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Aim and objectives: To assess the effectiveness of neo-adjuvant chemotherapy and its
impact on the clinical and pathological response in locally advanced breast cancer. To
compare molecular subtypes of breast cancer with response to neo-adjuvant chemotherapy.
Patients and methods: This was a prospective study on patients who received neoadju-
vant chemotherapy for breast carcinoma for a 3-year period. A total of 60 patients who
presented with locally advanced breast cancer (LABC) were treated with neoadjuvant
chemotherapy. Forty patients were treated with the 5-fluorouracil, epirubicin, and cyclopho-
sphamide (FEC) schedule, 16 patients were treated with Adriamycin and cyclophosphamide
(AC), and four patients were treated with oral cyclophosphamide, intravenous methotrexate,
and fluorouracil (CMF). Taxol was added in all node-positive cases, triple negative breast
cancer (TNBC), and Her 2 positive cases. The clinical response was assessed with RECIST
criteria after neoadjuvant chemotherapy. The response was compared with molecular sub-
types of carcinoma breast and receptor status individually.

Results: A total of 60 female patients receiving primary chemotherapy for locally
advanced breast malignancy were studied. The median age of the patients at the time of
diagnosis was 44 years (range=24—73). In terms of menopausal status, 25 (42%) patients
were pre-menopausal and 35 (58%) patients were post-menopausal. Histological classifi-
cation showed invasive ductal carcinoma in 72% of patients, invasive lobular carcinoma in
15% of patients, and other types including mixed patterns in 13% of patients. Among 60
patients, 16 patients (26.6%) had clinically complete remission (cCR), 30 patients (50%)
had partial remission, eight patients (13.3%) had stable disease, and six patients (10%) had
progressive disease. Following neoadjuvant chemotherapy, 46 (76.6%) patient underwent
Modified radical mastectomy surgery. Target therapy was given for Her2 neu patients after
surgery. Hormonal therapy was added to hormone ER PR positive cases postoperatively.
Eight patients (13.3%) among this operated cases attained complete pathological response.
Conclusion: Preoperative chemotherapy downstages the primary tumors and axillary metas-
tasis in patients with locally advanced breast carcinoma. Comparison of molecular subtypes
with chemotherapy response is a better way to find out the predictors of response to
chemotherapy.

Keywords: ncoadjuvant chemotherapy, carcinoma breast, predictors of NACT response,
clinical and pathological response to NACT

Introduction

Worldwide, locally advanced breast carcinoma is a significant problem. Bulky
primary tumor of the chest wall with or without axillary lymph nodes is defined
as locally advanced malignancy (involvement of axillary and/or internal mammary
nodes with matting).! In metastatic disease limited to supra clavicular nodes,
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survival increased by multi-modality mode of treatment.”
After this isolated supraclavicular metastasis was included
in the stage III/LABC category.” However, in spite of
radical surgery there is reduced long-term survival due to
the high incidence of loco-regional recurrences.* In locally
advanced breast carcinoma, neo-adjuvant systemic therapy
(also called primary systemic therapy or induction ther-
apy) has become a valuable strategy. But not all patients in
this category respond well to Neo-adjuvant chemotherapy
(NACT). Only in 30% of patients does complete or partial
response occur after neoadjuvant chemotherapy. If che-
motherapy is given early for micro-metastasis, the disease
can be controlled.’

Moreover, NACT prior to surgery can make inoperable
tumor operable and increase the rate of breast conservative
surgery.’

The overall survival is improved by NACT in women
with LABC. The prognosis is better for early breast dis-
ease. It is better in axillary lymph node negative patients
than axillary lymph node positive patients.” There is poor
survival in patients with a great number of axillary lymph
nodes and higher nodal status. Patients with a larger size
breast tumor have poorer survival than small tumor
patients.”® Valagussa et al® show 5 years survival was
65% in tumors less than 5 cm. It also shows the survival
rate of 36% and 16% in breast tumors of size 5-10 cm and
more than 10 cm, respectively.

In addition to this, there is equally comparable survival
in patients treated with NACT and directly operable breast
tumor patients.”'® There are many studies which com-
pared the response to NACT with receptor status, Her2
neu, and menopausal status. If we include molecular sub-
types also in this comparison we can derive correct pre-
dictors for response to NACT.

Aim and Objectives
In our study the aim was to assess the effect of neoadju-
vant chemotherapy and its impact on clinical and patholo-
gical responses.

To compare the patients characteristic, receptor status,
and molecular subtypes of carcinoma breast with response to
NACT.

Patients and Methods

This was a prospective study on patients who received

neoadjuvant chemotherapy in carcinoma breast for
a 3-year period in Sri Ramachandra medical university

hospital in 2015. A total of 60 patients who presented

with LABC were treated with NACT. In the TNM staging
classification, LABC is represented by stage IIB (T2-N1;
T3-NO), IIIA (T0-N2; T1/2-N2; T3-N1/2), stage IIIB (T4,
NO-2) and stage IIIC disease (any T, N3). Early breast
carcinoma (less than stage 2b), metastatic breast carci-
noma, and those who missed follow-up or were not willing
to be included were excluded.

The consent for study was obtained from all patients.
A complete explanation of the study purpose and nature of
study was given to the patients. The participants were
assured that participation was voluntary and they could
withdraw from the study at any stage. We assured that the
data collected would be kept confidentially and would be
used only for research purposes. Institutional Ethics com-
mittee approval was obtained.

The standard neoadjuvant treatment regimen of 5-fluor-
ouracil, epirubicin, and cyclophosphamide (FEC) with two
schedules was used: 500 mg/m?* 5-fluorouracil, 75 mg/m?
epirubicin, and 500 mg/m? cyclophosphamide or 600 mg/
m? S5-fluorouracil, 60 mg/m* epirubicin and 600 mg/m?
cyclophosphamide, both for six cycles on a 21-day cycle.
Forty patients were treated with the FEC schedule. Other
chemotherapy schedules used included AC (Adriamycin
60 mg/m® cyclophosphamide 600 mg/m* q21 for four
cycles, 16 patients), CMF (oral
100 mg/m* on days 1-14 and intravenous methotrexate

cyclophosphamide

40 mg/m? and 5-fluorouracil 600 mg/m? on days 1 and 8,

q28 for six cycles, for four patients). Paclitaxel was added

175 mg/m? for a 3-week interval in node-positive cases.
Chemotherapy plan:

1. Triple negative/node positive with HER2 neu +
cases received AC + Taxol (16 cases)

2. Node-negative with HER2 neu negative cases,
received FEC regimen alone of six cycles (10
cases). Those patients with Her 2 Positive were
treated (24 patients) with FEC x4 cycles NACT +
Adjuvant Taxol x4 cycles. Among those who
received Taxol in the adjuvant setting, eight patients
received Taxol and Trastuzumab in the adjuvant
setting. The overall number of patients who
received FEC as NACT was 40 patients.''-'?

3. Patients who did not tolerate anthracyclines, old,
and frail patients with poor performance status
received the CMF regimen (4 patients).

Baseline patient and tumor characteristics recorded
included age, tumor stage, nodal stage, tumor grade,
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estrogen receptor (ER) status, progesterone receptor (PR)
status, and HER2-neu. Clinical assessment and Sono-
mammogram were used to assess the tumor size and
nodal status. Tru-cut biopsy was done for all patients.
Histologic grade, immunohistochemistry (IHC) for estro-
gen/progesterone expression, HER2-neu expression via
IHC or fluorescent in situ hybridization (FISH) was done
for all patients. IHC analyses were performed on formalin-
fixed paraffin-embedded tissue sections. Positive ER and
PR status was defined as at least >1% of tumor cells with
nuclear staining. Tumors were considered HER2 positive
with a score of 3+ on IHC and/or a FISH ratio of greater
than 2.0. Clinical response was assessed after three cycles
of chemotherapy and at the end of the treatment.
According to RECIST criteria tumors, size and node size
were measured after chemotherapy. RECIST 1.16 utilized
the following classifications for therapeutic response: com-
plete response (CR), primary tumor disappearance; partial
response (PR), 30% or greater decrease in longest diameter
of primary tumor; progressive disease (PD), 20% or
greater increase in longest diameter of primary tumor;
stable disease (SD), tumors that did not show either suffi-
cient shrinkage to be classified as PR or sufficient increase
to be classified as PD.

Pathological response was assessed on completion of
NACT and completion of surgery. The pCR was defined as
having no residual invasive carcinoma in the breast and no
tumor in the axillary lymph nodes. Patients with residual
ductal carcinoma in-situ (DCIS) and no evidence of resi-
dual invasive disease were included in this category.'® The
pCR rate was compared by clinical response category after
three cycles of chemotherapy. All summary statistics were
stated with 95% confidence limits. SPSS version 17 was
used to analyze statistical results. A P-value<(0.05 was
considered as a statistically significant value.

Breast cancer is broadly divided into distinct molecular
subtypes (luminal A, luminal B, HER2, and triple negative)
by gene expression profiling with prognostic significance.'*

patients who responded to chemotherapy were operated on,
and the rest of the patients (static and progressive patients)
continued chemotherapy for another three cycles and were
assessed. For paients with node positive, TNBC, and Her2
neu positive adjuvant Taxol was given. Target therapy was
given for Her2 neu patients after surgery since our study was
conducted with free medication side. Only for patients who
could afford it was target therapy added after surgery.
Hormonal therapy was added to hormone ER PR positive
cases in the post-operative period. Post-operative radiother-
apy was also given to all patients. Since not all patients were
followed-up after therapy, exact 5-year survival rate could
not be calculated.

Results

Sixty female patients receiving primary chemotherapy for
locally advanced breast malignancy were studied. The median
age of the patients at the time of diagnosis was 44 years
(range=24-73). In terms of menopausal status, 25 (42%)
patients were pre-menopausal and 35 (58%) patients were
post-menopausal . The mean tumor diameter measured clini-
cally before starting chemotherapy was 9.2 cm (range=3—
17 cm). Axillary nodal status was NO in eight patients
(13.3%), N1 in 40 patients (66.6%), and N2 in 12
patients (20%).

A histological classification was done which showed
invasive ductal carcinoma in 72% of patients, invasive
15%
types including mixed patterns in 13% of patients.

lobular carcinoma in of patients, and other
Malignancy grading before starting chemotherapy, showed
grade (1 + 2) in 21 (35%) patients and grade 3 with 39
(65%) patients. Estrogen receptors showed positive results
in 36 patients (60%) and negative results in 24 patients
(40%). Progesterone receptors showed positive results in
31 (51.6%) patients and negative results in 29 (48.3%)

patients. HER-2-neu receptor status was shown to be posi-

S ) tive in 32 patients (53.3%) and negative in 28
Our 60 cases were divided into four groups based on . o
patients (46.6%).
molecular sub-types:
. " Table | Clinical Response Rate (RECIST Criteria)'>
1. Luminal A: Hormone positive and HER2 neu- P ( )
2. Luminal B: Hormone positive and Her2neu positive | Clinical Response Frequency Percent
3. Triple negative: Hormone negative and HER2 neu- Complete Response 16 26.6%
4. HER2: hormone negative and Her2neu positive Partial Response 30 50%
No Response 13.3%
Comparison of clinical pathological response to che- | Progressive Disease 6 10%
. Total 60 100%
motherapy was also performed with these sub-groups. All
Breast Cancer: Targets and Therapy 2020:12 submit your manuscript 261
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Table 2 Pre-NACT T-Stage vs Post-NACT T-Stage
Post Chemotherapy Tumor Stage Total
TO TI T2 T3 T4
Pre-Chemotherapy Tumor Stage T2 2 0 2 0 0 4
3.3% 0.0% 3.3% 0.0% 0.0% 6.6%
T3 12 5 3 4 0 24
20% 8.3% 5% 6.6% 0% 40.0%
T4 2 10 8 4 8 32
3.3% 16.6% 13.3% 6.6% 13.3% 53.3%
Total 16 15 13 8 8 60
26.7% 25% 21.6% 13.3% 13.3% 100.0%

Note: P-value<0.05.

According to Table 1, among the 60 patients 16
patients (26.6%) had clinical complete remission (cCR),
30 patients (50%) had partial remission, eight patients
(13.3%) had stable disease, and six patients (10%) had
progressive disease.

According to Table 2, post chemotherapy 16 (26.7%)
patients had complete remission (T0). Amongst the 32
(53.3%) patients with pre-chemotherapy T4 disease, only
eight (13.3%) patients remained in T4 stage after che-
motherapy. This shows a statistically significant reduction
of T stage after chemotherapy (P<0.05). T3 disease also
responded significantly well to chemotherapy (40%
reduced to 13%).

According to Table 3, clinical examination of axilla
showed at the pre-chemotherapy stage, only eight (13.3%)
patients were in NO stage. But, after NACT, there were 40
(66.7%) patients with NO disease. Hence, 32 (53.3%)

Table 3 Pre-NACT Nodal Stage vs Post-NACT Nodal Stage

Post- Total
Chemotherapy
Nodal Stage
NO NI N2
Pre-Chemotherapy Nodal | NO | 8 0 0 8
Stage 13.3% | 0.0% | 0.0% | 13.3%
NI | 26 14 0 40
43.3% | 23.3% | 0.0% | 66.7%
N2 | 6 2 4 12
10.0% | 3.3% | 6.7% | 20.0%
Total 40 16 4 60
66.7% | 26.7% | 6.7% | 100.0%

Note: P-value<0.05.

patients had a complete nodal response after chemotherapy.
In addition to this, N2 stage disease was in 12 (20%) patients
(pre-chemotherapy), which reduced to four (6.7%) patients
after chemotherapy. This is statistically significant, with
P<0.05. Comparatively, N1 disease also responded well
with chemotherapy (66.7% reduced to 26.7%).

According to Table 4, after NACT the response rate
50 years, with
a P-value<0.05. The NACT response rate was better in

was good in those aged over
the post-menopausal group than in the premenopausal
group, with a P-value<0.05. ER positive patients had a
better clinical response rate than ER negative patients for
NACT (P-value<0.05). But there was no statistical differ-
ence in PR status and HER2-neu status in view of response
rate after NACT (P=0.385 and P=0.309). According to
tumor grade, complete and partial response were better in
low grade (1 and 2) tumors than high grade tumors (3), but
it was not statistically significant (P=0.143). While com-
paring the response rate to the tumor histology, invasive
ductal CA has a significant response over other types
(P<0.05).

While analyzing the number of molecular subtypes of
our cases there were 19 (31.6%) Luminal A cases and 22
(36.6%) luminal B cases, nine (15%) triple negative cases,
and 10 (16%) HER 2 cases were identified.

According to Table 5, complete response was 45% in
Luminal B, and it is statistically significant (P<0.05). But
partial response is high (P-value >0.05) in Luminal
A cases (68.5%).

If we combined both partial and complete response to
chemotherapy, clinical response is good in luminal
A (90%) compared to luminal B (77%). In TNBC, total
clinical response is 78%. While comparing complete
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Table 4 Post-NACT Response Rate Compared with Age, Menopausal State, ER, PR Her2neu, Tumor Grade, and Tumor Histology

(Percentage within Group)

Complete Partial Stable Progressive Total
Response Response
Age <50 1 (2.7%) 23 (63.8%) 6 (16.6%) 6 (16.6%) 36
(P<0.05) 51 and above 15 (62.5%) 7 (29%) | (4%) | (4%) 24
Menopausal state
Pre- menopausal 4 (16%) 10 (4%) 5 (2%) 6 (24%) 25
(P<0.05) Post- menopausal 12 (34.2%) 20 (57%) 3 (8.5%) 0 (0%) 35
ER status
(P<0.05) Positive 14 (38.8%) 20 (55.5%) 2 (5.5%) 0 (0%) 36
Negative 2 (8.3%) 10 (41.6%) 6 (25%) 6 (25%) 24
PR status
(P=0.385) Positive 10 (32.2%) 16 (51.6%) 3 (9.6%) 2 (6.4%) 31
Negative 6 (20.6%) 14 (48.2%) 5(17.2%) 4 (13.7%) 29
Her2 -neu
(P=0.309) Positive 10 (31.2%) 17 (53%) 3 (9.3%) 2 (6.2%) 32
Negative 6 (21.4%) 13 (46.4%) 5 (17.8%) 4 (14.2%) 28
Grade
(P=0.143) | and 2 6 (28.5%) I (52%) 3 (14.2%) 1 (4.7%) 21
3 10 (25.6%) 19 48.7%) 5 (12.8%) 5 (12.8%) 39
Histology
(P<0.05) Invasive ductal CA 14 (32.5%) 22 (51%) 5 (11.5%) 2 (4%) 43
Invasive lobular CA 0 (0%) 5 (55.5%) I (11%) 3 (33.3%) 9
Others and mixed 2 (25%) 3 (37.5%) 2 (25%) 1 (12.5%)

pathological response (pCR) in this sub-group shows
22.2% of triple negative patients and 15.7% of luminal A
patients had good response, which is not statistically sig-
nificant (P>0.05)

Following NACT, 46 (76.6%) patients underwent mod-
ified radical mastectomy surgery. All patients had axillary
lymph node dissection (ALND). The other 14 patient
continued their cycles of chemotherapy.

Among the operated cases eight patients (13.3%)
attained pCR. Although 16 patients (26.6%) had complete
clinical response (cCR), eight patients had residual disease
in pathological specimens. At follow-up we found 5 year
survival of these eight pCR patients was 100%.

Discussion

Usage of NACT in LABC is very effective. In our
study, the overall clinical response rate was 76.6%
(complete + partial). In patients who achieved complete
clinical response, residual tumor might still persist
histologically.'™® In our study, 16 patients (26.6%)

had cCR. Eight of them (13.3%) had pCR, and the
other eight (13.3%) had residual disease histologically.

While comparing with another study, complete clinical
response in our study (26.6%) was comparable with
Alvarado et al,19 which showed a cCR of 12%, and
Garbhi olfa et al,’® which showed a cCR of 14%. The
partial response rate in our study was 50%. In Alvarado et
al and Garbhi et al it was 28% and 49%, respectively. pCR
was 13.3% in our study, while it was 8% and 7% in
Alvarado et al and Garbhi et al, respectively.

In Garbhi et al, the clinical response rate was assessed
by univariate analysis: 63% in ER-positive tumors, 84% in
ER-negative, 59% in PR-positive, 62% in PR-negative,
64% in HER2-positive, and 62% in HER 2 negative.
These results were comparable to our study. In our study
group the clinical response rates by each factor were as
follows: 94% in ER-positive tumors, 50% in ER-negative,
83.8% in PR-positive, 68.8% in PR-negative, 84.2% in
HER2-positive, and 87.8% in HER2-negative after three
cycles of chemotherapy.

Breast Cancer: Targets and Therapy 2020:12
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Table 5 Clinical and Pathological Response in Molecular Sub-types

Luminal A Luminal B TNBC HER2 P-value
(19) 31.6% (22) 36.6% (9)15% (10)16%
Complete response (16) 4 (21.1%) 10 (45.5%) 2 (22.2%) 0 0.046
(<0.05)
Partial response (30) 13 (68.4%) 7 (31.6%) 5 (55.6%) 5 (50%) 0.133
(>0.05)
Total response 17 (90%) 17 (77%) 7 (78%) 5 (50%) 0.126
(>0.05)
Static disease (8) 2 (10.5%) 3 (13.6%) 0 3 (30%) 0.270
(>0.05)
Progressive disease (6) 0 2 (9.1%) 2 (22.2%) 2 (20%) 0.192
(>0.05)
Pathological response (8) 3 (15.7%) 3 (13.6%) 2 (22.2%) 0 0.324
(>0.05)

Del Prete et al’!

positive tumors, which is similar to our study.

shows good pathological responses of ER

In our study there was no significant difference in
response rate in PR receptor status or Her2-neu status. In
Miglietta et al,* a good response was seen with Her2-neu
over-expressed tumors. Resende et al*® showed no rela-
tionship with HER2-neu status of the patients. In our
study the post-menopausal group and those aged above
51 had a better clinical response (P<0.05) than those who
were pre-menopausal and those aged below 50 years.
Resende et al*> shows no relationship with menopausal
state. Del Prete et al*' showed good pathological response
in premenopausal patients.

In our study, there is no statistically significant differ-
ence in grade of the tumor and clinical response. Overall
clinical response was 80.5% in low grade (1 and 2) and
74.3% in high grade tumors. In contrast, Awad et al
showed better responses in rapidly proliferating tumors
with a higher grade.”* Resende et al*® also showed good
response in high grade tumors.

While comparing clinical response and histological types,
our study shows a more statistically significant clinical
response in invasive ductal carcinoma than other types
(P<0.05). Similarly, Beresford et al*> reported a highly sig-
nificant clinical response in patients with invasive ductal
carcinoma. In addition to this, Alawad** also showed 72
out of 76 patients diagnosed as invasive ductal carcinoma
achieved a clinical response (complete or partial) to NACT.
In Alawad, no lobular carcinomas had a complete pathologi-
cal response to NACT. From this we can understand that
histological type in breast carcinoma may play an important

role in predicting the degree of clinical response to NACT.

While comparing this study based on molecular sub-
types, Luminal B tumor had a complete clinical response
(45%), but total clinical response was better in Luminal
A (90%) tumors than Luminal B (only 77%). This shows
hormone positive, HER negative tumors will have good
clinical response to NACT. Luminal A and Her2 patients
had no progressive disease when compared to other
groups. In addition to this, triple negative patients had
a higher total clinical response in 78% of patients.

Pathological response is more valuable than clinical
response, since it shows the histology proof for response.
The pathologic complete response (pCR) after NACT is
probably most predictive with respect to long-term treat-
ment outcomes.*®

The triple negative tumor is basically ER/PR negative,
and evidence suggests that the negative hormone receptor
status is one of the strongest predictive markers associated
with the higher likelihood of pCR to NACT.*"** In our
study, triple negative patients had a good pathological
response (22.2%) followed by Iluminal A patients
(15.7%). In Kim et al,* the cPR rate was high in triple
negative patients (21.1%), which is comparable to our
study. In their study triple negative and Her 2 were more
sensitive to NACT.

Incorporation of Trastuzumab with neoadjuvant che-
motherapeutics is a promising alternative for the HER2
subtype.*® Phung et al*' shows neoadjuvant treatment with
trastuzumab and chemotherapy combined in patients with
HER2 positive breast cancer yielded a pathological com-
plete response rate of 64.1%.

In our study, due to logistic reasons, Trastuzumab was
not given as NACT, and it was given only in the adjuvant
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setting. If we add it as a neo-adjuvant regimen it might
improve the response rate in HER2 cases.

Conclusion

The preoperative chemotherapy (NACT) downstages the
primary tumors and axillary metastasis in patients with
LABC to operable tumors. The anthracycline-based che-
motherapy along with Taxol gives good clinical and patho-
logical responses in locally advanced breast CA. Though
clinical response varies in tumor sub-types, pathological
response is good in triple negative and Luminal A patients.
Comparison of molecular sub-types with chemotherapy
response is a better way to find out the predictors of response
to chemotherapy. Adding Trastuzumab in NACT would
improve the response rate in Her2 cases. Further studies
with a larger number of cases are needed to come to the
conclusion for predictors in molecular sub-types for NACT.
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