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ABSTRACT
Objective: To determine the predictive factors for the pathological complete response (pCR) in patients with non-ductal invasive breast
cancer (ND-BC) receiving neoadjuvant chemotherapy.
Study Design: Observational study.
Place and Duration of the Study: Departments of Medical Oncology, Tekirdag Namik Kemal University, Sirnak State Hospital, Aydin
Adnan Menderes University, Marmara University, Bakirkoy Sadi Konuk Hospital, Basaksehir Cam and Sakura Hospital, Sakarya University,
Balıkesir Ataturk Hospital, Turkiye, from April 2016 to December 2022.
Methodology: A total of 222 non-metastatic breast cancer patients who received neoadjuvant chemotherapy were included in this retro-
spective multicentric study. The clinicopathologic data were obtained from the hospitals’ electronic-record-system. The logistic regression
models were used to identify predictive factors for pCR.
Results: One hundred and twenty-six patients (56.8%) had invasive lobular carcinoma and 28 patients (12.6%) had signet ring cell/muci-
nous carcinoma. A total of 45 patients (20.3%) achieved pCR. The pCR rate was 14.3% for lobular carcinoma and 17.9% for signet ring cell/-
mucinous carcinoma. The univariate analysis showed that estrogen receptor-negative tumours (p = 0.017), high Ki-67 (p = 0.008), high
histologic grade (p<0.001), HER2+ expression (p<0.001), and non-lobular histologic type (p = 0.012) were predictive factors for pCR. The
multivariate model revealed that HER2 expression (p<0.001) and Ki-67 (p = 0.005) were independent predictors.
Conclusion:  Neoadjuvant  chemotherapy  demonstrated  effectiveness  in  ND-BC  patients,  leading  to  favourable  pCR  rates  and  enabling
breast-conserving surgery. Predictive markers for pCR varied depending on histologic types, with HER2 expression, ER status, Ki-67, and
histologic grade showing significance in non-ductal subtypes, while HER2 status alone was predictive in lobular carcinoma.
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INTRODUCTION
According to the current knowledge, breast cancer is the most
common cancer, excluding skin cancer.1
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Neoadjuvant chemo-therapy (NACT) is an accepted treatment
modality in selected breast cancer patients since it provides
axillary  downstaging  and  increases  the  likelihood  of  breast
conserving surgery.2-4

Moreover,  pathologic  complete  response  (pCR)  after  NACT  is
considered a valuable prognostic factor and pCR is considered to
be a reliable endpoint for breast cancer patients receiving NACT
by the United States Food and Drug Administration.5,6 However,
breast cancer includes different histologic/molecular subtypes,
and  these  subtypes  may  respond  differently  to  treatment.  A
better selection of patients who will benefit from NACT saves the
patients from toxicities of ineffective treatments and the risk of
disease progression due to delayed surgery.
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Previous  studies  investigating  factors  predicting  the  NACT
response  have  focused  mostly  on  patients  with  ductal-type
breast cancer histology. For ductal breast cancer patients, the
international guidelines help clinicians in selecting patients who
are suitable for NACT.2-4 However, for non-ductal histologic types
(ND-BC), it is challenging to select patients who would benefit
from NACT and controversial to suggest a patient for NACT.7,8 For
ND-BC, invasive lobular carcinoma (ILC), and other less common
histologic types, markers are still required that could predict pCR
and identify tumours that may respond to chemotherapy.

In this study, the aim was to determine the pCR response rates of
histologic subtypes and the ideal predictive markers for pCR in
breast cancer patients with ND-BC histology receiving NACT,
thus guiding the clinicians in NACT treatment decisions.

METHODOLOGY
This study was designed as a multicentre observation in accor-
dance with the Declaration of Helsinki. Each researcher at the
centres provided signed informed consent before registering the
study. The Ethics Committee of Tekirdag Namik Kemal Univer-
sity,  Turkiye  approved  this  multicentric  study.  The  data  of
patients who had received outpatient chemotherapy in the parti-
cipating 7 medical oncology clinics throughout Turkiye between
April 2016 and December 2022 were used. Patients aged ≥18
years,  who  received  NACT  and  underwent  the  surgery  were
included in the study. The exclusion criteria were metastases
concurrent  or  prior  history  of  malignancy,  ductal  histologic
subtype,  those  receiving  neoadjuvant  hormono-therapy,  and
the failure to complete the planned NACT. All included patients
received either docetaxel every 3 weeks for 4 cycles or paclitaxel
every 12 cycles after 4 cycles of cyclophosphamide and anthracy-
cline  (epirubicin  or  doxorubicin)  combination.  Patients  with
human  epidermal  growth  factor  receptor-2  expression  posi-
tive(HER2+)  received  trastuzumab  (±pertuzumab;  patients
receiving pertuzumab received only 4 cycles during the NAC
period) in the neoadjuvant period.

Demographic  and  clinicopathologic  characteristics  of  the
patient were recorded. pCR was considered as the absence of
histopathological evidence of residual cancer cells in the breast
and axillary lymph nodes.5 Patients with estrogen receptor (ER)
and progesterone receptor (PgR) above 1% were considered posi-
tive.9 Those with immunohistochemistry (IHC) HER2 scores +3 or
IHC HER2 scores +2 /fluorescence in situ hybridisation (FISH)

positive were considered HER2 positive. Tumour pathological
staging  was  performed  according  to  the  AJCC  TNM  classifi-
cation.10 On the basis of previous studies, the subtype groups
were defined as hormone receptor-positive (ER and/or PgR posi-
tive) and HER2 negative, HER2 positive regardless of hormonal
status, and triple-negative (ER, PgR, and HER2 negative).5

Statistical analyses were performed using SPSS 24 (SPSS Inc.,
Chicago,  Ill.).  The  categorical  variables  were  presented  as
numbers and percentages. The univariate and multivariate anal-
ysis  was performed using a  logistic  regression model  to  find
predictors for pCR. Odds Ratio (OR) was reported with corre-
sponding 95% confidence intervals (95% CI) and p <0.05 was
considered  statistically  significant.  Binary  logistic  regression
using the "Forward: LR" method for the multivariate analyses
was used to predict pCR.

RESULTS
A total of 222 female patients who met the study criteria were
included in the study. The median age was 49 (range 25-81)
years. Of the patients, 83 (65.9%) were HR+/HER2-, 29 were
HER2+,  and  14  (11.1%)  had  triple-negative  molecular  sub--
groups. Out of the total patients, 108 (48.6%) were postmeno-
pausal, while the remaining patients had menstrual cycles. The
most common histologic types were lobular carcinoma (56.8%)
and signet cell carcinoma /mucinous carcinoma (12.6%). Before
NACT, 207 (93.2%) patients had axillary lymph node positivity.
One hundred and eighty-six (83.8%) patients underwent breast--
conserving surgery (BCS) and 144 (64.9%) underwent axillary
lymph node dissection (ALND).

A total of 45 patients (20.3%) achieved pCR. The pCR rate of
lobular  histologic  type  was  14.3%,  signet  ring  cell/mucinous
17.9%,  micropapillary  25%,  apocrine  50%,  metaplastic  50%,
medullary 25%, and other subtypes were 28.9%. The pCR rate of
lobular histologic type was 14.3%, stony/mucinous 17.9%, micro-
papillary 25%, apocrine 50%, metaplastic 50%, medullary 25%,
and other subtypes were 28.9%. Molecular subtype grouping
and pCR results are shown in Table I.

A  logistic  regression  model  was  established  to  detect  the
predictive factors of pCR. In a univariate analysis including all
histologic types, ER-negative tumours (p = 0.017), high Ki-67 (p
=  0.008),  high  histologic  grade  (p<0.001),  HER2  expression
(p<0.001),  and  non-lobular  histologic  type  (p  = 0.012)  were
found to be the predictive factors for pCR (Table II).

Table I: Distribution of molecular subtypes according to histological subtypes of breast cancer and pathological complete response (pCR) results.

 
Histological type n % pCR

(n)
pCR
(%)

Molecular subgroups
HR+HER2- % HER2+ % Triple - %

Lobular 126 56.8 18 14.3 83 65.9 29 23.0 14 11.1
Signet ring
cell/Mucinous

28 12.6 5 17.9 19 67.9 4 14.3 5 17.9

Micropapillary 8 3.6 2 25.0 3 37.5 3 37.5 2 25.0
Apocrine 8 3.6 4 50.0 3 37.5 5 62.5 0 0.0
Medullary 8 3.6 2 25.0 3 37.5 1 12.5 4 50.0
Metaplastic 6 2.7 3 50.0 1 16.7 1 16.7 4 66.7
Other 38 17.1 11 28.9 14 36.8 14 36.8 10 26.3
pCR: Pathological complete response.
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Table II: Univariate and multivariate logistic regression analysis of clinical and pathologic markers for pCR in invasive non-ductal subtypes of
breast cancer (n=222).

Variables Category Univariate analysis Multivariate analysis
OR (95% CI) p OR (95% CI) p

Age <40 / >40 0.74 (0.41-1.60) 0.437   
Menopausal status Prem/ postm. 0.57(0.29-1.12) 0.105   
ER Negative/positive 0.44 (0.22-0.86) 0.017   
PgR Negative/positive 0.66 (0.34-1.28) 0.223   
Ki-67 Continuous 1.02 (1.01-1.04) 0.008 1.03(1.01-1.04) 0.005
HER2 Negative/positive 9.65 (4.64-20.05) <0.001 10.57(4.92-22.73) <0.001
Grade 1/2/3 1.87 (1.01-3.46) 0.045   
Histological type Non-Lobular/Lobular 0.43 (0.22-0.83) 0.012   
Prem/Postm: Premenopausal/postmenopausal,  ER: Estrogen receptor,  PgR: Progesterone receptor.

Table III: Factors affecting response in lobular cancer.

Variables Category Univariate analysis
OR (95% CI) p

Age 40/40 0.65 (0.19-2.23) 0.497
Menopausal status Prem/postm. 0.59 (0.21-1.64) 0.312
ER Negative/positive 1.14 (0.30-4.30) 0.851
PgR Negative/positive 1.04 (0.36-3.00) 0.939
Ki-67 Continuous 1.02 (0.99-1.04) 0.226
HER2 Negative/positive 10.71 (3.53-32.43) <0.001
Grade 1/2/3 1.50 (0.59-3.75) 0.389
Prem/Postm: Premenopausal/postmenopausal, ER: Estrogen receptor, PgR: Progesterone receptor.

The multivariate analysis  was performed to  compare the
effect  of  factors  that  were  found  to  be  predictive  in  uni-
variate analysis. In the established model, HER2 expression
(OR=10.57,  95%  CI:  4.92-22.73,  p<0.001)  and  Ki-67
(OR=1.03, 95% CI: 1.01-1.04, p=0.005) found independent
predictive markers.

In the regression model established to determine the pCR
predictors  for  Invasive  Lobular  Carcinoma subtype,  HER2
expression alone (OR = 10.71, 95% CI: 3.53-32.43, p<0.001)
was found to be predictive (Table III).

DISCUSSION

This study investigated the response rates of ND-BC patients
to neoadjuvant chemotherapy and the predictors related to
pCR. In this analysis, the rate of achieving pCR in the entire
patient population was found to be 20.3%, while the highest
pCR  rates  were  attained  in  apocrine  and  metaplastic
subtypes, both at 50%, the lowest pCR rate was found in
lobular breast cancer subtype at 14.3%. For non-ductal histo-
logic types, patients with ER-negative, high Ki-67, high histo-
logic grade, and HER2 expression were more likely to have
pCR, whereas only HER2 status was predictive for pCR in the
ILC subtype analysis.

Apocrine and metaplastic breast cancers often have triple
negative molecular features, enabling these patients to be
more favourable for achieving pCR.11,12 On the other hand,
invasive lobular breast cancer (ILC) typically presents with
hormone  receptor-positive  (HR+)/HER2-negative  (HER2-)
molecular characteristics, resulting in a limited response to
neoadjuvant chemotherapy (NACT), in line with the existing
literature.

In breast cancer patients having received NACT, achieving
pCR provides a survival  advantage and also affects the type
of breast and axillary surgery to be performed. However, the
lack of studies for ND-BC renders it challenging for clinicians
to identify patients who could benefit from NACT. In this dist-
inct  group  of  patients,  powerful  pCR  predictors  might  be
insightful. In this study, ER-negative, high grade, high Ki-67,
high grade, and HER2 expression were found to be predictive
for pCR for non-ductal breast cancer. These factors are consis-
tent with previous studies including patients with both ductal
and non-ductal breast cancer.13-15 High Ki-67 and high grade
reflect  the  tumour's  ability  to  proliferate  and  its  aggressive-
ness. Since ER is a receptor primarily related to hormonal
response rather than chemotherapy, it is an accepted predic-
tive factor for breast cancer subtypes in accordance with the
literature.16,17

In this study, it was discovered that among the histologic
types of non-ductal breast cancer (ND-BC), HER2 over-ex-
pression was a positive predictive factor, specifically lobular
carcinoma, in terms of pCR rate. This finding is distinct from
the  predictive  factors  identified  in  the  analysis  encom-
passing all other non-ductal types. The absence of statistical
significance  in  factors  such  as  hormone  receptor  status,
Ki-67, and grade in lobular subtypes can be attributed to the
immunohistochemical-phenotypic  differences  characteristic
of ILC. ILC typically presents with a lower histologic grade
and a lower mitotic index. Additionally, it frequently exhibits
a high rate of hormone receptor positivity.18 In this study,
while the rate of hormone receptor positivity was 70% in the
entire group, it reached 91% in ILC patients. Despite these
differences, it is worth noting that current guidelines do not
emphasise the role of histologic types in the decision making
process for  NACT.  This  underscores the need for  distinct
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neoadjuvant treatment strategies based on molecular sub-
types and further research focused on molecular-targeted
approaches.

The surgical procedures for breast cancer, including mastec-
tomy and axillary lymph node dissection (ALND), come with
inherent risks that may have a potential impact on a pati-
ent's quality of life. Furthermore, studies have reported both
survival  and  better  quality  of  life  associated  with  breast
conserving  surgery  when  compared  to  mastectomy.19,20

NACT is a pivotal treatment strategy as it enhances the feasi-
bility  of  breast-conserving  surgery  and  facilitates  downs-
taging  of  the  axilla,  thus  enabling  axilla-sparing  surgical
procedures. It is widely recognised that surgery remains a
viable option after NACT, even in cases with limited treat-
ment response.8 Notably, in this study, despite variations in
treatment responses, a remarkable 83.8% of patients under-
went breast-conserving surgery, and 35.1% did not require
axillary  dissection.  These  findings  highlighted  the  effective-
ness of  NACT as a treatment choice,  not  only for  ductal
breast cancer but also for other histologic subtypes including
ILC.

There were some limitations in this study. This study was
retrospectively designed. Certain statements could not be
used because of the relatively small sample size of some
histologic  types.  Although the included pathology depart-
ments belonged to long-serving centres, the rate of patients
whose histological subtypes could not be determined may
affect  the  results.  However,  the  strength  of  this  study  was
that it was multicentric and included a large patient popula-
tion for rare subtypes. More prospective clinical trials involv-
ing larger numbers of patients are needed.

CONCLUSION

NACT  can  be  considered  to  be  a  preferable  treatment
modality  for  non-ductal  breast  cancer  patients  as it  may
provide  an  advantage  for  surgery  with  acceptable  pCR
response rates. The high BCS rates suggested that the treat-
ment  response  may  be  high  in  non-ductal  carcinoma
subtypes, and NACT can be used as a treatment modality to
spare patients from the morbidity of  axillary lymph node
dissection in these patients. Various factors, including HER2
expression,  ER  status,  Ki-67,  and  histologic  grade,  were
found to be predictive markers for pCR in non-ductal breast
cancer subtypes receiving NACT. For lobular histologic types,
HER2 expression emerged as a predictive marker for pCR.
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