OncoTargets and Therapy downloaded from https://www.dovepress.com/

For personal use only.

OncoTargets and Therapy

3

Dove

ORIGINAL RESEARCH

Evaluation of the pathological response and
prognosis following neoadjuvant chemotherapy
in molecular subtypes of breast cancer

Yue Zhao!
Xiaoqiu Dong?
Rongguo Li'
Xiao Ma'

Jian Song'

Yingjie Li?
Dongwei Zhang'

'Department of General Surgery,

Second Affiliated Hospital of Harbin

Medical University, 2Department of
Ultrasonography, Fourth Affiliated

Hospital of Harbin Medical University,

*Department of Pathology, Second

Affiliated Hospital of Harbin Medical
University, Harbin, People’s Republic

of China

Correspondence: Dongwei Zhang
Department of General Surgery,
Second Affiliated Hospital of Harbin
Medical University, 246 Xuefu Road,
Nangang District, Harbin 150086,
People’s Republic of China

Tel +86 135 0484 5465

Email mugong0@ 163.com

This article was published in the following Dove Press journal:
OncoTargets and Therapy

19 June 2015
Number of times this article has been viewed

Background: The pathological complete response of neoadjuvant chemotherapy for breast
cancer correlates with the prognosis for survival. Tumors may have different prognoses accord-
ing to their molecular subtypes. This study was performed to evaluate the relevance of the
pathological response and prognosis following neoadjuvant chemotherapy in the molecular
subtypes of breast cancer.

Methods: A consecutive series of 88 patients with operable breast cancer treated with neoad-
juvant chemotherapy was analyzed. Patients were classified into four molecular subtypes based
on the immunohistochemistry profile of the estrogen receptor, progesterone receptor, HER2,
and Ki-67. The histological response was assessed according to Miller-Payne grading (MPG)
and Residual Disease in Breast and Nodes (RDBN).

Results: Ten patients (11.4%) achieved a pathological complete response, assessed according
to RDBN. The pathological complete response rate was 13.6% according to MPG. Patients
with the triple-negative subtype were more likely to achieve a pathological complete response
than those with luminal A breast cancer (P=0.03). MPG and RDBN are independent predictors
of distant disease-free survival and local recurrence-free survival, but do not predict overall
survival. Ki-67, size of invasive carcinoma, lymph nodes, molecular subtypes, MPG, and
RDBN are important predictors of distant disease-free survival, local recurrence-free survival,
and overall survival.

Conclusion: MPG and RDBN were similarly related to the patient’s prognosis. MPG was
more suitable for evaluation of distant disease-free survival, and RDBN was more suitable for
evaluation of local recurrence-free survival. Survival following neoadjuvant chemotherapy cor-
related with the pathological reaction rather than the molecular subtype of breast cancer. The
molecular subtype of breast cancer was not correlated with pathological response in patients
who did not achieve a pathological complete response.

Keywords: neoadjuvant chemotherapy, breast cancer, molecular subtypes, pathological
response, prognosis

Introduction

Neoadjuvant chemotherapy (NACT) is often used to treat patients with locally
advanced breast cancer, large tumor but operable breast cancer, or proven lymph
node metastasis. The advantage of NACT is that it can downstage tumor size and
increase the rate of breast-conserving surgery as well as provide information on the
drug response through assessment of the changes of tumor size.! The pathological
complete response has consistently been associated with good long-term outcomes, but
is achieved in only 10%—-20% of cases. Patients who achieve a pathological complete
response have a better prognosis than those who do not.? Higher rates of pathological
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complete response can be achieved when selecting for certain
breast cancer subtypes and treatment regimens.’

Breast cancer is a heterogeneous disease that can be
divided into different subtypes by immunohistochemical
marker expression or gene expression array data. A new
surrogate intrinsic subtype was proposed at the St Gallen
meeting to separate luminal A, luminal B (HER2—/HER2+),
HER2-enriched, and triple-negative disease.* Similarly,
tumors may have different prognoses based on their molecu-
lar subtypes. The luminal A subtype has a better prognosis
than the other subtypes, and the triple-negative subgroup has
the worst prognosis.>® On the other hand, the triple-negative
subtype is more sensitive to chemotherapy than luminal A
and B breast cancer.””

Several histopathological classifications are available to
categorize the tumor response to NACT. We chose the Miller-
Payne grading (MPG) and Residual Disease in Breast and
Nodes (RDBN) systems to assess the pathological response
of NACT. MPG provides a five-step scale based on tumor
cellularity in the excision/mastectomy specimen compared
with the pretreatment core biopsy as follows: grade 1, no
reduction in overall cellularity; grade 2, minor (<30%) loss
of cellularity; grade 3, estimated 30%—90% reduction in
tumor cells; grade 4, >90% loss of tumor cells; and grade 5,
no invasive carcinoma (IC); ductal carcinoma in situ may
be present.!® RDBN uses the following formula: level 1,
pathological complete response in breast and nodes, without
or with carcinoma in situ, and levels 2—4, residual disease
in three different amounts, calculated as 0.2 (residual breast
tumor size in cm) + the index for the involved nodes (0 for
no positive nodes, 1 for 1-4 nodes, 2 for 5-7 nodes, 3 for =8
nodes) + the Scarff-Bloom-Richardson grade (1, 2, or 3),
which takes into account tumor size, lymph node stage, and
histological grade to determine response.'' "

In this study, we evaluated the pathological response
and prognosis following NACT in the molecular subtypes
of breast cancer.

Materials and methods

Patients

The institutional review board of Harbin Medical University
approved the study. We evaluated 97 patients who were
initially diagnosed between 2007 and 2013 by core needle
biopsy and treated with NACT followed by surgical resection
at the Second Affiliated Hospital, Harbin Medical University.
The pathological results showed that 88 patients had invasive
ductal carcinoma, eight had invasive lobular carcinoma, and
one had squamous cell carcinoma. Because invasive lobular

carcinoma and squamous cell carcinoma cannot be evaluated
with the RDBN system when assessing the pathological
response to NACT, 13 patients were excluded. Therefore,
a total of 88 patients were included in this analysis. At our
institution, patients with invasive breast cancer >3 cm and/
or axillary lymph nodes are typically eligible for treatment
with an NACT protocol. All cases were assessed by two
pathologists, and some patients without MPG were retested
by two pathologists. None of the patients included in this
study had metastatic disease pre-NACT. Tumor size and
lymph nodes were assessed using the Seventh Edition of
the American Joint Committee on Cancer staging manual
pre-NACT and post-NACT."

Chemotherapy regimens and surgical

treatment

The NACT regimens comprised docetaxel, epirubicin, and
cyclophosphamide (TEC; T 75 mg/m? intravenously on day 1,
E 50 mg/m? intravenously on day 1, and C 500 mg/m?
intravenously on day 1, repeated every 21 days); docetaxel,
carboplatin, and trastuzumab/docetaxel plus trastuzumab
(TCH, T 75 mg/m? intravenously on day 1, C 300/m?
intravenously on day 2, H 6 mg/kg intravenously on day 2,
repeated every 21 days/TH; T 75 mg/m? intravenously on
day 1, H 6 mg/kg intravenously on day 1, repeated every
21 days); and docetaxel plus cyclophosphamide (TC; T
75 mg/m? intravenously on day 1, C 600 mg/m? intravenously
on day 1, repeated every 21 days). All patients underwent
four to six cycles of NACT; five patients received TCH/
TH, three patients received TC, and 80 received TEC che-
motherapy regimens.

The clinical size of the primary breast cancers and
axillary nodes, if the latter were palpable, was separately
determined before administration of each cycle of NACT
as well as before surgery. At each assessment, the product
of the two greatest perpendicular diameters of the tumors in
the breast and axilla was measured. Assessment of response
was determined by clinical examination combined with ultra-
sonography. Following the NACT regimen, the response was
assessed both clinically and by repeating relevant imaging.
Patients with minimal or no response after two to three cycles
were considered for alternative chemotherapy regimens.
After the last cycle, patients were scheduled to undergo
breast conservation surgery/mastectomy with axillary lymph
node dissection according to patient preference, which was
guided by clinical response. Patients with luminal A and B
tumors underwent endocrine therapy, and positive axillary
lymph nodes following NACT were treated with radiation
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therapy. Radiotherapy was postoperatively administered to
patients according to standard unit protocols, and none of
the patients received preoperative radiotherapy.

Immunohistochemistry and molecular
subtypes

An immunohistochemical assay was used to test for expres-
sion of the estrogen receptor (ER), progesterone receptor
(PR), HER2, and Ki-67. Immunohistochemistry was per-
formed for ER (clone 1D5), PR (PgR636), HER2, and Ki-67
(clone MIB-1), all of which were from Dako (Glostrup,
Denmark), as a routine diagnostic procedure. The cut-off
values for ER and PR positivity were defined as =1% tumor
cells with nuclear staining. Immunohistochemical staining for
HER2 was scored according to standard criteria as 0, 1+, 2+,
or 3+.1 Scores of 0 and 1+ were considered negative, and 3+
was considered to be HER2-positive. When a score of 2+ was
found, additional fluorescent in situ hybridization testing was
performed to establish the HER2 gene amplification status.
A positive result was defined as an HER?2 gene/chromo-
some 17 ratio of =2.0. A positive Ki-67 finding was defined
as =14%, and a negative finding was defined as <<14%.'° The
subtype was proposed to separate the luminal A (ER+/PR+,
HER2—,Ki-67 <14%), luminal BJHER2— (ER+/PR+, HER2—,
Ki-67 =14%), luminal B/HER2+ (ER+/PR+, HER2+),
HER2-enriched (ER—, PR—, HER2+) and triple-negative
(ER—, PR—, HER2-) subtypes.

Statistical analysis

Distant disease-free survival was defined as the time interval
between surgery and first documented distant relapse, death,
or last follow-up. Local recurrence-free survival was defined
as the time interval between surgery and first documented
local recurrence, death, or last follow-up. Overall survival
was defined as time between surgery and death or last
follow-up, whichever occurred first. Statistical analyses were
performed using SAS version 9.2 software (SAS Institute,
Cary, NC, USA) and GraphPad Prism version 5 (GraphPad
Software Inc, La Jolla, CA, USA) was used for drawing the
survival rates. The survival rates were estimated using the
Kaplan—Meier product limit method. Differences between
the survival curves were tested using the log rank test. The
interrelated distant disease-free survival, local recurrence-
free survival, and overall survival predictors were analyzed
by Cox proportional hazards regression with adjustment for
age by univariate and multiple regression models. Multiple
Cox proportional hazard models were used to obtain the
hazard ratios (HRs). Fisher’s Exact test was used to assess

the relationship between the different subtype groupings and
pathological complete response rate. P<<0.05 was considered
to be statistically significant.

Results
Patient characteristics, clinicopathological

factors, and outcomes

We report data from 88 patients who underwent NACT. The
clinical and pathological characteristics of the study popula-
tion are summarized in Table 1. All tumors were invasive
ductal carcinomas without distant metastasis. The average
age of the patients was 44 years. The median follow-up time
was 43 months. There were seven deaths, 18 distant metasta-
ses, and 17 local recurrences. In univariate analysis, lymph
nodes pre-NACT were associated with distant disease-free
survival (P=0.04); size of IC post-NACT (P=0.05) and lymph
nodes pre-NACT (P=0.03) and post-NACT (P=0.03) were
associated with local recurrence-free survival; and size of IC
pre-NACT (P=0.03) and post-NACT (P=0.03) was associ-
ated with overall survival.

Pathological response and molecular

subtype predicting survival

MPG and RDBN classifications were used to evaluate the
relevance between the pathological response and prognosis
(distant disease-free survival, local recurrence-free survival,
and overall survival) following NACT. In our cohort, both
the MPG and RDBN systems predicted distant disease-free
and local recurrence-free survival without predicting over-
all survival (Table 2, Figures 1 and 2). The MPG system
was associated with distant disease-free survival (P=0.04;
HR 0.623, 95% confidence interval [CI] 0.397-0.997) and
local recurrence-free survival (P=0.02; HR 0.579, 95% CI
0.36—0.93). The RDBN system was also associated with
distant disease-free survival (P=0.03; HR 2.033, 95% CI
1.058-3.909) and local recurrence-free survival (P=0.02;
HR 2.342,95% CI 1.14-4.81). Neither the MPG nor RDBN
was associated with overall survival in our cohort (P=0.98
and P=0.70, respectively). In our study, we compared the
molecular subtype correlation with survival (Table 3 and
Figure 3), and all P-values were >0.05. Therefore, molecular
subtype did not correlate with distant disease-free survival,
local recurrence-free survival, or overall survival.

Correlation between pathological

response and molecular subtype
Tables 4 and 5 show the pathological complete response
rates for each molecular subtype to determine who is more
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or less likely to achieve a pathological complete response
after NACT. Absence of invasive tumor cells in the breast
post-NACT was considered to be a pathological complete
response, and was grade 5 using the MPG system. Of the
88 patients analyzed in this study, 12 achieved a tumor
pathological complete response; the pathological complete
response rate was 13.6%. Rates of pathological complete
response differed significantly between the five molecular
subtypes, with 0.0% (0/31) for luminal A, 20.0% (3/15)
for luminal B/HER2—, 14.3% (1/7) for luminal B/HER2+,
20.0% (3/15) for HER2-enriched, and 25.0% (5/20) for triple-
negative in Table 4 (pathological complete response 0.02).

The absence of invasive tumor in either breast or lymph
nodes post-NACT was considered a pathological complete
response, with an RDBN level of 1. Of the 88 patients
analyzed, ten achieved a tumor and lymph node pathologi-
cal complete response; the pathological complete response
rate was 11.4%. Rates of pathological complete response
differed significantly between the five molecular subtypes,
with 0.0% (0/31) for luminal A, 13.3% (2/15) for luminal
B/HER2—, 14.3% (1/7) for luminal B/HER2+, 13.3% (2/15)
for HER2-enriched, and 25.0% (5/20) for triple-negative in
Table 5 (pathological complete response 0.03).

We compared the relevance between pathological
response and prognosis and between pathological response
and molecular subtype. We tested the pathological complete
response rate according to different molecular subtype
in breast cancer patients, and all P-values were <0.05
(Tables 4 and 5). We also analyzed the MPG and RDBN clas-
sifications for molecular subtype using the Kruskal-Wallis H
test (Tables 6 and 7), which showed no correlation between
the different molecular subtypes and the MPG and RDBN
systems (P=0.57 and P=0.41, respectively).

Multivariate analysis for predicting

survival

In our study, multivariate analysis was performed to deter-
mine which factors were independent predictors of patient
survival using the Cox proportional hazards regression
model. Factors entered into the statistical analysis were:
tumor size, lymph nodes, and Ki-67 both pre-NACT and
post-NACT; ER and HER2 status; molecular subtypes; and
MPG and RDBN grade.

The results of the correlative predictor analysis for distant
disease-free survival, local recurrence-free survival, and
overall survival are shown in Table 8. The Ki-67 status of IC
post-NACT, lymph nodes pre-NACT, MPG, and molecular
subtype were interrelated predictors of distant disease-free
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Figure | Miller-Payne grading response and survival.

Notes: (A) The Miller-Payne grading response in relation to distant disease-free survival by age-adjusted Kaplan—Meier survival analysis. The best outcome was observed in
patients with pathological complete response (MPG group 5). (B) Miller-Payne grading response in relation to local recurrence-free survival by age-adjusted Kaplan—Meier
survival analysis. The best outcome was observed in patients with pathological complete response (MPG group 5). (C) Miller-Payne grading response in relation to overall
survival by age-adjusted Kaplan—Meier survival analysis. The best outcome was observed in the patients with pathological complete response (MPG group 5).
Abbreviations: DDFS, distant disease-free survival; LRFS, locoregional relapse-free survival; MPG, Miller-Payne grade; OS, overall survival.

survival in patients undergoing NACT (Table 8). RDBN was
the only predictor of local recurrence-free survival in patients
undergoing NACT (Table 8). Size of IC post-NACT, Ki-67
of IC post-NACT, and molecular subtype were predictors
of overall survival in patients undergoing NACT (Table 8).
Increasing MPG grade and positive status of Ki-67 of IC
post-NACT were interrelated predictors of better distant
disease-free survival, and lymph nodes with increasing grade
pre-NACT and molecular subtype predicted worse distant
disease-free survival. Increasing RDBN grade was an inter-
related predictor of worse local recurrence-free survival.
Positive Ki-67 status of IC post-NACT was an interrelated
predictor of better overall survival, and increasing size of IC
post-NACT and molecular subtype were interrelated predic-
tors of worse overall survival (molecular subtype post-NACT
1-5 as follows: 1, luminal B/HER2+; 2, luminal A; 3, triple-
negative; 4, luminal B/HER2; and 5, HER2-enriched).

Discussion
In this study, we choose the MPG and RDBN classifica-
tions to evaluate the relevance between the pathological

response and prognosis (distant disease-free survival, local
recurrence-free survival, overall survival) following NACT."
MPG showed a pathological response in the breast compared
with RDBN in the breast and lymph. When assessing the
pathological response after NACT, both MPG and RDBN
were associated with distant disease-free survival and local
recurrence-free survival by age-adjusted univariate analysis
(Table 2). In multivariate analysis, MPG was one of the inter-
related predictors of distant disease-free survival and RDBN
was the only interrelated predictor of local recurrence-free
survival. However, neither MPG nor RDBN was associated
with overall survival by age-adjusted univariate or multivari-
ate analyses (Table 8). The higher the grade of MPG, the
lower the distant metastasis rate and local recurrence rate,
which is in contrast with results obtained using the RDBN
classification method.

Tables 1 and 8 show that the MPG is the main factor
of the pathological response to chemotherapy (reduc-
tion in tumor cellularity detected histologically) and
can identify patients likely to have a better prognosis.
A relationship between degree of histological response and
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Figure 2 Residual Disease in Breast and Nodes response and survival.

Notes: (A) The Residual Disease in Breast and Nodes response in relation to distant disease-free survival by age-adjusted Kaplan-Meier survival analysis. The best outcome
was observed in the patients with pathological complete response (RDBN group 1). (B) The Residual Disease in Breast and Nodes response in relation to local recurrence-
free survival by age-adjusted Kaplan—Meier survival analysis. The best outcome was observed in the patients with pathological complete response (RDBN group 1). (C) The
Residual Disease in Breast and Nodes response in relation to overall survival by age-adjusted Kaplan—Meier survival analysis.The best outcome was observed in the patients

with pathological complete response (RDBN group I).

Abbreviations: DDFS, distant disease-free survival; LRFS, locoregional relapse-free survival; RDBN, Residual Disease in Breast and Nodes; OS, overall survival.

distant disease-free survival was shown in univariate and
multivariate analyses (P<<0.05) and could potentially have
an important role in the clinical management of patients with
locally advanced breast cancer who are undergoing primary
chemotherapy. The RDBN provided a graduation for prog-
nostic significance and appears to be applicable after NACT.
RDBN is a significant predictor of locoregional relapse-
free survival in both univariate and multivariate analyses
(P<<0.05). This classification is a useful index for evaluating
the magnitude of residual disease and, subsequently, identi-
fying subgroups of patients with a better prognosis. Lower-
grade MPG was associated with more distant metastases
and higher-grade RDBN was associated with more local
recurrence. Therefore, MPG should be used to evaluate the
distant metastasis rate and RDBN should be used to evaluate
the local recurrence rate after NACT in breast cancer.

The molecular subtypes of breast cancer, which are
increasingly used for predicting the pathological response

to NACT, are related to histological grade and proliferative
activity.'®2 Triple-negative breast cancer has the charac-
teristics of aggressive clinical behavior, rapid growth, and a
poor prognosis, but is the molecular subtype most sensitive
to NACT. Luminal A tumors are considered to have high
expression of hormone receptors and low expression of
Ki-67, indicating that they have a good prognosis, but they are
less sensitive to chemotherapy. The relevance of molecular
subtype to prognosis is shown in Table 3 (all P>0.05). The
results show no correlation between the different molecular
subtypes and distant disease-free survival, local recurrence-
free survival, or overall survival in post-NACT univariate
analysis. However, in multivariate analysis, a higher number
of lymph nodes pre-NACT, and molecular subtypes indicate
worse distant disease-free survival, and larger IC post-NACT
and molecular subtypes indicate worse overall survival.
Therefore, molecular subtype of breast cancer was not a
significant predictor of survival post-NACT, and survival
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v) was greatly correlated with the pathological reaction in breast
§ Do cancer post-NACT (Tables 2 and 3).
Many clinical trials have shown that a pathological
€ o complete response is related to good treatment outcome and
could be used as a surrogate marker of better survival.?'
E . Over the past 20 years, much effort has been made to identify
3 E L {.%’; predictive markers associated with a pathological complete
] response. ER and PR levels, HER-2/neu gene status, grade
5| = § E g é and subtype of IC, extensive tumor necr(.)sis, .invasion
2| bbb ls of the vascular space, and markers of proliferation have
clissss é, been inconsistently linked with the pathological complete
el —2zn g response.**? Grade 5 in the MPG system and level 1 in the
I ====|z RDBN system were considered indicative of a pathological
o é complete response (Tables 4 and 5). Patients with a patho-
E 73 T ::’ logical complete response in this study included those with
-4ld| | 5 oo % no residual tumor in either the breast or lymph nodes (RDBN
P level 1, n=10) as well as those with no residual tumor in the
G gl ;I g; ;; _5 breast alone (MPG grade 5, n=12). For economic reasons,
EN R R T,;j there were only five patients with trastuzumab, pathologi-
cltesees o cal complete response evaluation in luminal B/HER2+ and
© >3 a3 (-—;' HER2-enriched subtypes, whose results were limitations.
L B £ Only one patient, who was MPG grade 5 and RDBN level,
wl g E developed distant metastasis and local recurrence, and died
] Q . . . .
§ E | E E g 5 é_ of the disease. Thls.patlent had inflammatory breast cancer,
=t reached a pathological complete response after five cycles,
S %o but died within 17 months of NACT. In the 88 patients,
. S PR Eg pathological complete response rates for the breast alone
% § ag g § g 5 in luminal A, luminal B/HER2—, luminal B/HER2+, HER2
Bs|lon=3 = 3 overexpression, and triple-negative disease were 0.0%,
o g 20.0%, 14.3%, 20.0%, and 25.0% (P=0.02), respectively.
§ E; The pathological complete response rates in the breast and
g sT2 03| nodes of luminal A, luminal B/HER2—, luminal B/HER2+,
§Elaqdtals HER2-enriched, and triple-negative disease were 0.0%,
il R - 13.3%, 14.3%, 13.3%, and 25.0% (P=0.03), respectively.
9 % We identified a subset of carcinoma patients who were
g‘ § most likely to achieve a pathological complete response
- .E 858 ® g from NACT (triple-negative, 25.0%) and identified a group
2 g g 3 a 3 & a 2 who were least likely to sustain a pathological complete
3 Bc|-wm<n g response (luminal A, 0.0%) in both the MPG and RDBN
g o %— classifications. Although luminal A tumors are considered
q'g_ T ~ ﬁ g g 5 g to be less responsive to chemotherapy, high hormone recep-
2 ,_g g RSRS N tor expression and low Ki-67 expression seem to indicate
E = ~m 228 éé a good prognosis.””*® Patients with triple-negative breast
?:: £ 4 g cancer achieved a pathological complete response and had
5 g 53 2lé a better prognosis than those who did not.?**
E = < = = §° % We also compared the correlation between the molecular
% Té Té Té é‘J % g subtypes and pathological response using the Kruskal-Wallis
F 333fEl] H test (Tables 6 and 7). Although there was no correlation
I518 submit your manuscript OncoTargets and Therapy 2015:8
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Figure 3 Molecular subtypes and survival.
Notes: (A) Molecular subtypes in relation to distant disease-free survival by age-adjusted Kaplan—Meier survival analysis. (B) The molecular subtypes in relation to local

recurrence-free survival by age-adjusted Kaplan—Meier survival analysis. (C) Molecular subtypes in relation to overall survival by age-adjusted Kaplan—Meier survival
analysis.

Abbreviations: DDFS, distant disease-free survival; LRFS, locoregional relapse-free survival; NACT, neoadjuvant chemotherapy; OS, overall survival.

Table 4 Miller-Payne grade 5 (pCR) with molecular subtypes

Molecular subtype Total PCR Non-pCR P-value
n % n % n %

Luminal A 31 35.23 0 0.00 31 40.79 0.02

Luminal B/HER2+ 7 7.95 | 833 6 7.89

Luminal B/HER2- 15 17.05 3 25.00 12 15.79

HER2-enriched 15 17.05 3 25.00 12 15.79

Triple-negative 20 22.73 5 41.67 15 19.74

Abbreviations: pCR, pathological complete response; HER2, human epidermal growth factor receptor 2.

Table 5 Residual Disease in Breast and Nodes classification level | (pCR) with molecular subtypes

Molecular subtype Total pCR Non-pCR P-value
n % n % n %

Luminal A 31 35.23 0 0.00 31 39.47 0.03

Luminal B/HER2+ 7 7.95 | 10.00 6 7.69

Luminal B/HER2— 15 17.05 2 20.00 13 16.67

HER2-enriched 15 17.05 2 20.00 13 16.67

Triple-negative 20 22.73 5 50.00 15 19.23

Abbreviations: pCR, pathological complete response; HER2, human epidermal growth factor receptor 2.
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Table 6 Miller-Payne grade with molecular subtypes

MPG Luminal A Luminal B/JHER2- Luminal B/JHER2+ HER2-enriched Triple-negative 7 P-value
n % n % n % n % n %

[ 0 0.00 4 26.67 0 0.00 2 13.33 3 15.00 291 0.57

2 8 25.81 4 26.67 | 14.29 2 13.33 4 20.00

3 15 48.39 3 20.00 3 42.86 5 3333 5 25.00

4 8 25.81 | 6.67 2 28.57 3 20.00 3 15.00

5 0 0.00 3 20.00 | 14.29 3 20.00 5 25.00

Total 31 100.00 15 100.00 7 100.00 15 100.00 20 100.00

Abbreviations: MPG, Miller-Payne grade; HER2, human epidermal growth factor receptor 2.

Table 7 Residual Disease in Breast and Nodes classification with molecular subtypes

RDBN Luminal A Luminal BJHER2- Luminal B/HER2+ HER2-enriched Triple-negative r P-value

n % n % n % n % n %

| 0 0.00 2 13.33 | 14.29 2 13.33 5 25.00 3.99 0.41

2 6 19.35 | 6.67 2 28.57 3 20.00 3 15.00

3 15 48.39 6 40.00 3 42.86 5 33.33 7 35.00

4 10 3226 6 40.00 | 14.29 5 3333 5 25.00

Total 31 100.00 15 100.00 7 100.00 15 100.00 20 100.00

Abbreviations: RDBN, Residual Disease in Breast and Nodes; HER2, human epidermal growth factor receptor 2.

between the different molecular subtypes and MPG and RDBN
classification, patients with the triple-negative disease subtype
were more likely to achieve a pathological complete response
(RDBN level 1/MPG grade 5) than those with the other molecu-
lar subtypes of breast cancer. As a result, the molecular subtypes
of breast cancer did not correlate with pathological response for
those who did not achieve a pathological complete response.
Overall survival, distant disease-free survival, and local
recurrence-free survival were the outcomes of interest in the
prognostic analyses. Distant relapse and local recurrence
impacted the quality of survival in patients. Distant disease-
free survival, local recurrence-free survival, and overall
survival were evaluated in single-factor and multiple-factor
analysis. This study investigated the value of Ki-67, size of

IC, lymph nodes, molecular subtypes, MPG and RDBN as
predictive factors in relation to NACT as well as the possible
effects on prognosis. MPG was found to be an independent
predictor for distant disease-free survival compared with
RDBN for local recurrence-free survival in both univariate
and multivariate analyses.

Conclusion

In conclusion, this study shows that MPG and RDBN are
independent predictors of distant disease-free survival
and local recurrence-free survival. However, MPG should
be used to evaluate the distant metastasis rate and RDBN
should be used to evaluate the local recurrence rate after
NACT in breast cancer. With regard to molecular subtype,

Table 8 Distant disease-free survival, locoregional relapse-free survival, and overall survival in multivariate analysis

Parameter SE Va P-value HR 95% ClI
estimate Lower limit Upper limit
DDFS
Ki-67 of IC post-NACT -1.78 0.80 4.93 0.03 0.17 0.04 0.8l
Lymph nodes pre-NACT 0.75 0.34 4.94 0.03 2.11 1.09 4.07
MPG -0.82 0.28 8.37 <0.01 0.44 0.25 0.77
Molecular subtype 0.71 0.28 6.61 0.01 2.04 1.19 3.52
LRFS
RDBN 0.85 0.37 5.37 0.02 23 I.14 4.8l
(ON
Size of IC post-NACT 2.07 0.67 9.44 <0.01 7.90 211 29.53
Ki-67 of IC post-NACT -3.30 1.29 6.56 0.0l 0.08 0.00 0.46
Molecular subtype 0.87 0.36 5.84 0.02 2.39 1.18 4.83

Abbreviations: IC, invasive carcinoma; Cl, confidence interval; DDFS, distant disease-free survival; HR, hazard ratio; LRFS, locoregional relapse-free survival; NACT,
neoadjuvant chemotherapy; OS, overall survival; RDBN, Residual Disease in Breast and Nodes; MPG, Miller-Payne grade; SE, standard error.
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patients with the triple-negative subtype were more likely
to achieve a pathological complete response than those with
other molecular subtypes of breast cancer. Survival post-
NACT was correlated with the pathological reaction rather
than with the molecular subtype of breast cancer. Further,
survival rate is improved by NACT in view of the different
predictive factors.
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