER2+, HR-/HER2+ and HR-/HER2-), 
with therapeutic and prognostic differences7,10-19.

The luminal B/HER2-negative subtype represents an 
intermediate entity in luminal tumors7,16-19. Luminal car-
cinoma sub-classification can be possible using the 
Ki-67 proliferation index16-19 and the mitotic count19,20.

This report identifies the incidence of pCR, the predictive 
and prognostic value of each molecular subtype in patients 
with locally advanced breast cancer (LABC) who were trea-
ted with sequential epirubicin-docetaxel (E-D)-based NC.

Patients and methods

Patient selection

This retrospective, longitudinal research was carried 
out from January 2009 to December 2015 at No.  3 

Gynecology and Obstetrics Hospital High Specialty 
Unit, La Raza National Medical Center, Mexican Insti-
tute of Social Security.

A total of 126  patients younger than 75  years with 
clinically-diagnosed tumors (cT) at advanced stage 
(cT3-T4a-c and cT2, N1-2) and inflammatory carcinoma 
(cT4d), without evidence of distant metastasis, were 
included.

Eligible patients had their primary tumor assessment 
complemented with imaging methods (mammography 
and/or ultrasound), as well as potentially metastatic 
sites (chest X-ray, bone scan and liver ultrasound). The 
infiltrating carcinoma histologic diagnosis was confir-
med with tissue obtained by means of percutaneous 
core biopsy or open incisional biopsy.

ER, PgR and HER2 biomarkers IHC analysis was 
possible in all cases; in most occasions this was carried 
out prior to NC. ER and PgR were considered positive 
if tumor cells stained in at least 1%. HER2 was regar-
ded as being positive with a score of 3+, and in case 
of ambiguous expression (2+ score), the chromogenic 
in situ hybridization method with positive result was 
used.

An IHC panel was used to identify the biological mar-
kers obtained from the primary tumor in paraffin-embe-
dded tissue sections. Primary monoclonal antibodies 
were used for ER (clone 1D5) and PgR (clone RBT22). 
Polyclonal antibodies were used for HER2 (clone HER-
2), with all markers being of the DAKO brand. IHC stu-
dies of patients with LABC reveal the expression of 
certain proteins, and this can therefore be considered 
to be a reflection of tumor molecular biology and is an 
alternative to expensive genomic studies.

Oncologic treatment

The patients received NC with standard-dose se-
quential E-D. After the completion of at least 6 and up 
to 8 chemotherapy cycles, total mastectomy with axi-
llary dissection was carried out. Details on the chemo-
therapy regimen and the surgical procedure have been 
described in a previous study5. Radiotherapy was re-
commended to all patients with the following clinical 
tumor and/or lymph node (cN) initial diagnosis: cT3, 
cT4, cN2 and cN3.

Patients with ER+ and/or PgR+ by IHC received en-
docrine therapy for 5 years. Patients with HER2+ tumors 
did not receive simultaneous trastuzumab during the 
course of NC. Patients did not receive adjuvant chemo-
therapy regardless of post-chemotherapy pathologic res-
ponse, except for the cases with post-surgery relapse.
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Pathologic response definition

Clinical staging and post-treatment “y” stage criteria 
were obtained from the American Joint Committee on 
Cancer manual, 6th edition21. Post-chemotherapy pCR is 
defined as an absence of invasive malignant cells both in 
the breast and axillary lymph nodes. Post-chemotherapy 
residual carcinoma in situ (ypTis) was only allowed in the 
breast. Patients with tumor foci in the LN were not inclu-
ded as complete response. Our data are based on the 
pCR definition (ypT0/is ypN0) used by several oncologic 
groups: MD Anderson Cancer Center, Austrian Breast 
and Colorectal Study and Neo-Breast International7.

Histology and grade were reassessed. Tumor 
morphological features were assessed by expert 
pathologists from our hospital: histologic type and grade, 
lymphovascular invasion (LVI), pathologic tumor and pa-
thologic lymph node (pN). The IHC study was carried out 
by pathologists of a single external laboratory to ensure 
reproducibility of the ER, PgR and HER2 results.

Molecular subtype definition

The molecular classification established at St. Gallen 
(2011) recommends using five categories. The inclusion of 
the luminal B/HER2- category or class was defined as ER+ 
and PgR+, high Ki-67 index and HER2- carcinoma17.

Owing to the lack of information on Ki-67 and other 
biomarkers (e-cadherin, EGFR, CK5, CK6 and CK14) 
in our study, we used the three basic IHC biomarkers 
(ER, PgR and HER2) associated with the grade (which 
determines cell proliferation) as proposed in the study 
by von Minckwitz7:
–	Luminal A (LA): tumors with positive ER and/or posi-

tive PgR, negative HER2, grade 1 or 2.
–	Luminal B/HER2-negative (LB/HER2-): tumors with 

positive ER and/or positive PgR, negative HER2, 
grade 3.

–	Luminal B/HER2-positive (LB/HER2+): tumors with 
positive ER and/or positive PgR, positive HER2, all 
grades.

–	HER2-positive (HER2+): tumors with negative ER, 
negative PgR, positive HER2, all grades.

–	Triple-negative (TN): tumors with negative ER, nega-
tive PgR, negative HER2, all grades. The TN tumor 
is also known as basal-like phenotype22,23.

Statistical analysis

The primary objective was to assess the usefulness 
of IHC-defined molecular classification as a predictive 

marker of pCR incidence (in the breast and LN) in a 
cohort of patients with LABC who were treated with 
sequential E-D-based NC.

In the second objective, we assessed the prognostic 
impact of the five LABC subtypes on 5-year disea-
se-free survival (DFS) and overall survival (OS) in those 
patients who obtained a pCR or residual tumor after NC.

Clinical and pathologic baseline categorical variables 
were assessed in the study population using the chi-squa-
re test. Small numbers in the categorical variables 
(e.g. subtype, pCR) were analyzed with Fischer’s exact 
test. Initial and final tumor sizes (cm) were assessed as 
continuous variables using the Kruskal Wallis test.

To estimate the magnitude and accuracy of molecular 
subtypes association with clinicopathological characte-
ristics, a logistic regression model was used. The mo-
lecular subtypes were used as outcome variables and 
the types of exposure as explicative variables. The 
results were expressed as the odds ratio (OR) with their 
95% confidence intervals (CI). In the logistic models, in 
order to test for overfitting, the Hosmer-Lemeshow 
goodness of fit test was used, which revealed no evi-
dence of lack of fit.

The Kaplan-Meier24 product limit method was used 
to estimate the survival function (DFS and OS) and 
long-rank tests were carried out to compare the obser-
ved differences in each molecular subtype pCR.

DFS corresponds to the time measured from the date 
of surgery until the date of first relapse (recorded by 
clinical examination and/or imaging methods), second 
malignant neoplasm appearance or death for any cau-
se. The following events were considered in DFS: local 
and regional relapse and distant metastasis. Contrala-
teral breast cancer was regarded as distant relapse.

OS corresponds to the time measured from the date 
of chemotherapy initiation until the date of death for any 
cause or last visit. Since admission, follow-up was ca-
rried out throughout the years in all different subtypes, 
regardless of the proportion of patients. This report 
took five-year percentages as a reference in order to 
facilitate survival rates interpretation.

Cox25 proportional risks method was applied to estima-
te the hazard ratio (HR), with its 95% CI, of those factors 
that potentially could modify survival. Differences in time-
to-event results were compared using log-rank tests.

Cox multivariate models were constructed to assess 
the prognostic impact on the different molecular sub-
types (LA, LB/HER2-, LB/HER2+, HER2, TN) adjusted 
for the main clinicopathological characteristics: age 
(< 50 years vs. > 50 years), clinical stage (IIIA vs. IIIB-C), 
grade (G1-2 vs, G3) and pN (pN0-pN1 vs. pN2-pN3).
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All tests used were bilateral and all p-values < 0.05 
or 95% CIs not containing the 1 value were considered 
to be statistically significant. The database and statis-
tical analyses were carried out using the statistical pro-
gram SPSS, version 15 (SPSS Inc., Chicago, IL).

Results

Population clinical and pathological 
characteristics

One-hundred and twenty-six patients with LABC 
were evaluated (all at stage III). For the entire group, 
median age at diagnosis was 50  years (range: 27 to 
75 years). The largest tumor median diameter prior to 
NC corresponded to the LB/HER2-  (8.5  cm) and LB/
HER2+ (8 cm) subtypes (Fig. 1A). The NC effect on the 
tumor showed better response in the LA and HER2 
subtypes, with final tumor median diameter recorded at 
1.5 cm and 0.2 cm, respectively (Fig. 1B).

Clinical and pathologic data distribution is summari-
zed in table 1. Most cases had stage IIIA (53.2%), gra-
de 2  (61.9%) tumors and clinical lymph node disease 
category cN2 (55.6%); in all subtypes, cN2 lymph node 
was predominant prior to NC at a high percentage (41.2 
to 69.2%). HER2 overexpression was present in 25 ca-
ses (19.8%), and 83  cases (65.9%) expressed ER+ 
disease.

Ductal carcinoma (57.1%) was the dominant histology, 
a smaller group had lobular carcinomas; these were com-
monly found in LA (n = 31) and TN (n = 5). Most common 
cases were LA (n = 51) and TN tumors (n = 31) (Fig. 2).

pCR correlation with molecular subtypes

After sequential E-D was received, the response to 
NC and pCR distribution was assessed in patients with 
LABC in the 5 molecular subtypes. Differences were 
observed in pCR rates for each subtype (p = 0.743) 
(Table 2).

Subtypes with the HER2+ phenotype, regardless of 
HRe status, were associated with the highest pCR rate: 
HER2+ with 41.7% (95% CI: 13.2-70.1) and LB/HER2+ 
with 38.5% (95% CI: 11.5-65.4). The TN and LA sub-
types had a similar pCR rate (29%). The lowest pCR 
rate occurred in LB/HER2-  with 21.1% (95% CI: 2.3-
39.8). Patients with LB/HER2-, LA and TN tumors had 
the highest rates of post-chemotherapy residual tumor 
(78.9%, 70.6% and 71%, respectively) (Table 2a).

We also compared subtype by subtype according to 
the response (pCR vs. no pCR) and found no 

differences at each one of the corresponding compari-
sons. The highest difference, without being significant 
(p = 0.218), was observed between the LB/HER2- and 
HER2+ subtypes (Table 2b).

Molecular subtypes ORs

The subtype  ORs and their interaction with clinical 
and pathological characteristics of patients with advan-
ced-stage carcinomas are shown in table  3. The LA 
subtype was the reference group. LB/HER2-  tumors 
had 30% odds for being associated with older patients 
(> 50 years) and those of younger age (< 50 years) had 
higher odds for being associated with TN and LB/
HER2+ tumors (40% and 20% respectively).

Owing to their high proliferative activity, 4 subtypes 
(LB/HER2-, LBHER2+, HER2+ and TN) were more li-
kely to have ductal histogenesis, which was more evi-
dent in the LB/HER2- and LBHER2+ subtypes, followed 
by TN (OR of 13.1, 8.5 and 8, respectively) (Table 3). 
Patients with LA tumors were more likely to have lobu-
lar histogenesis (Fig. 2).

Table 1. Baseline characteristics

Characteristic n (%) 

Age
< 50 years
> 50 years 

65 (51.6)
61 (48.4)

Clinical tumor (cT)
cT2‑3
cT4

67 (53.2)
59 (46.8)

Clinical lymph node (cN)
cN1
cN2

56 (44.4)
70 (55.6)

Clinical stage (cIII)
cIIIA
cIIIB

67 (53.2)
59 (46.8)

Histologic grade
Grade 2
Grade 3

78 (61.9)
48 (38.1)

ER by IHC
Positive
Negative

83 (65.9)
43 (34.1)

PgR by IHC
Positive
Negative

64 (50.8)
62 (49.2)

HER2 by IHC
Negative
Positive

101 (80.2)
25 (19.8)

ER: estrogen receptor; HER2: human epidermal growth factor receptor; 
PgR: progesterone receptor.
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The odds of being cT4 tumors was particularly expe-
rienced by high-risk tumors: HER2, LB/HER2. and TN 
(OR of 4.2, 3.5 and 2.2, respectively), whereas the LA 
cases were more prone to be smaller in size and grade 2. 
The odds for cN2 lymph node disease were 3.6 and 1.1-
fold higher than for cN1 lymph node disease in patients 
with HER2 and LB/HER2- tumors, respectively.

LB/HER2- and HER2+ tumors were characterized for 
being poorly differentiated (OR of 48 and 10.4, 

respectively) in comparison with the other subtypes. 
The presence of extensive LVI was significantly higher 
only in LB/HER2- tumors (OR: 4.4; p = 0.009), which is 
related to poor tumor differentiation. The ER, PgR and 
HER2 analysis was not determined, since these were 
used to define the subtypes.

Survival by subtype according to pCR

The Kaplan-Meier curves’ analysis revealed that the-
re were significant differences in 5-year DFS in all 
subtypes when patients with pCR were compared with 
those with residual tumor. When compared by subtype, 
prognostic significance for DFS was better in patients 
with pCR with LA (100%; p = 0.021) and TN tumors 
(100%; p = 0.023) than in those with HER2  (80%; 
p = 0.021), LB/HER2+ (67%; p = 0.022) and LB/
HER2- tumors (25%; p = 0.034) (Figs. 3 A-E).

After the Kaplan-Meier curves were assessed with 
regard to 5-year OS, the pCR effect on OS was signifi-
cant only in patients with HER2 tumors (80%; p = 0.048). 
Although the patients with LA and TN tumors showed 
a higher rate in 5-year OS (100% both), statistical diffe-
rences were borderline for LA (p = 0.052) and non-sig-
nificant (p = 0.065) for TN tumors (Figs. 4 A-E).

When pCR was compared between the LA and TN 
populations in terms of OS, no significant advantage was 
observed between these tumors (p = 0.148). Conversely, 
in the pCR group, those who had LB/HER2-  and LB/
HER2+ tumors experienced the worst OS (50% both).
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Table 2. Post‑chemotherapy pathologic response relation with molecular classification

Post‑chemotherapy pathologic response No pCR pCR

Molecular subtype n (%) 95% CI n (%) 95% CI

Luminal A 36 (70.6) 57.8‑83.3  15 (29.4) 16.7‑42.2

Luminal B/HER2‑ 15 (78.9) 60.2‑97.7  4 (21.1) 2.3‑39.8

Luminal B/HER2+  8 (61.5) 34.6‑88.5  5 (38.5) 11.5‑65.4

HER2‑positive  7 (58.3) 29.9‑86.8  5 (41.7) 13.2‑70.1

Triple‑negative 22 (71.0) 54.7‑87.3  9 (29.0) 12.7‑45.3

Molecular subtypes comparison pCR vs. no pCR statistical correlation, p values

Luminal A vs. Luminal B/HER2‑ 0.484

Luminal A vs. Luminal B/HER2+ 0.529

Luminal A vs. HER2+ 0.411

Luminal A vs. triple‑negative 0.970

LB/HER2‑ vs. LB/HER2+  0.282

LB/HER2‑ vs. HER2+ 0.218

LB/HER2‑ vs. triple‑negative  0.532

Luminal B/HER2 + vs. HER2+  0.870

Luminal B/HER2 + vs. triple‑negative  0.540

HER2 + vs. triple‑negative  0.427

pCR: pathologic complete response; LB: luminal B.

Table 3. Odds ratios and clinicopathological characteristics by molecular subtype (n = 126)

Variable LA LB LB/HER2 HER2 TN

Ref. OR* p OR* p OR* p OR* p

Age (years):
< 50 vs. > 50 1 1.3 0.607 0.8 0.756 0.9 0.951 0.6 0.281

Clinical tumor:
T2‑3 vs. T4 1 4.5 0.008 1.6 0.440 5.2 0.016 3.2 0.015

Clinical lymph node:
N1 vs. N2‑3 1 2.1 0.166 1.8 0.344 4.6 0.034 1.8 0.170

Tumor grade:
G2 vs. G3 1 48.0 0.000 1.0 0.927 10.4 0.003 1.5 0.299

Carcinoma:
Lobular vs. ductal 1 13.1 0.001 8.5 0.009 4.6 0.034 8.0 0.000

LV invasion:
No vs. Yes 1 4.4 0.009 1.4 0.592 0.6 0.609 1.1 0.816

*OR adjusted by age, tumor, lymph node, grade, carcinoma and LV invasion.
HER2: human epidermal growth factor receptor 2; LA: luminal A; LB: luminal B/HER2‑negative; LB/HER2: luminal B/HER2‑positive; LV: lymphovascular; OR: odds ratio; 
Ref.: reference; TN: triple‑negative. 

Patients with residual tumor had reduced OS rates in 

all subtypes and the worst prognosis occurred particu-

larly in patients with HER2-overexpressing tumors: LB/

HER2+ (50%) and HER2+ (25%) (Figs. 4 A-E).

Pathologic lymph node status prognostic 
influence

Median number of post-NC positive pN was 0 (range: 
0 to 17). When post-chemotherapy pN status was 
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stratified, the occurrence of negative axillary pN after 
the NC effect was experienced by two subtypes: LA 
(56.8%) and TN (51.6%). The LB/HER2- and LB/HER2+ 
subtypes, in addition to HER2+, had the highest preva-
lence of lymph node residual disease (57.9%, 53.8% 
and 58.3%, respectively) (Table 4a).

pN prognostic influence on OS is different for each 
subtype; patients with negative pN had an increase in 
5-year OS, except in the LB/HER2- cases, where the 
pN0 and pN > 4 groups had similar OS (53% and 50%, 
respectively); the largest OS difference with negative 
pN occurred in the LA and TN cases (100% both) ver-
sus the LB/HER2-  (53.6%) and LB/HER2+ cases 
(66.7%) (Table 4b).

Patients in the pN > 4 stratum (ypN2-3) had the worst 
OS prognosis in all subtypes. Especially, the LB/
HER2+, TN and HER2+ subtypes experienced a redu-
ced 5-year OS rate (0%, 18% and 40%, respectively) 
in comparison with the LA and LB/HER2- cases (50% 
both) (Table 4b).

Molecular subtypes multivariate analysis

The ER, PgR and HER2 variables were not incorpo-
rated in the construction of Cox multivariate models, 

since they define the molecular subtypes. Tumor and 
lymph node size was not included in order to prevent 
collinearity with the stage. Only the stage and pNs were 
independent predictors of poor OS prognosis.

The main independent predictor was residual pN 
(> 4), as it showed the poorest prognosis for all sub-
types. HER2+ and TN tumors had a 3.5 (p = 0.010) and 
3.4-fold (p = 0.012) increase in the mortality risk, with 
HR being as high as in luminal tumors (LA, LB/
HER2- and LB/HER2+), with HR of 3.9 (p = 0.006), 3.7 
(p = 0.008) and 3.9 (p = 0.006), respectively.

The other independent predictor was stage IIIB in all 
subtypes, mortality risk in LB/HER2- and LB/HER+ tu-
mors was similar to that in hormone receptor-negative 
tumors group (HER2 and TN), with HRs of 2.4 to 2.5 vs. 
2.4 to 2.6, respectively (Table 5).

Undifferentiated tumors were predictive of poor prog-
nosis (non-significant differences), mortality risk was 
slightly higher in the hormone receptor-positive group 
(LB/HER2- and LB/HER2+) in comparison with the hor-
mone receptor-negative group (HER2+ and TN), with 
HRs of 2.3 to 2.4 vs. 1.9 to 2.2, respectively (Table 5).

A median follow-up of 50 months was observed for 
the entire cohort (range: 12 to 83 months), with a 6,535 

Figure 3. Molecular subtype-associated DFS differences according to pCR in patients with advanced-stage breast 
cancer: (A) luminal A, (B) luminal B, (C) luminal B/HER2, (D) HER2-positive and (E) triple-negative.
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person-years period. During this period, 51  patients 
(40.4%) had distant relapse and 35 (27.7%) died.

Distant metastasis by molecular subtype, regardless 
of pCR, occurred more frequently in spite of the good 
prognosis in the LA population (27.7%), followed by the 
LB/HER2-  (25.5%) and TN tumors (21.3%); this was 
directly reflected on a higher proportion of deaths 
(22.9%, 25.7% and 25.7%, respectively).

For the entire cohort, the pCR group had distant re-
lapses in 26.3% (10/38) of cases. When cPR was stra-
tified by subtype, the LB/HER2- subtype was at second 
place in relapses in the residual tumor group (24.3%) 
and had the highest percentage (30%) in the pCR 
group. In contrast, patients in the post-chemotherapy 
residual tumor group had a higher percentage (53.4%, 
47/88 cases) of distant relapse, out of which 86% have 

Table 4. Molecular classification relation with pN and corresponding survival

Molecular subtype

Stratum by pN LA LB LB/HER2 HER2 TN Total

n = 51 (%) n = 19 (%) n = 13 (%) n = 12 (%) n = 31 (%) n = 126 (%)

ypN0: 0 29 (56.8) 8 (42.1) 6 (46.2) 5 (41.7) 16 (51.6)  64 (50.8)

ypN1: 1‑3 11 (21.6) 3 (15.8) 3 (23.0) 2 (16.6)  5 (16.1)  24 (19.0)

ypH 2‑3: > 4 11 (21.6) 8 (42.1) 4 (30.8) 5 (41.7) 10 (32.3)  38 (30.2)

5‑year OS

ypN0: 0  100.0 53.6 66.7 80.0 100.0 75

ypN1: 1‑3  72.7 100.0 66.7  0.0  50.0 70

ypH 2‑3: > 4  50.0 50.0  0.0 40.0  18.0 37

HER2: human epidermal growth factor receptor 2; LA: luminal A; LB: luminal B/HER2‑negative; LB/HER2: luminal B/HER2‑positive; OS: overall survival; pN: pathologic lymph 
node; TN: triple‑negative.
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Figure 4. Molecular subtype-associated OS differences according to pCR in patients with advanced-stage breast 
cancer: (A) luminal A, (B) luminal B, (C) luminal B/HER2, (D) HER2-positive and (E) triple-negative.
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Table 5. Clinicopathological characteristics prognostic impact on OS by molecular subtype by means of Cox 
multivariate analysis (n = 126) 

Multivariate analysis LA LB LB/HER2+ HER2 TN

HR* p HR* p HR* p HR* p HR* p

Stage: IIIA vs. IIIB 2.8 0.012 2.4 0.033 2.5 0.032 2.6 0.025 2.4 0.036

pN: pN0 vs. pN > 4 3.9 0.006 3.7 0.008 3.9 0.006 3.5 0.010 3.4 0.012

Grade: G2 vs. G3 1.2 0.677 2.4 0.097 2.3 0.100 1.9 0.199 2.2 0.107

*HR adjusted for age, stage, grade, histology and pN.
D: ductal; HER2: human epidermal growth factor receptor 2; HR: hazard ratio; L: lobular; LA: luminal A; LB: luminal B; LB/HER2+: luminal B/HER2‑positive; OS: overall 
survival; pN: pathologic lymph node; TN: triple‑negative.

died. Of these deaths, 14% occurred in the pCR group, 
where LB/HER2- tumors had the highest mortality rate 
(60%) until the closing date of this registry.

Discussion

The study of biomarkers (ER, PgR and HER2) by IHC 
has no sufficient level of evidence to substitute genomic 
classification. However, one study has demonstrated 
that IHC surrogate biomarkers can be used with a sen-
sitivity of 76% and specificity of 100%23. Subtypes de-
fined by clinicopathological criteria and by IHC are si-
milar, but not identical, to intrinsic subtypes; however, 
they represent a valid approach7,10-19,23,26.

The use of hundreds of intrinsic genes has shown that 
ER and HER2 phenotype-related genes have a stable 
identification, which is why primary molecular subdivi-
sion is based on ER status11,14,16,17,26. LA and LB/
HER2- (or LB) tumors are the main molecular subtypes 
identified among HR+-related genes, and the most sig-
nificant discrimination between these subtypes with ER+ 
is proliferation expression11,14,16,26. The Ki-67 proliferation 
index discriminates the LA from the LB subtype; a tumor 
proliferation alternative assessment such as the grade 
can be used to distinguish between LA and LB (HER2-
)17; both these entities have shown differences in sensi-
tivity to chemotherapy and prognosis7,14,16-19,26,27.

HER2+ and basal-like tumors are the main molecular 
subtypes identified among ER-  in breast cancer11,17,22,27-29. 
In these subtypes, those with high levels of tumor-infiltrating 
lymphocytes are predictors of the response to NC with an 
increase in the pCR rate19,22,27,30, and clinical and pathologic 
complete response depends on the molecular subtype27.

Not every clinical complete response shows a pCR; 
a palpable mass can be only fibrosis or malignant cell 

persistence after NC. Some subtypes are characterized 
for presenting a better response to NC.

The HER2+/HR- phenotype has the highest opportu-
nity to achieve a pCR in comparison with the HER2+/
HR+ phenotype. The rate of pCR has increased with 
the use of NC, particularly in patients with HER2+ tu-
mors who receive monoclonal anti-HER2 targeted the-
rapy simultaneously with NC3,4,7,17,27,31,32. The NeoALT-
TO trial showed a higher pCR rate (51.3%) with dual 
therapy (trastuzumab-lapatinib) in comparison with tras-
tuzumab (29.5%) or lapatinib alone (24.7%)31. Some 
studies have identified other molecular subtypes, such 
as luminal C, and groups that resemble normal breast 
are not as well characterized as the others11-13,29.

Another subtype that also shows a high rate of pCR 
(21.1% to 35.8%)6,26-29,31 is the TN subtype, which in 
spite of being highly sensitive to NC, represents the 
subtype with the poorest prognosis, especially in those 
women with residual tumor. In spite of clinical and pa-
thologic features that make TN resemble basal-like 
subtype, the latter is regarded as a heterogeneous 
carcinoma that can be subdivided into at least 5 or 6 
distinct subgroups with different responses11,22,27,33.

Several trials recommend the use of basal cytokeratines 
(CK5/6) owing to their high expression (50-80%)17,23,28,29, 
as well as vimentin and P-cadherin inclusion, which would 
encompass most TN cases23. pCR-associated genes are 
different between the basal-like and HER2+ subtypes, 
suggesting that the mechanisms of sensitivity to chemo-
therapy can vary between subtypes14,22.

Patients with the LB subtype represent a bigger treat-
ment challenge, since they exhibit higher rates of residual 
tumor after NC. In our cohort, these tumors were more li-
kely to be ductal carcinomas associated with cT4 (OR: 13.1 
and 4.5, respectively). The presence of lobular carcinoma 
in pCR and residual tumor was different (25% vs. 6.7%, 
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respectively; p = 0.386), with the difference not being sig-
nificant (sensitivity: 75%; specificity: 6.6%; PPV: 17.6% and 
NPV: 50%). Owing to the low rate of pCR in this subtype, 
more efficacious therapeutic options are required.

Histologic grade is a predicting factor of the response 
to NC as well8-10. Our data showed that, in patients with 
grade 2 tumors, 34.6% of responders (27/78 showed a 
pCR. Of the latter group, patients with LA (15/27, 55.6%) 
and TN tumors (7/27, 25.9%) were more likely to obtain 
a pCR. In the residual tumor group, grade 3 was present 
in 42% (37/88) of cases.

Patients with ER-  tumors (HER2+ and TN) tend to 
have a higher pCR rate (43 to 58%) after NC7,14-19,27. 
Data from our cohort are consistent with previous data, 
since patients with the ER- phenotype (LA and LB) had 
a lower rate of pCR (21 to 29.4%). A higher pCR rate 
(29 to 41.7%) was observed in the group with the 
ER- (TN and HER2+) phenotype.

After receiving neoadjuvant sequential E-D, the pCR 
rate was different in all 5 molecular subtypes, with those 
with the highest strength of association for obtaining a 
pCR being the HER2+ and LB/HER2+ tumors, in com-
parison with those with the luminal (LA and LB) and TN 
phenotypes. Evidence of the different complete and par-
tial responses in this cohort’s subtypes also suggests that 
sensitivity to chemotherapy varies between subtypes.

In contrast with other studies7,14,19, LA tumors in this 
investigation were associated with a better pCR rate, 
perhaps with a larger number of cases with lobular 
carcinoma (8 of the 12  cases with pCR) and, for this 
study cohort, pCR apparently would not be an OS mar-
ker for the LB/HER2- and LB/HER2+ subtypes.

pCR is correlated with better survival7,8,18,19,22,27,32. 
However, approximately 20% of cases without lymph 
node invasion and up to 60-70% of cases with lymph 
node invasion experience systemic relapse after recei-
ving anthracycline-based chemotherapy34-36. In this 
study, several patients with pCR had a relapse rate of 
26.3% after receiving sequential E-D. Of the pCR group, 
the LA and LBHER2- subtypes had the highest percen-
tage of relapse (30%). The LB/HER2- subtype was one 
of the subtypes with the highest percentage of relapse 
both in patients with residual tumor and in the pCR group.

The main limitations of this study include the retrospective 
nature of the analysis, the limited reproducibility of the tech-
nique and the subjective interpretation, which allows for 
clinical behavior to be identified in primary tumors’ different 
molecular subtypes. In view of these circumstances, this 
study found consistent evidence by observing a significantly 
better DFS rate for all subtypes in those patients who obtai-
ned a pCR in comparison with those with residual tumor.

The strength of this report relies in the fact that it 
studied a cohort of patients with advanced disease 
(stage III), comprised by a heterogeneous popula-
tion (non-Caucasian), and that all patients received a 
standard sequential E-D-based NC dose followed by 
surgery and radiotherapy, all this carried out in a single 
institution. The main hypothesis was that sensitivity to 
NC with sequential E-D is different in pCR for each 
molecular subtype.

Molecular subtypes in LABC have an important pre-
dictive value of the response to NC and a different 
prognostic value for survival7,11,14,16-19. In this cohort, the 
5 molecular subtypes also had differences in OS. Only 
those patients with HER2+ tumors associated with pCR 
obtained significant benefit both in DFS and OS. On the 
other hand, in terms of OS, patients with residual di-
sease in the HER2 group (HER2+, 24%; LB/HER2+, 
50%), followed by the TN group (57%) showed the 
poorest prognosis.

Conclusion

As in other studies, we have used the basic markers 
(ER, PgR and HER2) with the IHC method in order to 
categorize LABC classes or molecular subtypes. There 
are still problems in the application of genomic studies; 
a genomic relationship matrix has limitations due to 
technical difficulty, high cost and the type of molecular 
classification, and several research studies therefore 
consider the IHC determination of the expression of 
several biomarkers of carcinomas as a valid alternative. 
For example, there are dilemmas to reach a consensus 
regarding which IHC markers should be used or what 
subtypes are more susceptible to both methods.

The close relationship of the ER, PgR and HER2 
status, together with tumor grade, allow molecular clas-
sification by IHC to be similar, although not identical, to 
the genic profile. The variability of pCR rate results that 
are related to the molecular subtype warrants the deve-
lopment of clinical trials aimed at standardizing classi-
fication strategies and identifying treatment approaches 
to the management of each LABC molecular subtype, 
especially in those carcinomas with treatment resistan-
ce (e.g.,  the LB/HER2-  tumor population), which might 
reveal new therapeutic targets.
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