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Abstract
Background: Neoadjuvant chemotherapy is the standard treatment for patients with locally advanced breast cancer which was
recently introduced for operable breast cancer especially to achieve negative margins in breast conservation. Several studies have
shown that Pathologic complete response (pCR) after neoadjuvant chemotherapy increases survival rate. The aim of this study
therefore, was to evaluate the rate of pathologic complete response and its effective factors in breast cancer research center (BCRC).
Methods: During a cross-sectional study, 179 patients with stage I to III breast cancer, who received neoadjuvant chemotherapy
in breast cancer research center from 1997 to 2014, were included. Cases with pathologic complete response were defined as no
tumor residue in the breast tissue and axillary region. This group of patients was compared with patients who had residual tumor
at pathology. Data were analyzed by descriptive and inferential statistics using SPSS 19.
Results: The mean age of patients was 45.4 years. Thirty-four patients (19%) were identified in the pathological complete response
group (pCR). There was no significant difference between the pCR and non-pCR groups with respect to Age, Menopausal status,
Family history of breast cancer, Tumor size, Histological type, Hormone receptors, Her-2neu and Phenotypic subtypes. However,
ki67 index was significantly different between the two groups of patients, indicating that in patients with Ki67 of more than 40, pCR
was the most observed (P = 0.01).
Conclusions: This study showed that among the demographic, clinical, pathological and therapeutic factors, Ki67 can be a predicting factor for pathologic complete response after neoadjuvant chemotherapy.

Keywords: Breast Neoplasms, Neoadjuvant Therapy, Ki67

1. Background
Neoadjuvant chemotherapy (NAC) or primary
chemotherapy was proposed for the first time in 1970
for the treatment of patients with locally advanced breast
cancer who had in-operable tumors. Subsequent studies
including national surgical adjuvant breast and bowel
project (NSABP) 18 showed that chemotherapy before
surgery increases the chance of breast conservation and
as such, can be introduced for tumor size reduction in
operable patients.
Although the primary goal of treatment was operability, but further studies demonstrated that overall and disease free survivals were equal in patients who had surgery
before chemotherapy. The most important findings of
these studies are NSABP B-18T, European organization for
research and treatment of cancer (EORTC) 10902 and Eu-

ropean cooperative trial in operable breast cancer (ECTO)
in which NAC and adjuvant chemotherapy were compared.
Thus, it was shown that the overall survival was similar and
the chance of breast conservation was high; however, morbidity was low in NAC group. These findings were published in a Meta-analysis in 2005 (1).
One of the potential advantages of NAC chemotherapy
is that it treats the systemic micro- metastatic disease from
the beginning. Also, it helps in the investigation of the
effect of chemotherapy drugs and new treatment strategies in clinical trials. The neoadjuvant trial model provides rapid assessment of short-term drug efficacy utilizing pathologic complete response as the primary endpoint
(2).
Although approximately 70% of patients show response in clinical examination and imaging, but only 3% 30% show pathologic complete response (pCR) according
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to previous studies. The rate of this response helps in determining the patients’ prognosis and as such, pCR can improve disease free (3-6).
In a meta-analysis, the results of 12 clinical trials in patients who were treated with NAC showed that pCR after
NAC is an important factor to improve disease free survival
and this survival benefit was obtained in all subtypes of
breast cancer. However, this relationship was stronger in
patients with high-grade tumors than patients with low or
intermediate grade with positive hormone receptor (7).
According to the RECIST (response evaluation criteria in solid tumors) used for evaluating the response of
solid tumors a reduction of at least 30% in tumor size
is considered as the treatment response. These tumors
could be evaluated using imaging techniques such as computed tomography (CT) scan, magnetic resonance imaging
(MRI) and ultrasound (US) before and after treatment (8).
But pathologic response is the most preferred method in
breast cancer. Different studies have distinct definitions
for pCR, but typically, pCR is defined as: 1) the absence
of invasive tumor in the breast tissue and 2) cancer cells
not found in the lymph nodes. In situ carcinoma is not
considered as residue because various studies have shown
that it had no effect on survival (3). However, the predictors of complete response to NAC are not absolutely clear.
According to previous studies, tumors with high proliferation rate and without hormone receptors expression
are more sensitive to chemotherapy and are more likely
to be in pCR group. In contrast, well differentiated tumors with low proliferation rate and expression of hormone receptors are less likely to show pCR (2). Ring et al.
(9) reported that patients with negative estrogen receptor
were more likely to achieve pCR than patients with positive estrogen receptor. In a study by Andrade et al. (10) in
which Adriamycin-Cyclophosphamide chemotherapy regimen and subsequently paclitaxel were used, pCR was observed in 17% of patients especially in triple negative cases.
Similar results have been reported in studies by Arvil et al.
and Ring et al. (8, 9).
Several studies have been conducted to identify the
predictor factors of pCR after NAC, however, the value of
them is still uncertain, as there are some conflicting results
in the literature. Therefore, the aim of this study was to assess the rate of pCR after NAC and factors affecting its rate
in breast cancer patients who were referred to the breast
cancer research center (BCRC) in Tehran, Iran.
2. Methods
This retrospective study was conducted on patients
with breast cancer who referred to breast cancer research
center (BCRC), Motamed cancer institute affiliated to Jahad
2

Daneshgahi (ACECR), Tehran, Iran, during a sixteen-year
period (2007 - 2013). Inclusion criteria were stage I to III
patients who had received NAC and underwent breast and
axillary surgery at BCRC. Subjects with distant metastasis
and also cases with inaccessible pathology results were excluded. Patients with absence of invasive tumor residue in
the breast and axillary tissue were in group pCR and those
with invasive residue in their tissue were divided in group
non-pCR. The two groups were compared in terms of age,
menopausal status, family history of breast cancer, tumor
size before NAC (based on ultrasound or physical examination), tumor histology, grade, hormone receptor status including Estrogen receptor (ER) and Progestrone receptor
(PR), Her2neu (Human epidermal growth factor receptor),
Ki67, phenotypic subtype, type of chemotherapy regimen
and the number of NAC courses. This study was accepted in
scientific committee of BCRC and received the ethics committee approval (code No.IR.ACECR.IBCRC.REC.1394.59).
2.1. Statistical Analysis
Based on the similar projects’ results (11), by estimating pCR rate of 17% (p), q = 0.83, D = 0.04, and power of
95%, the number of required patients was approximated
338 persons who received neoadjuvant chemotherapy.
P value < 0.05 was considered significant. Data analysis was performed using descriptive statistics (means and
standard deviation) and categorical data were compared
by t-test, chi square and fisher exact test, using SPSS 20 software.
3. Results
The information about 2,517 breast cancer patients
since 1997 to 2013 were recorded in the database of BCRC,
of them, 363 subjects had received NAC. Fifty-four patients with distant metastasis and 130 cases with incomplete data (pathology report and Immunohistochemistry
results) were excluded. Overall, the data of 179 cases were
analyzed. Thirty-four patients (19%) were enrolled in the
pCR group and 145 patients (81%) in the non-pCR group. The
median follow-up time was 22.1 months. The mean age of
patients was 45.4 ± 10.4 years (25 - 75) and the mean of body
mass index (BMI) was 28.16 ± 4.48. Five percent of patients
had a positive family history of breast cancer in first and
second degree relatives.
The clinical and pathological characteristics of patients are shown in Table 1.
The comparison of the clinic pathological characteristics between the two groups, pCR and non-pCR, is shown in
Table 2.
The mean of Ki67 was 50.27 in pCR group and 31.09 in
non-pCR group. There was a significant difference in terms
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Table 1. Clinical and Pathological Characteristics of Patients (n = 179)
Variable

Table 2. The Comparison of the Clinic Pathological Characteristics Between the Two
Groupsa
No. (%)

Tumor size
T1
T2

8 (5.2)
54 (35.3)

T3

62 (40.5)

T4

29 (19)

Variable

pCR Group

Non Pcr Group

P Value

Age, y

42.27 ± 10.19

46.11 ± 10.39

0.056

BMI, kg/m2

27.81 ± 4.24

28.23 ± 4.54

0.64

Negative

33 (97.1)

137 (94.5)

Positive

1 (2.9)

8 (5.5)

Pre menopause

28 (82.4)

96 (70.1)

Post menopause

6 (17.6)

47 (32.9)

II

≤5

10 (40)

52 (40.6)

III

>5

15 (60)

76 (59.4)

Invasive ductal
carcinoma

30 (93.7)

130 (94.9)

Invasive lobular
carcinoma

2 (6.2)

7 (5.1)

I

1 (4.8)

11 (8.7)

II

19 (90.50)

77 (60.9)

III

1 (4.8)

39 (30.7)

Negative

12 (40)

43 (32.8)

Positive

18 (60)

88 (67.2)

Negative

14 (46.7)

59 (45)

Positive

16 (53.3)

72 (55)

Negative

17 (60.7)

69 (57.5)

Positive

11 (39.3)

51 (42.5)

Taxane-based

24 (72.7)

99 (73.3)

Non taxane-based

9 (27.3)

36 (26.7)

6.50

5.93

≤ 40

4 (36.4)

34 (75.6)

> 40

7 (63.6)

11 (24.4)

7 (28)

18 (72)

12 (8.1)
96 (64.9)

0.95

Tumor size, cm

40 (27)

Stage

0.082

Menopausal status

Grade
I

0.53

Family history

0.91

Tumor histology
II

34 (23.4)

III

111 (76.6)

Tumor histology
Invasive ductal carcinoma

159 (94.7)

Invasive lobular carcinoma

9 (5.3)

Type of surgery
Mastectomy
Breast conserving

106 (64.2)

55 (34.2)

Positive

106 (65.8)

0.756

HER 2neu

Progestrone receptor
Negative

73(45.3)

Positive

88(54.7)

86 (58.1)
62 (41.9)

0.94

Chemotherapy regimen

Her2 new

Positive

0.872

Progesterone receptor

Negative

Negative

0.45

Estrogen receptor

59 (35.8)

Estrogen receptor

0.026

Tumor grade

Mean of Chemotherapy
courses

0.013

Ki67

Subtypes
luminal

99 (55.3)

HER2+

24 (13.4)

TNBC*

25 (14)

Triple negative

Unknown

31 (17.3)

HER2 over-expression

5 (20.8)

19 (79.2)

Luminal group

16 (16.2)

83 (83.8)

Unknown

6 (19.4)

25 (80.6)

of Ki67 level (P = 0.01) in that, pCR was more observed in
patients with Ki67 of more than 40 as compared with Ki67
of less than 40. Also, there was a significant difference in
terms of tumor grade between the two groups (P = 0.02).
In the other words, pCR was less observed in patients with
higher grades. The stage of disease and the number of involved lymph nodes were not considered in the study variables, because these variables were evaluated after NAC.
Furthermore, ER, PR, HER2 data were available for 148
Int J Cancer Manag. In Press(In Press):e60098.

0.334

Phenotypic subtype

a

0.23

Values are expressed as mean ± SD or No. (%).

patients. The pCR rate was compared in these patients in
terms of different phenotypic sub-types such as Triple Negative or TNBC (ER-/PR-/HER2-), HER2 over expression (ER/PR-/HER2+) and Luminal group (ER+/PR+/HER2-). There
was no significant difference between pCR and non-pCR
groups based on phenotypic subtypes (P = 0.334).
3
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4. Discussion
The results of this study showed that pCR was the most
observed in tumors with higher Ki67 and as such NAC may
be more beneficial to these patients.
Several studies have shown that NAC is more effective
in patients with pCR. In a histological evaluation, pCR was
defined as absence of tumor residual in breast tissue and
axilla. Clinical response evaluation is less judicable and depends on the examiner. But evaluation of pathologic response is measurable and could strongly indicate pCR or
non-pCR. In this study, pCR was considered owing to its
high accuracy. Several studies have reported pCR rate to be
3% - 16% and clinical response to be 50% - 70% (5, 12, 13). In
the present study, pCR rate was 17% in terms of lack of invasive residual in the breast tissue and lymph nodes. Thus,
this result is in line with those of similar studies (1). pCR
was observed in 29.1% of breast tissue and 40.7% of axillary
lymph nodes.
The mean and median ages were 45.4 and 45 years, respectively. There was no significant difference between the
two groups in terms of age, indicating that age is not a
determining factor for predicting pathological response.
This result is in agreement with most studies (2, 14).
Seventy percent of patients were premenopausal at the
time diagnosis which is acceptable according to the mean
age. There was no significant difference between the two
groups in terms of menopausal status.
In a study conducted by Migllieta et al. (14) in Italia,
55 patients with locally advanced breast cancer were evaluated. According to their results, the median age was 55
years and 38% of the patients were premenopausal.
In the present study, 29.9% of the patients were diagnosed with invasive ductal carcinoma, 5.3% were lobular
carcinoma and 1.8% were inflammatory carcinoma. Most
studies have demonstrated similar results (3, 10).
The tumor grade distribution includes 64.9% for grade
II and only 8.1% for grade I. There was a significant difference between the two groups in terms of tumor grade. In a
study by von Minckwitz et al. (15), the higher tumor grade
was associated with higher pCR rate and this is not in agreement with the results of the present study. Also, the results
of Migllieta et al. (14) are not in line with the findings of the
present study.
Sixty-six percent of the patients were ER positive and
34% of the patients were ER negative. There was no significant difference between the two groups in terms of estrogen receptor. This difference was not significant even after the combination of estrogen and progesterone receptors as hormone receptors status. In this study, the positivity and the negativity of estrogen receptors were evaluated without considering the degree or intensity of posi4

tivity. This could be one of the reasons for the different results obtained in the present study. Several studies have
shown an inverse association between hormone receptors
and pCR rate. In ECHO’s trial, estrogen receptors status
was the only effective factor on pCR. Thus this result is in
agreement with those obtained by Berry et al. (6), Colleoni
et al. (16) and Migllieta et al. (14). In numerous studies,
receptors were not evaluated singly, but the phenotypic
sub types of breast cancer were considered. Andrate et
al. could not find an association between hormone receptors and pCR rate. But based on sub-groups categorization
of patients, triple negative breast cancer patients had the
most pCR rate. This finding is in contrast with the results of
the present study. However, they considered residual carcinoma in situ as non-pathologic response.
Other effective predictor factor of pCR is HER2 receptor. HER2 positivity is considered when the result is +3 or
when the FISH or CISH test result is in the indeterminate
situation (HER2 = 2+). In this study, there was no significant relationship between HER2 receptor and pCR. The results of HER2 were not available in 31 patients. Migllieta et
al. (14) showed that the pCR rate was 54% in 55 locally advanced breast cancer patients. In their study, the sample
size was lower than other studies and the patients achieved
more pCR. They could not find any association between
hormone receptors and tumor grade with PCR, but an association between HER2 receptors and Ki67 of more than
20% was found.
In the present study, the mean of NAC courses was 6 (3
- 8 courses). 81.2% of the patients received 6 or more than 6
NAC courses, which explain the relatively equal treatment
in terms of NAC courses. No significant difference was
found between the two groups in terms of NAC courses. In
a study by Migllieta et al. (14) 54% of patients received less
than 4 NAC courses and there was no significant difference
in terms of pCR and chemotherapy courses.
Seventy-four percent of patients received taxane-based
regimen, which contains 4 courses of Adriamycin, Cyclophosphamide and then paclitaxel. In 27% of the
patients chemotherapy regimen was non taxane-based
and includes ACE (Adriamycin, Cyclophosphamide and
Epirubucin), CF (Cyclophosphamide, Fluorouracil) and
CMF (Cyclophosphamide, Methotrexate, Fluorouracil). In
this study, taxane-based and non taxane-based chemotherapy regimen had no effect on pathologic response.
Several studies have shown that pCR rate have doubled
by the addition of taxane to standard regimen containing
anthracyclin. The different results obtained in the present
study could be due to the less sample size.
Furthermore, in the present study, the mean of Ki67
level was 34.8 and the median was 25 (1 - 90). There was a
significant difference between the Ki67 level and pCR rate.
Int J Cancer Manag. In Press(In Press):e60098.
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This indicates that tumors with Ki67 expression of more
than 40% had significantly more pCR rate than tumors
with Ki67 expression of less than 40%. Ki67 is an antigen
that is expressed in all phases of cell cycles except G0 and
shows the tumor cell proliferation rate. Numerous studies have shown the relationship between Ki67 rate and the
outcome of breast cancer, as well as NAC response (17, 18).
Chemotherapy is more effective against tumors with
higher proliferation rate which was confirmed in the
present study. Therefore, ki67 expression can be introduced as an acceptable index for predicting the pCR rate
after NAC.
There was no significant difference between the two
groups after categorizing the patients based on phenotypic sub types, such as Triple Negative, HER2 overexpression and Luminal (A or B) groups; although pCR rate
was 16.2% in Luminal group as compared with 28 and 20%
pCR rates observed in TNBC and HER2+ patients, respectively. The Luminal A and B groups were merged due to absence of Ki67 data in the medical reports of patients.
Xiaoxian et al. (19) reported 104 pCR among 237 cases
who received neoadjuvant chemotherapy (43.9%). Among
229 cases with available biomarker information, 72 were luminal, 79 were HER2 and 78 were TNBC. They found that
pCR was significantly higher in HER2 and triple-negative
subtypes (58.2 and 47.4%, respectively) as compared with
luminal subtype (27.8%). Also, they reported a strong correlation between pCR and Ki67 score both as a categorical variable (specifically when < 15% was set as the threshold for defining high proliferation index) and as a continuously increasing variable. These findings are similar to
those of other studies.
However, their results of the correlation between pCR
and breast cancer subtypes are different from findings of
the present study. This difference may be related to the use
of anti-HER2 therapies in the neoadjuvant setting. Also, the
ratio of luminal, HER2+ and TNBC is different in their study,
indicating that, in this study, the distribution of patients
were nearly equal between the three groups, but the luminal subtype composed more than 50% of our patients.
From a biological standpoint, the relatively low pCR
rates in the HR+/HER2– group strengthen the existing evidence that majority of these tumors are generally resistant
to chemotherapy, and that efforts should be focused on alternative approaches of treatment and exploring ways to
overcome this chemotherapy resistance. In addition, recent studies have demonstrated that patient outcomes are
generally good for this subgroup of patients whether they
achieve a pCR or not, indicating that the achievement of
pCR may not be prognostic for survival for this particular
breast cancer subtype. Von Minckwitz et al. (15) suggested
that pCR may not be a suitable endpoint for the luminal
Int J Cancer Manag. In Press(In Press):e60098.

subtypes. Specifically, they found that in low-proliferative
subgroups (which included lobular histology, grade 1 and
hormone receptor positive tumors), pCR conferred no predictive power in disease-free or overall survival. Thus this
is in contrast with the high-proliferative subgroup (which
included ductal histology, grade 2/3, and hormone receptor negative tumors) in which pCR was associated with improved disease-free and overall survival.
Houssami et al. (11) in their meta-analysis of 30 studies that comprised 11,695 patients, estimated that pCR occurred in 8.3% of hormonal receptor positive HR+/HER2–,
18.7% of HR+/HER2+, 38.9% of HR–/HER2+, and 31.1% of triple
negatives. In 3 groups model (30 studies), the overall
pooled estimate of pCR% was 18.9% excluding subjects with
unknown subtype, and tumor subtype was strongly associated with pCR% (P < 0.0001).
The limitations of this study included the small sample
size, the lack of patients’ information and tumor characteristics such as hormone receptors, HER2 and Ki67. Studies with larger sample size and follow-up of patients to
evaluate the overall and disease free survival is recommended.
The aim of this study was to assess the rate of pCR after
NAC and to evaluate impacting factors in breast cancer patients who were referred to the breast cancer research center. Our findings showed that pCR was significantly associated with the level of Ki67 expression which is an indicator of tumor proliferation. Pathologic complete response
can be considered a reasonable factor for predicting tumor
response and prognosis of the patients. Longer follow-up
of the patients to compare survival between pCR and nonpCR groups is recommended.
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