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Abstract
Background: Neoadjuvant chemotherapy (NAC) is an integral part of breast cancer treatment. Determination of the factors that can 
distinguish patients who will have best response to NAC is invaluable. In this study, we aimed to elucidate the factors influencing 
patient response to NAC. 
Methods: We retrospectively collected data of female patients with non-metastatic breast cancer that had received NAC followed 
by surgery, admitted to Imam Khomeini hospital between 2015–2019. We investigated the association between various tumor and 
patients’ characteristics with pathologic complete response (PCR). 
Results: Overall data of 205 female patients were collected. PCR was observed in 27.6% of cases. PCR rate in luminal A, luminal 
B, HER2 enriched, and TNB tumors was reported in 11.1%, 30.2%, 35.7%, and 36.4% of patients respectively (P = 0.27). In 
patients with luminal B tumors, PCR was more prevalent in patients with positive HER2 only (P = 0.006). In our study factors which 
was significantly associated with PCR were: tumor grade, progesterone receptor (PR) status, and HER2 status. In the multiple 
regression model, positive PR in the tumor lowered the odds of pathologic response 3.6 times (P = 0.004). 
Conclusion: In our study, tumor grade, PR status, and HER2 status was associated with response to NAC. PCR was more prevalent 
in non-luminal tumors; however, PCR rate in luminal B patients-especially those with HER2 positive status- was slightly less than 
non-luminals.
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Introduction
Breast cancer is the most prevalent site-specific malignancy 
among women worldwide.1-3 In Iran, breast cancer is the 
most prevalent female malignancy, with an incidence of 31 
per 100 000, accounting for 27% of all new cancer cases in 
females; it is the second cause of cancer-related deaths in 
this country with a mortality rate of 8.7 per 100 000 in 2018.4

Neoadjuvant therapies (including chemotherapy) have 
been introduced in to breast cancer management since 
the 1970s;5 they were initially intended to downstage 
inoperable disease to make it operable, and subsequently 
their use extended to operable breast cancers, allowing 
less extensive surgery of the breast and axilla.5 Several 
benefits are proposed for neoadjuvant chemotherapy 
(NAC): the chance to observe the response of intact tumor 
to several agents2,6,7; providing some valuable prognostic 
information like pathologic complete response (PCR) 
to NAC2,3,6-10; probable tumor shrinkage, converting 
inoperable disease to operable or allowing the surgeon 
and patient to pursue less invasive surgeries.5,7,10 However, 
there are also some suggested drawbacks for neoadjuvant 
compared to adjuvant chemotherapy, such as the probable 
increased risk of local recurrence after breast conserving 

surgery due to inaccurate localization.5

Determining factors that can distinguish patients who 
will have the best response to NAC is invaluable, as it 
will allow unresponsive patients to undergo surgery 
without undue delay. Patients respond differently to 
NAC depending on various patient and tumor factors. 
Some of the most important factors that have been 
proposed to affect tumor response positively include: 
HER2-enriched and triple negative (TN) tumor subtypes, 
younger age, smaller tumor size; higher grade, presence 
of lymphovascular invasion, and high Ki67 level.1,3,5,6,9,10 
In this study, we retrospectively collected the data of 
female patients with non-metastatic breast cancer who 
underwent NAC followed by surgery. The purpose of this 
study was to investigate the effect of different patient and 
tumor factors, especially tumor receptor status and tumor 
subtypes, on PCR to NAC.
 
Materials and Methods
Patients and Treatment Characteristics
Medical records of patients with breast cancer admitted 
to the Cancer Institute and breast surgery unit of Imam 
Khomeini hospital between 2015–2019 were reviewed 
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retrospectively. The data was available only to research 
members, and no identification data of patients were 
revealed during research to unrelated members. Female 
patients with non-metastatic breast cancer at presentation 
who had received standard NAC followed by surgery were 
eligible for this study. Demographic data, clinical and 
surgery data, and pathologic tumor characteristics were 
collected.
 
Tumor Characteristics
Pre-NAC histologic characteristics of tumor according 
to core needle biopsy including immunohistochemistry 
(IHC) staining results, and pre-NAC pathologic status 
of regional lymph nodes, if they were sampled, were 
obtained. Tumors’ receptor status was determined by 
IHC staining; estrogen receptor (ER) and progesterone 
receptor (PR) were considered positive if ≥ 1% of tumor 
cells were stained. For HER2, a result of 3 + was considered 
positive and 0 or 1 + were considered negative; 2 + results 
were further classified as positive or negative using FISH 
or CISH test. Regarding these IHC results, each patient’s 
tumor subtype was classified as Luminal A (positive ER 
and/or PR and negative HER2 and Ki67 less than 15%), 
Luminal B (positive ER and/or PR and positive HER2 and/
or Ki67 ≥ 15%), HER2-enriched (negative ER and PR, and 
positive HER2), and TN (negative ER and PR and negative 
HER2). Luminal B tumors were further classified as HER2 
positive only tumors, tumors with elevated Ki67 level, and 
tumors with both positive HER2 and elevated Ki67 level. 
Clinical stage at diagnosis was determined according 
to the guidelines of the American Joint Committee on 
Cancer Staging 7th edition.

Response to Treatment
Most studies have defined PCR as absence of invasive 
tumor in previously involved breast and axilla;7 some 
have defined PCR as absence of invasive tumor in breast 
or axilla.6,9. In this study, to overcome the relatively small 
sample size, PCR was defined as the absence of invasive 
tumor in the breast tissue or regional lymph nodes; 
so, patients who had PCR only in breast or axilla were 
considered responders, too. 

Statistical Analysis
To investigate the association between patient’s and 
tumor’s characteristics with PCR to NAC, statistical 
analysis was done using the chi-square or the Fisher’s exact 
tests where necessary. Because we did not have any low 
grade or low stage tumors in the PCR group, we could not 
calculate chi-square for trend (MH test) to compare stage 
and grade in PCR. Instead, we used the chi-square test to 
compare binary tumor grade or stage and PCR. Age and 
tumor size were compared between binary independent 
variables using independent t test or Mann-Whitney U 
test considering Normality. P value ≤ 0.05 was considered 
significant. 

Logistic regression was performed using the stepwise 

backward (likelihood ratio) method to analyze the 
independent variables associated with PCR. The alpha 
level for stepwise selection was considered to be 0.05. 
Factors with a P value less than 0.2 in univariate analyses 
were entered into the multiple regression model.

Results
Patients and Tumors Characteristic
Overall data of 205 female patients were collected and 
reviewed. The patients’ mean age was 45.2 ± 10.6 (min:24, 
max:77) years. Detailed tumor characteristics are shown 
in Table 1. IHC and tumors subtypes results and their 
relation to other tumor variables are shown in Table 2.

Chemotherapy and Surgery Data
In patients with available data, the most commonly 
used chemotherapy regimen was standard courses of 
Adriamycin-cyclophosphamide-paclitaxel (67.8%), 
followed by docetaxel-cyclophosphamide (15.3%), and 
Adriamycin-cyclophosphamide (10.2%). The adriamycin-
cyclophosphamide-paclitaxel (ATC) regimen was 
delivered in two patterns of dose dense or conventional, 
and the most commonly used pattern was dose dense 
ATC. In patients with HER2 positive tumors, Herceptin 
was administered as part of neoadjuvant treatment.

Sixty-three percent of patients underwent mastectomy 
and 37% underwent breast conserving surgery. Regarding 
axillary staging, 66.7% of patients underwent axillary 
lymph node dissection and 33.3% underwent sentinel 
lymph node biopsy.

Pathologic Data
On pathological examination of surgical specimens, the most 
prevalent histology was invasive ductal carcinoma (IDC) 
(73.7%). In 19% of cases, there was no residue of tumor. 
Table 3 depicts the pathological details of surgical specimens.

Table 1. Tumors Characteristics of Patients

Tumor Characteristics Frequency Percentage

Histologic Subtype

IDC 177 92%

ILC 8 4.2%

Others 7 37%

Pre-NAC Tumor size

T1 30 17.6%

T2 100 58.8%

T3 21 12.4%

T4 19 11.2%

Pre-NAC Nodal status

N0 41 23.5%

N1 137 74.3%

N2 8 2.2%

Pre-NAC Clinical stage 

1 6 3.7%

2 115 71.4%

3 40 24.8%

Sonographic tumor size 
(mm)-  Median (IQR)

31(23–43)

IDC, Invasive ductal carcinoma; ILC, Invasive lobular carcinoma; NAC,  
Neoadjuvant chemotherapy; IQR, Interquartile range.
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Table 2. IHC and Tumors Subtype of Patients

Tumor Characteristics Frequency Percentage

IHC

ER positive 113 68.9%

PR positive 110 58.5%

HER2 positive 80 42.6%

Ki 67 level Median (IQR) = 30 (20–45)

Overall tumor subtypes
Luminal 128 66.7%

Non-luminal 64 33.3%

Tumor subtypes

Luminal A 11 5.9%

Luminal B 102 54.3%

HER2-enriched 32 17%

TNBC 28 14.9%

Not specified 15 8%

Luminal B Tumors

HER2 positive only 9 8.8%

Elevated Ki67 55 53.9%

Both HER2 positive and elevatedki67 38 37.3%

Non-Luminal Tumors
HER2 enriched 32 53.3%

TNBC 28 46.7%

IHC, Immunohistochemistry; Her2, human epidermal growth factor receptor 2ER, Estrogen receptor; PR, Progesterone receptor; TNBC, Triple negative breast 
cancer; Luminal A, Tumors which are positive for ER and/or PR and negative for HER2 and their Ki67 level is less than 15%; Luminal B, Tumors which are 
positive for ER and/or PR and positive for HER2 and/or their Ki67 level is equal to or more than ≥15%.

Table 3. Pathologic Details of Surgical Specimens

Tumor Characteristics Frequency Percentage Mean

Histologic subtype

IDC 151 73.7%   —

No tumor 39 19%   —

Others 15 8.3%   —

Tumor size (mm)  —   — 21±

Tumor grade

1 25 18%   —

2 76 54.7%   —

3 38 27.3%   —

Number of excised LNs   —   — Median (IQR) = 8 (4–12)

Number of involved excised LNs   —   — Median (IQR) =1(0–4)

Permanent LN status
Free 89 46.1%   —

Involved 104 53.9%   —

IHC results according to 
permanent LN status

Mean Ki67
Positive LN   —   — Median (IQR) = 30 (20–40)

Negative LN   —   — Median (IQR) = 30 (20–50)

Positive ER
Positive LN 71 72.4%   —

Negative LN 55 64.7%   —

Positive PR
Positive LN 66 68.8%   —

Negative LN 39 47.6%   —

Positive HER2
Positive LN 34 35.1%   —

Negative LN 41 49.4%   —

IDC, Invasive ductal carcinoma; IHC, Immunohistochemistry; LN, lymph node; ER, estrogen receptor; Her2, human epidermal growth factor receptor 2; PR, 
progesterone receptor.
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Response to Treatment
PCR was reported in 48 patients (27.6%). The mean age 
of patients with and without PCR was not significantly 
different. Mean pre-NAC sonographic tumor size was 
lower in patients with PCR, although the difference was 
not significant. Patients with ER negative, PR negative, 
and HER2 positive tumors had higher PCR in comparison 
to ER positive, PR positive, and HER2 negative tumors, 
respectively, although this difference was not significant in 
the ER group (ER: P = 0.09, PR: P = 0.01, HER2: P = 0.01). 
Median Ki67 level was not significantly different between 
patients with and without PCR. PCR was more prevalent 
in non-luminal tumors than luminal ones (P = 0.23); In 
subgroup analysis, PCR in luminal A, luminal B, HER2 
enriched, and TNB tumors was reported in 11.1%, 30.2%, 
35.7%, and 36.4% of patients, respectively (P = 0.27 
respectively). In patients with luminal B tumors, PCR 
was more prevalent in patients with positive HER2 only, 
followed by patients with both elevated Ki67 and positive 

HER2 (P = 0.01). Table 4 shows detailed data of the relation 
between PCR and other variables.

In the multiple regression model, four factors with 
P values of less than 0.2 were entered in the backward logistic 
regression model, namely tumor size on sonography, ER, 
PR and HER2 status. We did not use the tumor grade in 
the multiple regression model, because we had only one 
grade type in the PCR group. The final backward model 
consisted of two variables: PR and tumor size. Positive PR 
lowered the odds of pathologic response by 72% (adjusted 
OR = 0.28, 95% CI = 0.12–0.67, P = 0.004). The other factor 
(tumor size) did not affect PCR significantly (adjusted 
OR = 0.98, 95% CI = 0.95–1.01, P = 0.10).

Discussion
The role of NAC as an integral part of breast cancer 
treatment and its inherent benefits have been largely 
confirmed.2,3,5-10 Determining a group of patients which 
will benefit most in terms of response and especially PCR, 

Table 4. Detailed Data of Relation Between Pathologic Complete Response (PCR) and Other Variables

Variables
PCR No PCR

P value
Mean or Frequency Percentage Mean or Frequency Percentage

Age (year) 44.02 ± 9.8  — 45.62 ± 10.97  — 0.43*

Sonographic tumor size (mm) Median (IQR) = 30 (20–34)  —
Median (IQR) = 

31(23–44.5)
 — 0.11**

Tumor stage

1 0 0% 5 100%

0.40***2 30 30.9% 67 69.1%

3 8 25% 24 75%

Tumor Grade

1 0 0% 19 100%

0.01***2 11 16.7% 55 83.3%

3 0 0% 31 100%

ER status
Positive 28 25% 84 75%

0.09***

Negative 19 38% 31 62%

PR status
Positive 18 20.2% 71 79.8%

0.01***

Negative 27 39.8% 41 60.3%

HER2 status
Positive 27 40.9% 39 59.1%

0.01***

Negative 17 20% 68 80%

Mean Ki67
Median (IQR) = 30 

(20–47.5)
 —

Median (IQR) = 30 
(20–40)

 — 0.83**

Tumor Subtype
Luminal 28 26.2% 79 73.8%

0.23***

Non-luminal 19 35.2% 35 64.8%

All subtypes

Luminal A 1 11.1% 8 88.9%

0.27***
Luminal B 26 30.2% 60 69.8%

HER2-enriched 10 35.7% 18 64.3%

TNBC 8 36.4% 14 63.6%

Luminal B subtype

Elevated Ki67 only 9 18.4% 40 81.6%

0.01*** Positive HER2 only 5 71.4% 2 28.6%

Elevated Ki67and positive HER2 12 40% 18 60%

IQR, Interquartile range; Luminal A, Tumors which are positive for ER and/or PR and negative for HER2 and their Ki67 level is less than 15%; Luminal B, Tumors 
which are positive for ER and/or PR and positive for HER2 and/or their Ki67 level is equal to or more than ≥15%; ER, estrogen receptor; Her2, human epidermal 
growth factor receptor 2; PR, progesterone receptor.
*Independent t test. **Mann-Whitey U test. ***Chi square test.
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is a key point in this regard. PCR rates of 11 to 37.9% have 
been reported in various studies.7,10-13 In two studies in 
our country, PCR rat of 32.9% and 52.7% were reported,1,6 
which are higher than PCR in our study (27.6%). It should 
be noted that the difference in PCR definition in our work 
(as described in the Methods section) should be considered 
when comparing our results with similar studies.

Multiple investigations have proved PCR as a prognostic 
marker of better outcome in breast cancer patients, and 
PCR is suggested to serve as a surrogate marker for overall 
survival.6,7,9,12-14

Many researches have evaluated the role of various 
tumor and patient factors on PCR. Multiple studies have 
postulated that PCR rate is significantly influenced by 
various tumor subtypes; most of them have reported that 
PCR rate is more pronounced in TN and HER2 positive 
tumors, and less considerable in luminal ones, with 
luminal A tumors shown to be the least responsive.3,6,9-13,15 
Different studies have reported PCR rates of 20.4–60% 
in triple negative breast cancer (TNBC) patients and 
15.6–65% in HER2 enriched tumors.7-12,14,16,17 The PCR 
rate for luminal B tumors has been reported to be 4.2–
15.4% in HER2 negative cases and 16–32% in HER2 
positive ones.7,9,10,15. Luminal A tumors were less likely to 
be treated with NAC with reported PCR rates of 0–9% in 
various reports.7,9,10,16,18 In a study by Livinston-Rosanoff 
et al19 on 38 864 patients, TN and HER2 positive tumors 
had better PCR in comparison to HR + /HER- tumors. 
In a prospective multicenter clinical trial by Boughey et 
al,10 PCR rates of 38.2%, 45.4%, and 11.4% were reported 
in TN, HER2 positive, and HR positive HER2 negative 
tumors, respectively. In a study by Kim et al,15 it was shown 
that luminal B tumors are relatively resistant to NAC, 
and luminal B HER2 negative tumors had a significantly 
reduced clinical response and PCR in comparison to 
HER2-enriched and TN tumors.

A study by Sasanpour et al6 on 207 Iranian patients 
showed that HR positive status was associated with poorer 
response to NAC; also, in another retrospective study 
by Firouzabadi et al20 in Iran, it was shown that HER2 
positive/ER negative tumors have a better response to 
NAC. In another study by Omranipour et al21 in the Iran 
Cancer Institute on 314 patients with ER positive HER2 
negative tumors, overall PCR was observed in 14.6% of 
patients.

The independent influence of Ki67 level on response to 
NAC has not been investigated much; in a report by Kim 
et al,15 it was shown that in HER2 negative luminal tumors, 
increased Ki67 level is associated with increased response. 
In a study by Omranipour et al,21 a cut-off level of 22.5% 
for Ki67 expression was determined for PCR prediction in 
ER positive HER2 negative tumors. In a study by Asano et 
al14 on TNBC patients, increased Ki67 level was associated 
with greater PCR.

In our study, grade 2, negative PR, and positive HER2 
status was significantly associated with greater PCR. 
Tumors with PCR to NAC were more ER and PR negative, 

although the difference was not significant for ER status. 
In the logistic regression analysis, positive PR status 
lowered the odds of pathologic response by 72% (adjusted 
OR = 0.28, 95% CI = 0.12–0.67, P = 0.004). HER2 positive 
tumors had more PCR. The median Ki67 level was not 
significantly different among responders and non-
responders; so, it seems that Ki67 level did not affect the 
patients’ response to NAC in our study. In concordance 
with other reports, our findings showed that PCR was 
more observed in non-luminal tumors than luminal ones: 
the greatest response was seen in TN tumors followed by 
HER2-enriched and luminal B tumors; luminal A tumors 
had the least PCR rate, although the reported difference 
was not statistically significant. PCR was not considerably 
different across two non-luminal subtypes. It is of note that 
the PCR rate of luminal B tumors was not substantially 
different from non-luminal ones in our study. In luminal 
B tumors, HER2 positive only had remarkably more PCR 
(3.9 folds) in comparison to patients with elevated Ki67 
levels only. Considering the findings of this study and the 
results of other reports, it can be concluded that in the era 
of targeted anti-HER2 therapy, positive HER2 status can 
reliably predict good response to NAC; also, in luminal B 
tumors, being HER2 positive might be a better predictor 
of response to NAC compared to high Ki67 levels. 

In conclusion, in our study, factors which were 
significantly associated with PCR included tumor grade, 
PR status, and HER2 status; positive PR status lowered 
the odds of pathologic response by 72%. In our patients, 
the most responsive subtypes were non-luminals; 
nevertheless, the PCR rate in luminal B patients was close 
to them, which shows NAC is an appropriate choice with 
expected good PCR in luminal B patients, especially those 
with positive HER2 status. These finding can be helpful 
in determining patients (especially those with luminal B 
tumors) who may benefit most from NAC.

The retrospective and non-randomized nature of this 
study along with its small sample size are the important 
drawbacks of this study. Moreover, defining PCR as the 
absence of invasive tumor in breast or regional nodes 
is another limitation which can cause difficulties in 
comparing the results of this study with similar ones. 
Randomized trials with more accurate data collection and 
larger sample sizes will be helpful to elucidate many of 
current controversies regarding the best patient selection 
method for NAC in breast cancer patients.
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