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Purpose: In the present study, we aimed to evaluate the initial tu-
mor location as a prognostic factor in breast cancer patients
treated with neoadjuvant chemotherapy (NAC). Methods: Be-
tween March 2002 and January 2007, a total of 179 patients
with stage II/lll breast cancer underwent NAC followed by breast
surgery. Using physical and radiologic findings, patients were
grouped by their initial tumor location into inner/both quadrant
(upper/lower inner quadrant involvement +/- multicentric tumor
involving outer quadrant; n=97) and outer quadrant (n=82) tu-
mor groups. All patients received neoadjuvant docetaxel/doxo-
rubicin chemotherapy. One hundred two patients underwent
modified radical mastectomy and 77 patients underwent breast-
conserving surgery. Adjuvant radiotherapy (RT) and hormonal
therapy were administered after surgery when indicated. While
156 patients underwent postoperative RT, 23 did not. The medi-
an follow-up duration was 61.1 (12-106) months. Results: The
5-year disease-free survival (DFS) and overall survival rates of all

patients were 74.8% and 89.9%, respectively. Patients with in-
ner/both quadrant tumors had lower 5-year DFS than those with
outer quadrant tumors (67.7% vs. 83.4%, respectively; hazard
ratio [HR]=1.941, p=0.034). A nodal ratio >25% was also an
independent adverse prognostic factor for DFS (HR=3.276;
p<0.001). There was no significant difference in DFS (p=0.592)
after RT on the internal mammary node (IMN). Treatment failed in
44 out of 179 patients (24.6%), of which 27 patients had inner/
both quadrant tumors. Twenty-one out of 27 patients had distant
failures. Conclusion: Among breast cancer patients treated with
NAC, those with inner/both quadrant tumors had lower DFS
than those with outer quadrant tumors. More aggressive neoad-
juvant and/or adjuvant chemotherapy with IMN RT is required for
improved disease control and long-term survival.
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INTRODUCTION

Neoadjuvant chemotherapy (NAC) has several advantages
over adjuvant chemotherapy in patients with breast cancer.
For advanced stage breast cancer, NAC can, theoretically, de-
crease subclinical distant metastasis, and several studies have
shown improvement in surgical options [1-3]. These benefits
have changed the treatment regimens in breast cancer and
have raised many questions concerning the factors that ac-
count for prognosis [4]. Before the NAC era, a number of
variables including axillary lymph node metastasis, nodal ra-
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tio, tumor size, and tumor location were reported as prognos-
tic variables for disease related survival. However, the imple-
mentation of NAC for breast cancer treatment has necessitat-
ed the re-evaluation of pre-existing prognostic factors; among
these factors, a number of variables have been evaluated in the
NAC setting and showed clinical significance. However, the
prognostic role of tumor location has not been evaluated in
breast cancer patients who underwent NAC. According to
previous reports, in patients with breast cancer, a tumor in the
inner/both quadrants has long been regarded as a worse prog-
nostic factor for survival than a tumor in the outer quadrant
[5-8].

In the present study, we evaluated the prognostic signifi-
cance of tumor location in breast cancer patients treated with
NAC.
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METHODS

Between March 2002 and January 2007, a total of 179 breast
cancer patients who underwent NAC treatment were retro-
spectively analyzed. The eligibility criteria were breast cancer
diagnosis pathologically confirmed via core needle biopsy;
initial clinical stage II or III with lesions measurable by com-
puted tomography (CT) and/or magnetic resonance imaging
(MRI); normal bone marrow; and intact hepatic, cardiac, and
renal functions. The NAC regimen consisted of docetaxel (75
or 60 mg/m?*) and doxorubicin (60 or 50 mg/m?) by intrave-
nous infusion every 3 weeks for three cycles. Subsequently,
patients underwent curative surgery with either breast-con-
serving surgery (BCS) or modified radical mastectomy
(MRM) with axillary lymph node dissection. Following the
surgery, patients received three cycles of docetaxel and doxo-
rubicin chemotherapy followed by radiation and/or hormonal
therapy, if indicated. Radiotherapy (RT) was administered dif-
ferently depending on the surgical method used. The patients
who underwent BCS received a total dose of 50.4 Gy at 1.8 Gy
per fraction with five fractions per week to the whole breast,
followed by an electron boost of 10 Gy to the initial tumor
bed. In patients who underwent mastectomy, the target vol-
ume included the chest wall and the regional lymph node area
and the same dose schedule was applied. The patients who
underwent mastectomy did not receive a boost to the tumor
bed. RT was delivered to the internal mammary nodes (IMN)
when they were clinically or pathologically involved. IMN RT
was considered as a treatment option in multicentric tumors
that were possibly aggressive. Adjuvant hormonal therapy was
administered according to hormone receptor and menopausal
status. Premenopausal women were treated with tamoxifen
for 5 years, and postmenopausal woman were treated with an
aromatase inhibitor or sequential tamoxifen followed by an
aromatase inhibitor.

Examination of clinical and pathologic findings

We divided the patients into two groups according to the
location of their tumors during the initial physical examina-
tion and according to CT and/or MRI images. The inner/both
quadrant group included patients with tumors involving the
upper/lower inner quadrant +/— multicentric tumor involving
the outer quadrant, and the outer quadrant group included
patients with tumors involving the upper/lower outer quad-
rant only.

In addition to tumor location, we evaluated the prognostic
values of pathologic findings and treatment characteristics.
Among the pathologic findings, we evaluated tumor size,
lymph node status, nodal ratio, and estrogen receptor and/or
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progesterone receptor status. The cutoff value of nodal ratio
was determined according to the result from a previous study
conducted at our institution, which showed a difference be-
tween relapse-free survival and overall survival (OS) by a
nodal ratio of 0.25 [9]. For analysis, pNO was included in the
group with a nodal ratio <0.25. Among the treatment charac-
teristics, hormonal therapy and IMN RT were evaluated. Ad-
ditionally, we evaluated initial clinical stage and pathologic
complete response (pCR) including ductal carcinoma in situ.
We defined pCR as no residual invasive tumor in the breast.
Only tumors with residual intraductal carcinoma were in-
cluded in the pCR group. This study protocol was reviewed
and approved by the Institutional Review Board (H-1108-
055-373).

Statistical analysis

The characteristics of the inner/both quadrant group and
outer quadrant group were compared using the Pearson chi-
square test. Local recurrence was defined as recurrence at the
ipsilateral residual breast or chest wall. Regional recurrence
was defined as ipsilateral axillary and/or supraclavicular and/
or IMN recurrence. Distant metastases included contralateral
breast recurrence and other distant organ metastases. Disease-
free survival (DFS) was defined as the interval between the
date of initial NAC and the date of any disease recurrence. OS
was defined as the period from the date of NAC to the date of
death. The Kaplan-Meier method was used for the assessment
of disease-free, locoregional recurrence-free, distant metasta-
sis-free, and overall survival. We used the log-rank test for
univariate analysis in different patient groups. The variables
identified by univariate analysis as statistically significant were
included in the multivariate analysis using the Cox propor-
tional hazards regression model. All p-values <0.05 were
considered statistically significant. All statistical analyses were
performed using the SPSS version 18.0 software (SPSS Inc.,
Chicago, USA).

RESULTS

Treatment outcome

In the present study, 179 patients with a median age of 46
(28-69) years received NAC. Of these, 82 patients had outer
quadrant tumors and 97 patients had inner/both quadrant tu-
mors. Patients and treatment characteristics according to tu-
mor location are summarized in Table 1.

All patients received a total of six cycles of docetaxel and
adriamycin chemotherapy, which was administered in two
parts as three cycles before and three cycles after breast sur-
gery. NAC did not cause any significant toxicity thereby cir-

http://ejbc.kr



396

cumventing any dose reduction or treatment delay. The me-
dian interval time from the last day of NAC to surgery was 25
(8-71) days. One hundred two patients underwent MRM and
77 patients underwent BCS. Positive or close resection mar-
gins were observed in nine patients (5.0%), and additional
surgery was discouraged according to the institutional policy
except in one patient who underwent additional total mastec-
tomy owing to diffuse tumor infiltration. If indicated, adju-
vant RT and hormonal therapy were offered. In total, 90 pa-
tients received adjuvant hormonal treatment and 156 patients
underwent adjuvant RT. All patients who underwent RT after
MRM received RT locally and to their chest walls. Among pa-
tients who underwent BCS, 34 patients (44.2%) received
whole breast RT only, and 43 patients (55.8%) received re-
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gional RT in addition to whole breast RT. Majority of the pa-
tients who underwent MRM (65/79, 82.3%) and a small pro-
portion of those who underwent BCS (4/77, 5.2%) received
IMNRT (n=69).

The median follow-up duration was 61.1 (12-106) months.
Fifteen patients (15/179, 8.3%) achieved pCR after NAC, and
there was no regional lymph node metastasis (pNO) in 53 pa-
tients (29.6%). When the clinical stage before NAC was com-
pared to pathological stage, 107 patients (59.8%) were down-
staged while 38 patients (21.2%) had the same stage, and 34
(19.0%) had progressive disease. For all patients, the 5-year
DFS, locoregional recurrence-free survival (LRRFS), distant
metastasis-free survival (DMFS), and OS rates were 74.8%,
93.0%, 81.0%, and 89.9%, respectively.

Table 1. Patients and treatment characteristics according to initial tumor site (n=179)

Inner/both Quter Inner/both Quter
Characteristic q(LrJ]a:déa;)\t q(fi:dég?t p-value™ Characteristic q(za:jéi?t q(ﬁa:d;?t p-value*
No. (%) No. (%) No. (%) No. (%)
Age (yr) 0.409 Type of surgery 0.083
<50 59 (72.0) 75(77.9) Breast conservation 41 (50.0) 36 (37.1)
>50 23(28.0) 22 (22.7) Mastectomy 41 (50.0) 61 (62.9)
Initial clinical stage 0.709 Radiation therapy 0.512
IIA 3(3.7) 1(1.0) Yes 70 (85.4) 86 (88.7)
1B 15 (18.3) 23(23.7) No 12 (14.6) 11(11.3
A 44 (53.7) 50 (51.5) IMN radiation therapy" 0.039
ns 14 (17.1) 15 (15.5) Yes 25(36.2) 44 (53.0)
nc 6(7.3) 8(8.2) No 44 (63.8) 39 (47.0)
Pathologic stage 0.356 Adjuvant hormonal therapy 0.504
0 6(7.3) 6(6.2) Yes 39 (47.6) 51 (562.6)
| 11 (13.4) 17 (17.5) No 43 (52.4) 46 (47.4)
IIA 20 (24.4) 15 (15.5) Nuclear grade® 0.458
1B 15(18.3) 14 (14.4) | 2(2.8 6(6.9)
INA 21(25.6) 25(25.8) Il 17 (23.6) 22 (25.3)
ns 0 3@3.1) Il 53 (73.6) 59 (67.8)
lnc 9(11.0) 17 (17.5) Histologic grade’ 0.556
Inflammatory breast cancer 0.979 | 2.9 1(1.2)
No 76 (92.7) 90 (92.8) Il 27 (38.6) 27(32.9)
Yes 6(7.3) 7(7.2) Il 41 (58.6) 54 (65.9)
ER or PR 0.654 Nodal ratio* 0.506
Positive 39 (47.6) 50 (51.5) <0.25 53 (64.6) 58 (59.8)
Negative 43 (52.4) 47 (48.5) >0.25 29 (35.4) 39 (40.2)
HER2 (n=176) 0.631 Resection margin 0.891
Positive 25(30.9) 33(34.7) Negative 78(95.1) 92 (94.8)
Negative 56 (69.1) 62 (65.3) Close (<2 mm) 3@3.7) (3.1
Molecular subtype (n=177) 0.273 Positive 1(1.2) 2(1)
Luminal A 27 (32.9) 24 (24.7)
Luminal B 12 (14.6) 26 (26.9)
HER2-enriched 16 (19.5) 22 (22.7)
Triple negative 26 (31.7) 24 (24.7)

ER=estrogen receptor; PR = progesterone receptor; HER2 =human epidermal growth factor receptor 2; IMN=internal mammary node.
*Pearson chi-square test; TAvailable data; *Nodal ratio represents the ratio of the number of involved lymph nodes over the number of removed lymph nodes.
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Pattern of failure tients (24.6%). According to the initial tumor location, the pa-
Total treatment failure was observed in 44 out of 179 pa- tient groups showed similar locoregional control rates (outer
quadrant, 7/82, 8.5%; inner/both quadrant, 6/97, 6.2%) (Table
Table 2. Pattern of failure according to initial tumor site 2). Distant metastasis was the major pattern of failure in both
Outer quadrant inner/both quadrant patient groups (21/27, 77.8%). Three con‘Fra—lateral breast re-
(n=82) (n=97) currences occurred (outer quadrant, 2; inner quadrant, 1),
No. (%) No. (%) which were regarded as distant metastases.
Locoregional recurrence 7(8.5) 6(6.2)
Distant metastasis 10(12.2) 21(21.6) Univariate analysis
Total 17 (20.7) 27 (27.8)

Pathologic stage (p <0.001), nodal ratio (p <0.001), and tu-

Table 3. Clinicopathological variables for 5-year disease-free, locoregional recurrence-free, distant metastasis-free and overall survival in univariate
analysis (n=179)

Variable No. of patients  LRRFS (%) p-value DMFS (%) p-value DFS (%) p-value OS (%) p-value

Age (yn) 0.951 0.344 0.505 0.045
<50 45 92.9 74.6 69.9 82.2
>50 134 93.1 83.1 76.4 92.5

Initial clinical stage 0.049 0.072 0.068 0.032
I 39 100.0 89.4 84.3 97.4
Il 140 91.0 78.6 72.2 87.8

Inflammatory breast cancer 0.954 0.718 0.819 0.993
No 166 93.4 83.8 69.2 89.6
Yes 13 92.3 75.0 75.0 92.3

ER or PR 0.175 0.920 0.461 0.314
Positive 89 90.1 84.7 76.2 93.1
Negative 90 96.4 81.9 714 87.5

HER2 0.869 0.556 0.936 0.249
Positive 59 92.4 84.8 74.2 85.6
Negative 17 93.6 82.1 75.2 92.2
Unknown 3 - - - -

Molecular subtype 0.710 0.947 0.710 0.112
Luminal A 51 97.9 84.0 97.9 98.0
Luminal B 38 94.4 85.6 94.4 86.8
HER2-enriched 39 91.2 79.3 91.2 86.5
Triple negative 49 89.2 82.3 89.2 87.7
Unknown 2 - - - -

Type of surgery 0.505 0.330 0.346 0.028
Breast conservation 77 94.7 86.7 80.1 98.6
Mastectomy 102 97.0 76.3 70.4 87.2

Pathologic stage 0.034 <0.001 <0.001 0.006
o, 104 96.0 90.4 85.3 95.2
Il 75 88.7 67.7 60.1 82.6

Nodal ratio* 0.067 <0.001 <0.001 <0.001
<0.25 103 96.0 90.2 86.2 971
>0.25 76 90.0 68.1 60.4 80.3

Tumor location (quadrant) 0.558 0.004 0.020 0.549
Inner/both 97 93.6 72.6 67.7 88.6
Outer 82 92.4 91.3 83.4 91.5

Hormonal therapy 0.098 0.296 0.204 0.010
Yes 90 96.6 85.3 79.6 95.6
No 89 89.2 76.6 70.0 84.3

IMN RT* 0.265 0.508 0.592 0.106
Yes 69 95.5 75 70.6 84.1
No 83 91.4 84.2 78.0 94.0

LRRFS=locoregional recurrence-free survival; DMFS =distant metastasis-free survival; DFS =disease-free survival; OS=overall survival; ER=estrogen receptor;
PR =progesterone receptor; HER2 =human epidermal growth factor receptor 2; IMN =internal mammary node; RT =radiotherapy.
*Nodal ratio represents the ratio of the number of involved lymph nodes over the number of removed lymph nodes; TAvailable data (n=152).
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Figure 1. Survival curves according to tumor location. (A) Disease-free survival. (B) Distant metastases-free survival. (C) Locoregional recurrence-free

survival. (D) Overall survival.

mor location (p=0.020) were identified as prognostic factors
for DFS (Figure 1A) whereas, the initial clinical stage (p=
0.049) and pathologic stage (p=0.034) were identified as
prognostic factors for LRRFS (Table 3). DMFS correlates with
pathologic stage (p<0.001), nodal ratio (p<0.001), and tu-
mor location (p<0.004) (Figure 1B). The prognostic factors
for OS were age (p=0.045), initial clinical stage (p=0.032),
type of surgery (p=0.023), pathologic stage (p=0.006), nodal
ratio (p <0.001), and hormonal therapy (p=0.010). Although
tumor location was not a statistically significant factor for
LRRES and OS, patients with outer quadrant tumors showed
better LRRES and OS than those with inner/both quadrant
tumors (Figure 1C and D). Although statistically insignificant,
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we observed that RT to the IMN improved LRRFS (95.5% vs.
91.4%; 5-year, p=0.265). pCR was not a statistically signifi-
cant factor for LRRES (p=0.924), DMFS (p=0.213), DES
(p=0.608), and OS (p=0.455).

Multivariate analysis

Using variables that were identified as statistically significant
in univariate analysis, we performed multivariate analysis
using the Cox proportional hazards regression model (Table 4).
On multivariate analysis, pathological stage and tumor loca-
tion were identified as independent prognostic factors for
DMEFS (p=0.001 and p=0.008, respectively) and DFS (p<
0.001 and p=0.038, respectively). Nodal ratio and luminal A
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Table 4. Multivariate analysis of disease-free, distant metastasis-free, and overall survival

Variable DMFS D.FS O.S

Hazard ratio (95% Cl) Hazard ratio (95% Cl) Hazard ratio (95% Cl)
Age (<50 yrvs. >50yr) * - NS
Initial clinical stage (Il vs. ll NS NS NS
Luminal A vs. others - 7.855 (1.821-33.872)
Type of surgery (MRM vs. BCS) - - NS
Pathological stage (01l vs. Ill) 3.476 (1.716-7.039) 3.157 (1.729-5.765) NS
Nodal ratio (<0.25 vs. >0.25) NS NS 3.579 (1.589-8.061)
Location (inner/both vs. outer) 2.75 (1.299-5.821) 1.91 (1.036-3.523) -
Hormonal therapy - - NS

DMFS =distant metastasis-free survival; DFS = disease-free survival; OS =overall survival; NS=not significant; MRM=modified radical mastectomy; BCS = breast-

conserving surgery.

“In multivariate analysis, only variables that had a p-value of <0.1 in univariate analysis were included.

subtype were statistically significant factors for OS (p=0.002
and p=0.006, respectively). Multivariate analysis did not iden-
tify any statistically significant factors for LRRES.

DISCUSSION

The results of the present study suggest that despite three
cycles of docetaxel and doxorubicin NAC for the treatment of
breast cancer, patients with inner/both quadrant tumors
showed unfavorable outcomes including DMFS and DFS
compared to the outcomes in patients with outer quadrant tu-
mors. To our knowledge, the present study is the first to show
the effect of tumor location on survival outcomes of breast
cancer patients who underwent NAC.

Previously reported studies using surveillance, epidemiolo-
gy, and end-results data showed that tumors with inner quad-
rant locations had a negative effect on breast cancer-specific
and OS rates [5]. In addition, according to several studies with
respect to tumor location as a prognostic factor, inner quad-
rant tumors showed higher distant metastases and lower OS
rates than those shown by outer quadrant tumors [6-8].

The reason of poor outcomes in patients with inner quad-
rant breast cancer is not clear; however, the idea that it might
be related to IMN is generally accepted. The internal mam-
mary basin is regarded as a second lymphatic drainage path-
way and the incidence of IMN metastasis increases with the
number of positive axillary lymph nodes in addition to tumor
location [10-13]. These studies support the randomized phase
III multicenter trial (EORTC 22922/10925), which evaluated
the elective irradiation to the internal mammary and medial
supraclavicular lymph nodes for potential survival benefit in
node-positive or node-negative patients with central or medi-
al tumors. IMN RT conferred a survival benefit in patients
with inner or centrally located tumors [14]. Therefore, we sec-
ondarily sought to evaluate the effect of IMN RT. In the cur-
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rent study, more than half of the patients with inner/both
quadrant tumors underwent IMN RT (44/86, 51.1%), which
is higher than what was previously reported [9,15]. We did
not have any institutional policy for the administration of
IMN RT in patients with inner breast tumors; however, we in-
cluded patients with multicentric tumors in the inner/both
group and considered IMN RT for multicentric tumors,
which might have influenced the high rate of IMN RT in the
inner/both group. However, inner/both quadrant breast can-
cers maintained their worse prognosis despite the high rate of
IMN RT. Furthermore, the IMN RT group failed to show a
survival benefit compared to the non-IMN RT group among
patients with inner/both quadrant breast cancer (data not
shown). There are several possible explanations for these re-
sults. First, an incidental RT dose could have been delivered to
the IMN in patients who did not receive IMN RT. In the
dummy run of quality assurance study performed by the
Korean Radiation Oncology Group, 59% of the prescribed
dose was delivered to the IMN although physicians intended to
exclude the IMN [16]. Secondly, most patients who received
IMN RT underwent MRM (65/79, 82.3%), whereas a small
portion underwent BCS (4/77, 5.2%). This skewed distribu-
tion and the interaction of treatment characteristics might
have weakened the impact of IMN RT on the outcome.
Established prognostic factors for breast cancers should be
re-evaluated in the NAC era. Regarding the molecular sub-
type and tumor location, Kim et al. [17] showed that triple-
negative breast cancers had a tendency to develop close to the
chest wall; however, there was a lack of data showing a corre-
lation with inner quadrant breast cancers. Lim et al. [18] re-
ported analyzed the data from 7,856 Korean women and re-
ported that lower-inner quadrant tumors showed poor prog-
noses only in case of HER2 overexpression and triple-negative
breast cancer. Some researchers have reported the prognostic
value of nodal ratio after NAC, and have shown that this
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prognostic value is significant in certain molecular subtypes;
however, the results are inconsistent [19,20]. In the present
study, we found that luminal A subtype breast cancer and a
low nodal ratio conferred an OS advantage over the others;
however, we could not identify any relationship between the
molecular subtype and tumor location as well as nodal ratio.

There are several limitations to the present study. Despite
the homogeneity of NAC regimen, the RT field was heteroge-
neous especially in the BCS group, because there is no con-
sensus on the RT field after NAC and surgery. As reported by
the American College of Surgeons Oncology Group (ACOSOG)
71071, among the patients who underwent BCS, only 23.6%
received axillary RT and 49.4% received supraclavicular RT.
Moreover, only 52.2% of the patients received RT to the su-
praclavicular area in patients who had mastectomy without
reconstruction [21]. In our data, all patients who underwent
RT after mastectomy received RT to the axilla and supracla-
vicular area. As ACOSOG researchers commented in their re-
port, the management of regional nodes in node-positive dis-
ease is complex and needs to be addressed in further random-
ized studies.

In addition, in the present study, the pCR rate (15/179,
8.3%) was lower than what was previously reported [22]. The
optimal duration of NAC has not been established to date;
therefore, we adopted three cycles of NAC. Reitsamer et al.
[23] showed in 45 breast cancer patients that six cycles of epi-
doxorubicin/docetaxel prior to surgery had better pCR rates
than three or four cycles of chemotherapy. In this perspective,
our study might have inevitably showed a lower pCR rate than
six cycles of chemotherapy [23,24].

In conclusion, despite NAC, the inner/both quadrant tumor
location as well as advanced pathological stage in breast can-
cer was associated with lower DMFS and DFS compared to
those of outer quadrant tumor. For overcoming the unfavor-
able outcomes associated with inner quadrant involvement in
breast cancer, as well as for better disease control and long-
term survival, more aggressive neoadjuvant and/or adjuvant
chemotherapy with IMN RT might be required.
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