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Introduction

Breast cancer is still a threat to women’s health despite 
marked advances in cancer research. Neoadjuvant 
chemotherapy (NAC) refers to a choice of primary 
therapeutic methods used before surgery to treat breast 
carcinoma tumors. NAC has commonly been applied to 
treat inoperable breast carcinoma. Currently, NAC’s role 
in treating operable breast carcinoma is recognized, as 

it can be used in all breast carcinoma cases that require 
chemotherapy. Thus far, several clinicopathological factors, 
including axillary lymph node (ALN) metastasis, tumor 
location, number of lymph nodes at first diagnosis, and 
molecular subtype, have already been shown to be associated 
with the prognosis associated with NAC by a large number 
of retrospective studies. Regarding tumor location, in 
addition to being the less frequent site for breast cancer 
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occurrence, inner-quadrant cancer is often characterized by 
poor prognosis and shorter breast cancer-specific survival 
(BCSS) and overall survival (OS). Nevertheless, the study 
conducted by Chang et al. (1) was the only clinical study to 
explore the prognostic value of tumor size on the survival 
of breast cancer patients who received NAC treatment. 
Moreover, the clinical trial conducted by Jiqiao Yang 
revealed that tumors in the lower-inner zone (LIZ) had a 
markedly poor prognosis in terms of disease-free survival 
(DFS) in patients in the NAC subgroup.

Many clinical trials related to the clinical significance 
of tumor site have shed light on applying postmastectomy 
radiation therapy (PMRT) or internal mammary node 
radiotherapy (IMN-RT) more specifically and identifying 
the high-risk groups. Moreover, there is debate about how 
PMRT for NAC patients is to be applied. In the research 
of Le Scodan, Shim, and colleagues, patients with clinical 
stage II-III disease who achieve ypN0 after receiving NAC 
will be at a lower risk of recurrence without treatment with 
PMRT. According to recent publications, administering 
PMRT to ypN2–3 rather than ypN0–1 women is also 
related to enhanced locoregional recurrence-free survival 
(LRRFS) and OS. The purpose of our present study was to 
explore the prognostic implication of tumor location on the 
survival of clinical II–III patients treated with NAC and to 
explore further the effect of PMRT on tumors in different 
quadrants.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1140).

Methods

The experimental protocol was set up according to the 
ethical guidelines of the Declaration of Helsinki (as revised 
in 2013) and was approved by the Human Ethics Committee 
of Harbin Medical University. Written informed consent 
was obtained from the participants or their guardians.

The first cohort in this study was composed of 676 
patients who were diagnosed with breast carcinoma from 
2010 to 2014 and later received NAC. The inclusion 
criteria included the following: (I) underwent normal 
radical or optimized radical mastectomy; (II) had no history 
of other malignancy; and (III) did not receive preoperative 
radiotherapy (RT) or postoperative chemotherapy. All the 
patients had standard bone marrow and intact hepatic, 
cardiac, and renal function. Patients with multicentric 
tumors were not included in our retrospective cohort; 

those with unknown tumor locations were also excluded. 
The regimens for chemotherapy were (I) docetaxel and 
cyclophosphamide (TC) (6 cycles) (n=96, 14.2%), (II) 
doxorubicin and docetaxel (AT) (6 cycles) (n=270, 39.9%), 
and (III) docetaxel, doxorubicin and cyclophosphamide 
(TAC) (6 cycles) (n=310, 45.9%). The NAC regimens 
were as follows: AT, doxorubicin (60 mg/m2) and docetaxel 
(75 mg/m2) by intravenous infusion for three weeks for a 
total of four to six cycles; TC, docetaxel: (75 mg/m2) and 
cyclophosphamide (600 mg/m2) by venous infusion for 
three weeks for a total of 4–6 cycles; and TAC, docetaxel 
(75 mg/m2), doxorubicin (60 mg/m2) and cyclophosphamide 
(600 mg/m2) by intravenous infusion for three weeks for a 
total of four to six cycles. Most patients in the first clinical 
stages of IIA, IIB, and IIIA received AT and TC therapy. 
The TAC regimen was primarily prescribed to the patients 
with stage IIIB or IIIC cancer. After receiving NAC, all 
patients underwent surgery with either modified radical 
mastectomy (MRM) or breast-conserving surgery (BCS) 
with ALN dissection.

All cases received preoperative examination, which 
included mammography and ultrasonography on breast and 
axilla. After undergoing surgery, the patients underwent 
radiation or endocrine therapy. RT was performed in 
different manners according to the surgical approach, tumor 
location, response to NAC, among many others. In our 
study, most of the clinical-stage II patients who achieved 
the pathological complete response (pCR) or ypN0 before 
MRM did not receive any form of PMRT. PMRT was 
strongly recommended to the patients with first clinical-
stage IIIB-C regardless of the pathologic extent of disease 
before the operation and to patients with clinical stage II 
with ypN+. For the clinical-stage IIIa patients, PMRT was 
applied according to the initial N stages, luminal subtype, T 
stage, age, and the patient’s desire to undergo the treatment. 
The patients who had undergone BCS were all treated with 
a 50.4 Gy dose in total at 1.8 Gy per fraction to the entire 
breast for five fractions each week; subsequently, the patients 
received an electron boost (10 Gy) to the target area (tumor 
bed). For the patients who underwent MRM, the target 
area, including the local or nearby lymph node site and the 
chest wall, and the identical dose method was employed. 
IMN-RT was performed on patients based on clinical or 
pathological characteristics. IMN-RT could be applied 
to treat inner-quadrant tumors that might be progressive. 
According to the National Comprehensive Cancer Network 
(NCCN) guidelines, regarding adjuvant hormonal therapy, 
premenopausal females were administered tamoxifen for 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chang JH%5bAuthor%5d&cauthor=true&cauthor_uid=28053627
http://dx.doi.org/10.21037/apm-20-1140)
http://dx.doi.org/10.21037/apm-20-1140)


1861Annals of Palliative Medicine, Vol 9, No 4 July 2020

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2020;9(4):1859-1871 | http://dx.doi.org/10.21037/apm-20-1140

five years, and postmenopausal females were treated with an 
aromatase inhibitor or with sequential tamoxifen treatment 
followed by treatment with an aromatase inhibitor.

Evaluation of clinical and pathological results 

Patients were further subdivided into five quadrants 
according to their primary tumor sites after the first physical 
and imaging examination. It was found that a vast majority 
of patients had a primary tumor located in the upper-outer 
quadrant (54%) and upper-inner quadrant (19.8%), whereas 
a minority of patients had a primary tumor in the lower-
inner (13.8%), central (2.5%) and lower-outer quadrants 
(9.8%). A larger cohort of patients would be required to 
improve the quality of our clinical study to address statistical 
discrepancies. Finally, we excluded the minority and split 
the cohorts into only three groups according to tumor site: 
outer quadrant, upper-inner quadrant, and lower-inner/
central quadrant. 

The prognostic implications of pathologic findings 
and treatment features were assessed in addition to the 
tumor location. Among the pathological and clinical 
variables, primary tumor size, lymph node status, human 
epidermal growth factor receptor 2 (HER-2) status, 
etc. were assessed as independent variables. Among the 
treatment characteristics, the types of surgery, IMN-RT, 
and hormonal therapy were assessed. Furthermore, pCR 
was defined as no residual invasive tumor in the breast. 
The tumors with residual intraductal carcinoma were also 
included in the pCR group.

By Pearson chi-square test, the features of the lower-
inner/central, upper-outer, and upper-inner quadrant 
groups were compared. Chi-square test (Fisher’s exact 
test) was performed to compare the pCR rate between the 
two-quadrant groups. Local recurrence stood for a kind 
of recurrence that occurred in the ipsilateral breast or 
the chest wall. Regional recurrence is always defined as a 
relapse found in the ipsilateral axillary, supraclavicular, and/
or internal mammary node (IMN) regions. Recurrence in 
the contralateral breast, liver, lung, or other distant organs 
was considered to be distant metastasis. DFS refers to the 
period between the date of any disease recurrence and the 
date of the first NAC. OS refers to the time from the date 
of NAC to the date of death. By using the Kaplan-Meier 
method, we compared the DFS, locoregional recurrence-
free survival (LRRFS), distant metastasis-free survival 
(DMFS), and OS between the distinct groups. The log-

rank test was performed for univariate analysis. Using the 
Cox proportional hazards regression model, the variables 
that were statistically significant in the univariate analysis 
were included in the multivariate analysis. All P values 
<0.05 were defined to show statistical significance. For 
subgroup analysis, the P value was corrected according 
to the Bonferroni correction for reiterated measurement 
(a=0.05/n). All statistical analyses were conducted using 
SPSS version 22.0 software.

Results

Here, 676 patients aged 53 (23–70) years, on average, 
received NAC. To be specific, 110 patients had lower-inner/
central quadrant tumors, 134 had upper-inner quadrant 
tumors, and 432 cases had outer quadrant tumors. Table 1 
lists patient and treatment features according to tumor sites.

Most patients received the whole course of chemotherapy 
(6 cycles of AT, TC, and TAC). NAC resulted in no notable 
toxicity that could have led to dose regulation or the delay 
of treatment. The median interval time was 25 (8–71) 
days from the last day of NAC to surgery. A total of 494 
patients underwent MRM, and 182 underwent BCS. In 
total, 18 patients (14.3%) showed positive or close resection 
margins, while 43 underwent added total mastectomy for 
diffuse tumor infiltration. Also, added surgery was avoided 
according to the institutional policy. Most of the PMRT 
was provided to ypN+ patients. IMN-RT was highly 
recommended for the inner quadrant patients with ypN+ 
after NAC. In total, 252 and 308 patients received adjuvant 
hormonal therapy and adjuvant RT, respectively. All patients 
who were subjected to RT after MRM received RT locally 
as well as to their chest walls (246 49.8%). Of the patients 
who underwent BCS, 64 (45.7%) underwent whole breast 
RT only, and 76 (55.3%) received regional RT. Last, only 
a small proportion of the patients who underwent MRM 
(10.5%) and those who had received BCS (8.8%) underwent 
IMN-RT.

 The median follow-up period was 87 (21–106) months. 
One hundred twenty-eight patients (128/676, 18.9%) 
achieved pCR after NAC. In the comparison between 
the clinical stage before NAC and the postoperative 
pathological stage, 470 patients (69.5%) downstaged, 144 
patients (21.3%) remained the same as before, and 62 (9.2%) 
experienced disease progression. For all patients, the 5-year 
DFS, LRRFS, DMFS and OS rates reached 77.8%, 93.2%, 
83.7%, and 88.5%, respectively.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5204045/table/T1/


1862 Song and Zhang. Lower-inner breast cancer NAC

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2020;9(4):1859-1871 | http://dx.doi.org/10.21037/apm-20-1140

Table 1 Patient and treatment features according to the original  tumor site (n=676)

Characteristic
Outer (O)  

quadrant No. (%)
Upper-inner (UI)  

quadrant, No. (%)
Lower-inner/central  

(LI/C) quadrant, No. (%)
P value

Age 0.323

>50 140 (32.4) 46 (34.3) 44 (38.6)

≤50 292 (67.6) 88 (65.7) 66 (57.9)

Initial clinical stage 0.149

IIA 70 (16.2) 26 (19.4) 20(18.2)

IIB 106 (24.5) 36 (26.9) 38 (34.6)

IIIA 220 (50.9) 64 (47.7) 46 (41.8)

IIIB 30 (6.9) 4 (3.0) 3 (2.7)

IIIC 6 (1.5) 4 (3.0) 3 (2.7)

Histologic grade 0.080

I 52 (12.0) 28 (20.9) 20 (18.2)

II 340 (78.7) 98 (73.1) 81(73.6)

III 40 (9.3) 8 (6.0) 9 (8.2)

HER-2 status 0.063

Positive 248 (57.4) 92 (68.7) 68 (61.8)

Negative 184 (42.6) 42 (31.3) 42 (38.2)

ER or PR 0.273

Positive 232 (53.7) 82 (61.19) 58 (52.73)

Negative 200 (46.30) 52 (38.81) 52 (47.27)

Luminal-type 0.147

Luminal A 96 (22.2) 44 (32.8) 26 (23.6)

Luminal B 136 (31.5) 36 (26.9) 32 (29.1)

HER-2 enriched 100 (23.1) 22 (16.4) 20 (18.2)

Triple-negative 100 (23.1) 32 (23.9) 32 (29.1)

Resection margin 0.144

Negative 364 (84.3) 122 (91.0) 94 (85.45)

Positive 68 (15.7) 12 (9.0) 16 (14.55)

IMN-RT <0.001

Yes 22 (5.1) 36 (26.9) 32 (28.1)

No 410 (94.9) 98 (73.1) 78 (68.4)

Type of surgery 0.067

Breast conservation 112 (25.9) 46 (34.3) 24 (21.1)

Mastectomy 320 (74.1) 88 (65.7) 86 (75.4)

Table 1 (continued)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5204045/table/T1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5204045/table/T1/
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Recurrence analysis

A total of 169 out of 676 patients (24.1%) experienced total 
treatment failure. According to the original tumor site, the 
three groups were similar in locoregional control rate (outer 
quadrant, 25/432 5.8%; upper inner quadrant, 9/134 6.7%; 
inner/central quadrant, 6/110 14.0%) (Table 2). The original 
pattern of failure in all patient groups was distant metastasis 
(126/676 18.6%). There were twenty cases of contralateral 
breast recurrence (outer quadrant, 8; upper inner quadrant, 
6; lower-inner/central quadrant, 6), which was distant 
metastasis.

Univariate analysis

Tumor location (P=0.001), initial clinical stage (P<0.001), 
nuclear grade (P<0.001), luminal-type (P=0.002) and 
pathological stage (P=0.012) were found to be the factors 
affecting DFS (Figure 1A). Meanwhile, LRRFS was 
influenced by luminal-type (P<0.001), HER-2 status 
(P=0.002) (Figure 1B), type of surgery (P=0.003), initial 
clinical stage (P=0.015) and pathological stage (P=0.002). 
Nevertheless, tumor location (P<0.001), nuclear grade 
(P<0.001), initial clinical stage (P<0.001), age (P=0.044) 
and type of surgery (P=0.026) were found to be the factors 

Table 1 (continued)

Characteristic
Outer (O)  

quadrant No. (%)
Upper-inner (UI)  

quadrant, No. (%)
Lower-inner/central  

(LI/C) quadrant, No. (%)
P value

Adjuvant hormonal therapy  0.263

Yes 156 (36.1) 58 (43.3) 38 (34.5)

No 276(63.9) 76 (56.7) 72 (65.5)

Number of lymph nodes at first diagnosis 0.101

0–3 140 (32.4) 40 (29.9) 22 (20.0)

4–9 260 (60.2) 86 (64.2) 76 (69.1)

≥10 32 (7.4) 8 (5.9) 12 (10.9)

RT 0.741

Yes 208 (48.1) 60 (44.8) 50 (45.5)

No 224 (51.9) 74 (55.2) 60 (54.5)

Pathologic stage 0.111

0 112 (25.9) 34 (25.4) 25 (22.7)

I 84 (19.4) 20 (14.9) 18 (16.4)

IIA 78 (18.1) 26 (19.4) 28 (25.5)

IIB 64 (14.8) 12 (9.0) 17 (15.4)

IIIA 86 (19.9) 34 (25.4) 18 (16.4)

IIIB 8 (1.9) 8 (5.9) 4 (3.6)

IIIC 0 0 0

Chemotherapy regimen 0.081

CAT 64 (14.8) 16 (11.9) 16 (14.5)

AT 156 (36.1) 66 (49.3) 48 (43.6)

TC 212 (49.1) 52 (38.8) 46 (41.8)

ER, estrogen receptor; PR, progesterone receptor; IMN, internal mammary node; RT, radiotherapy; CAT, cyclophosphamide, doxorubicin 
and docetaxel; AT, doxorubicin and docetaxel; TC, docetaxel and cyclophosphamide.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5204045/table/T2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5204045/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5204045/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5204045/table/T1/
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affecting DMFS (Figure 1C, Table 3). The factors affecting 
OS included tumor location (P=0.002), nuclear grade 
(P<0.001), initial clinical stage (P=0.006) luminal type 
(P=0.002) and number of lymph nodes at first diagnosis 
(P<0.001) (Figure 1D). Tumor location functioned as a 
significant prognostic factor for DFS, DMFS and OS. 
Though the data were statistically nonsignificant, we 

observed that IMN-RT improved DFS (80.3% vs. 73.6%; 
5-year, P=0.142), LRRFS (96.5% vs. 93.4% 5-year, 
P=0.179), DMFS (80.3% vs. 80.5%; 5-year, P=0.996) and 
OS (85.9% vs. 89.1%; P=0.494). When stratified into 
subdivided groups, the patients with tumors in the LIZ 
had a noticeably poor prognosis in terms of DFS, DMFS 
and OS among patients in the subgroups of triple-negative 

Table 2 Failure patterns according to original tumor sites

Pattern of failure
Outer quadrant  

No. (%)
Upper-inner (UI)  

quadrant, No. (%)
Lower-Inner/central  

(LI/C) quadrant, No. (%)

Locoregional recurrence 25 (5.8) 9 (6.7) 6 (5.5)

Distant metastasis 71 (16.4) 25 (18.7) 32 (32.7)

Total 96 (22.2) 34 (25.4) 38 (34.5)

Figure 1 Survival curves according to tumor location. (A) Disease-free survival; (B) locoregional recurrence-free survival; (C) distant 
metastasis-free survival; (D) overall survival.
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Table 3 Clinicopathological variables in the 5-year disease-free, locoregional recurrence-free, distant metastasis-free and overall survival 
univariate analyses (n=338)

Variable
No. of 

patients
LRRFS  

(%)
P value

DMFS  
(%)

P value
DFS  
(%)

P value
OS  
(%)

P value

Age 0.596 0.044 0.113 0.240

≤50 years 238 93.7 76.5 71.8 86.6

>50 years 438 94.3 82.6 76.7 89.5

Tumor location 0.826 <0.001 0.006 0.002

Outer quadrant 432 93.5 84.3 78.7 92.1

Upper-inner quadrant 134 91.0 94.0 85.1 85.1

Lower-inner/central quadrant 110 94.5 69.1 65.5 78.2

Histologic grade 0.957 <0.001 <0.001 <0.001

I−II 102 93.9 83.5 77.9 91.9

III 574 96.4 46.4 42.9 50.0

Type of surgery 0.003 0.026 0..721 0.697

Breast conservation 182 89.6 86.8 78.0 87.9

Mastectomy 494 95.7 78.1 77.7 88.7

Initial clinical stage 0.015 <0.001 <0.001 0.006

II 288 91.0 93.8 84.4 92.4

III 398 96.4 70.6 68.0 85.6

Luminal-type <0.001 0..005 0.002 0.136

Luminal A 186 94.6 89.2 89.2 91.6

Luminal B 204 96.6 82.4 82.4 85.3

Her-2 enriched 142 97.2 76.1 76.1 87.3

Triple-negative 164 87.8 73.2 73.2 90.2

IMN-RT 0.179 0.992 0.142 0.494

Yes 68 96.5 80.3 80.3 85.9

No 608 93.4 80.5 73.6 89.1

Number of lymph nodes at first 
diagnosis

0.576 0.211 0.817 <0.001

<4 210 94.3 83.3 75.2 98.1

≥4 466 92.7 79.2 74.9 84.1

Adjuvant hormonal therapy 0.864 0.099 0.585 0.254

Yes 252 94.0 84.5 77.0 98.1

No 424 94.1 78.1 73.8 84.1

KI-67 0.524 0.219 0.705 0.699

≤14% 212 95.3 84.4 77.4 88.7

>14% 464 93.5 78.7 73.9 88.4

Table 3 (continued)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5204045/table/T3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5204045/table/T1/
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Table 3 (continued)

Variable
No. of 

patients
LRRFS  

(%)
P value

DMFS  
(%)

P value
DFS  
(%)

P value
OS  
(%)

P value

Pathologic stage 0..002 0.212 0.012 0.145

0–II 530 92.6 79.6 72.8     89.8

III 146 99.3 83.6 82.9 83.6

HER-2 0.002 0.093 0.664 0.147

Negative 408 91.9 83.1 74.8 89.7

Positive 268 97.4 76.5 75.4 86.6

LRRFS, locoregional recurrence-free survival; DMFS, distant metastasis-free survival; DFS, disease-free survival; OS, overall survival; 
ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor receptor 2; IMN, internal mammary node; RT, 
radiotherapy. 

status (P<0.001, a=0.025; P<0.001, a=0.025; P<0.001, 
a=0.025), HER-2 status (P=0.017, a=0.025; P=0.017, 
a=0.025; P<0.002, a=0.025) and those who did not receive 
RT (P<0.001, a=0.025; P<0.001, a=0.025; P=0.010, a=0.025) 
(Table S1). 

Multivariate analysis

Multivariate analysis was applied using the variables that 
showed statistical significance in the univariate analysis in 
the Cox proportional hazards regression model (Table 4).  
In the analysis, initial clinical grade (P<0.001), tumor 
location (P=0.001), nuclear grade (P<0.001), and pathologic 
stage (P=0.023) were recognized to be independent factors 
influencing DFS. Nuclear grade, initial clinical stage, 
and tumor location were significant factors affecting 
DMFS (P<0.001, P<0.001, P<0.001, respectively). Her2, 
type of surgery, and pathologic stage were significant 
factors affecting LRRFS (P=0.002, P=0.029, and P=0.021, 
respectively). In the multivariate analysis, tumor location, 
nuclear grade, initial clinical stage, and the number of 
lymph nodes at the first diagnosis were identified to be 
significant factors affecting OS (P=0.002, P<0.001, P=0.006 
and P<0.001, respectively).

Discussion

According to the results of the retrospective study by Chang 
et al. (1), tumor site affects the survival of breast carcinoma 
patients who received NAC for the first time. Unlike the 
earlier clinical trials, our study primarily focused on three 
significant quadrants in our NAC setting. According to our 

data, the lower-inner/central quadrant tumors had a worse 
prognosis (including prognosis in terms of DFS, DMFS, 
and OS) than the outer and upper-inner quadrant tumors.

Tumor location has been one of the most controversial 
prognostic indicators for breast cancer, and it will be critical 
to explore whether tumor location may also be critical in 
the prediction of the clinical prognosis of breast cancer 
patients who underwent NAC. The prognostic implication 
of tumor location has been explored in numerous clinical 
trials with inconsistent results. A SEER population-based 
clinical retrospective study performed by Jing Bao and his 
partner (2) reported that patients with tumors in the lower-
outer quadrant on either side of the left central quadrant 
were at increased risk of relapse based on a cohort of 
305,443 patients. These clinical retrospective studies (3-5) 
revealed that the tumor quadrant had a specialized ability to 
assess the prognosis of early breast carcinoma. However, in 
the study by Hwang KT, for lymph node-negative patients, 
the lower-inner quadrant was associated with worse OS 
than other primary tumor sites in the subgroup of patients 
who had not been treated with chemotherapy.

In contrast, concerning the subgroup of patients who 
had been treated with chemotherapy, such a phenomenon 
was not observed (6). Based on the mentioned existing 
studies, the IMNs can be used to explain the poor prognosis 
of patients with inner and central quadrant breast cancer 
from a mechanistic perspective. IMNs are a type of “first 
station” lymph node of breast cancer lymphatic drainage, 
namely, one of the critical metastatic pathways of inner 
and central quadrant breast cancer (7). Most of the current 
studies support the concept that hidden IMN contributes 
to the poor prognosis of inner quadrant tumors. It has been 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5204045/table/T1/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bao J%5bAuthor%5d&cauthor=true&cauthor_uid=24740002
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hwang KT%5bAuthor%5d&cauthor=true&cauthor_uid=28169145
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Table 4 Multivariate analysis of disease-free, distant metastasis-free, locoregional recurrence-free and overall survival

Variable
Hazard ratio (95% CI)

LRRFS    DFS DMFS OS

Type of surgery (MRM vs. 
BCS)

0.462 (0.222–0.959) – – –

Histologic grade (I–II vs. III) –  4.356 (2.928–6.480) 5.328 (3.400–8.347) 8.694 (5.359–14.104)

Pathologic stage (I–II vs. III) 0.096 (0.013–0.701) 0.610 (0.398–0.933) – –

Number of lymph nodes at 
first diagnosis (0–3 vs. ≥4)

– – – 8.861 (3.224–24.349)

Tumor location (outer/upper-
inner vs. lower-inner/central)

– 1.860 (1.292–2.678) 2.001 (1.319–3.035) 2.580 (1.574–4.229)

Initial clinical stage (II vs. III) – 2.497 (1.770–3.523) 5.989 (3.619–9.911) 2.832 (1.710–4.691)

HER-2 (negative vs. positive) 0.244 (0.104–0.577) – – –

Note: in multivariate analysis, only variables with a P value of <0.1 in univariate analysis were included. DMFS, distant metastasis-free 
survival; DFS, disease-free survival; OS, overall survival; NS, not significant; MRM, modified radical mastectomy; BCS, breast-conserving 
surgery.

extensively reported that patients with IMN metastases had 
a worse prognosis than patients who did not, regardless of 
the axillary status (8-10). The retrospective study conducted 
by Lukesova et al. found that lower-outer, lower-inner, 
and upper-inner quadrant tumors were more prone to be 
characterized as IMN enrollment (11). The study conducted 
by D R Byrd showed that drainage to IMN following 
quadrant location of the lesion was as follows: UOQ, 10%; 
LOQ, 27%; UIQ, 17%; LIQ, 25%; and central, 29%. They 
also concluded that tumors in all quadrants might drain to 
IMNs; although, the drainage is significantly more common 
from inner quadrants than UOQ (12). From the above two 
studies, we noticed that the LIQ has a significantly lower 
rate of drainage than all other quadrants. Our current 
knowledge on the prognosis of the tumor location states 
that tumors in the lower-inner/central quadrant had a 
noticeably poor prognosis in terms of DFS, DMFS, and OS. 
The mechanisms can be explained by the high incidence of 
the hidden IMN metastasis and the low rate of IMN-RT 
for the lower-inner and central quadrant. The deficiency 
of a proper tracing method made us fail to detect the IMN 
recurrence after surgery and radiation therapy. It is worth 
mentioning that the upper-inner quadrant did not share the 
best or the worst prognosis. The mechanism behind it may 
be a small amount, which may lead to a biased result.

On the other hand, the hidden IMN originated from 
the upper-inner quadrant may be affected by radiotherapy 
on the post-mastectomy chest wall or the upper and 

lower clavicular regions. These clinical studies led to 
the development of explorations of means of diagnosing 
techniques for the IMN chain. However, due to the location 
and the small size of it, inner mammary lymph nodes are 
extremely difficult to be detected.

The internal mammary lymph node (IMLN) chain refers 
to a wide range of lymph node channels that have significant 
individual differences, and the management of IMLNs has 
always been debatable. Likewise, there is a controversy 
regarding the risk versus benefit of including the internal 
mammary chain in the radiation field: Courdi et al. reported 
that IMN-RT for node-negative tumors was associated 
with the promotion of OS and CSS among patients with 
lesions located in the inner and central quadrants (12). 
A larger-scale retrospective clinical study with a 12-year 
follow-up revealed that IMN-RT significantly prolonged 
DFS in breast cancer patients after patients had undergone 
mastectomy (13). However, the study conducted by Fowble 
et al. did not find a noticeable clinic advantage associated 
with IMN irradiation in terms of DMFS or cause-specific 
survival among all patients, especially among patients with 
positive axillary nodes and lesions located at the inner 
quadrant (14). In our clinical practice, no consensus has 
been reached concerning the RT field after NAC and 
operation. These results revealed that the RT field always 
was heterogeneously applied among patients at even rates 
among those with identical clinical stages. Most of the 
patients with first clinical-stage II–III breast cancer tumors 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Courdi A%5bAuthor%5d&cauthor=true&cauthor_uid=23891092
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(73.9%) who had achieved complete nodal response and 
pCR to NAC after mastectomy in our cohort received no 
adjuvant RT. For the ypN+ patients after NAC, IMN-RT 
was highly recommended for the ones with inner quadrant 
tumors.

Nevertheless, the implementation of IMN-RT among 
ypN+ patients was often ignored after the adequate dosage 
and duration of NAC, operation, and post-surgery RT 
were performed; as a consequence, the metastasis of IMN 
might not be detected or treated promptly. Furthermore, 
our subgroup analysis revealed that lower-inner quadrant 
tumors maintained a significantly worse prognosis in 
terms of DFS, DMFS, and OS in cohorts of patients who 
did not receive RT, suggesting that the monitoring of 
IMLN was often ignored before or after treatment in the 
clinical setting. For fear of the cardiac toxicity, the majority 
(86.7%) of pN+ patients with primary tumors at inner 
sites refused IMN-RT. Only approximately 7.6% of inner 
quadrant patients with pN+ after operation accepted RT 
that included the IMLNs. These skewed distributions and 
the interaction of treatment characteristics might have 
worsened the outcomes associated with tumors in the 
lower-inner/central quadrant. The critical risk factor for 
recurrence is still unclear: the clinical stage at the time of 
presentation before the initiation of NAC or the residual 
pathologic disease burden at the time of surgery after NAC. 
As we proposed, the sign for RT should also be based on 
the primary tumor site. Given the prognostic implication of 
nodal positivity in the IMLN chain, the reconsideration of 
the surgical and RT approach for these nodes is reasonable, 
especially for patients with a tumor in the inner quadrant.

More advanced imaging techniques should be employed 
for the detection of IMN before and after NAC. Nevertheless, 
the definition of nodal pCR is evaluated based on the 
pathological state of the ALNs but ignores the pathological 
state of the IMNs. Accordingly, considerable studies have 
explored magnetic resonance imaging (MRI), positron 
emission tomography-computed tomography (PET-CT), 
sentinel node biopsy, and other methods for their ability to 
make a better diagnosis of IMN, with few tools currently 
available to assist clinicians (15-17). The benefits of the 
exploration of diagnostic methods based on the IMN chain 
in breast carcinoma patients are limited and are likely to 
be refused by patients due to the risks associated with the 
complications (17). Surgical techniques have also been 
developed for inner-quadrant breast cancer. Improving the 
clinical effect of surgical approaches for inner-quadrant 
breast cancer will require more insights into the factors that 

affect the thoracic cavity (18-20).
Regarding NAC, though numerous in-depth studies 

have discussed the additional contributions of RT for 
IMN, none have paid attention to the relationship between 
chemotherapy and the inner quadrant, which makes it 
challenging to interpret the results. A majority of our 
patients completed the whole course in our trial, and more 
advanced NAC (AT, CAT) did not result in improved 
DFS or OS in lower-inner/central quadrant breast cancer 
patients. These results suggested that modulation of RT or 
surgery targeting the IMN may be necessary for the design 
of therapy for inner-quadrant breast cancer. In our clinical 
practice, a small portion of patients with clinical stage 
IIIB or IIIC preferred the treatments with few side effects 
instead of the ones with the best efficacy; they chose the 
relatively milder chemotherapy regimens (AT or TC). This 
skewed distribution might have weakened the impact of 
the NAC on the inner-quadrant tumors (21). Nevertheless, 
data from our research is insufficient to confirm the view. 
Perhaps improving the long-term clinical effect of NAC will 
require a deeper understanding of the doses and regimens 
that impact inner-quadrant tumors and IMN, rather than 
prescribing chemotherapy regimens based on the clinical 
stage at first diagnosis. 

This study has some limitations. Both the preoperative 
and postoperative assessment of IMN involvement is 
critical for showing the prognosis of the disease. However, 
in practice, ultrasound was most frequently used by our 
patients, indicating that most of the IMNs were not 
examined or routinely treated. The latest NCCN clinical 
guidelines (22) strongly recommended regional nodal RT 
for patients with positive lymph nodes after NAC. More 
than 63.03% of our patients had more than 4 ALNs at first 
diagnosis, and a majority of them received adjuvant RT. 
Multivariate analysis suggested that in contrast to no ALN 
involvement, patients with 1–3 ALNs involved and even 
≥4 ALNs involved displayed a noticeably increased risk of 
IMN metastasis (23). However, only approximately 65.9% 
of the patients with ≥4 lymph nodes at first diagnosis in 
our cohort received PMRT. Most importantly, few of them 
received IMN-RT.

Moreover, Clinical stage II–IIIA patients accounted 
for the most substantial number of patients in our trial  
(626 patients). Stage IIIB and IIIC breast cancer typically 
have a high rate of relapse due to the late stage. Enrolling 
more IIIB and IIIC patients may need to be considered in 
the design of a clinical trial to illustrate better the prognosis 
based on the tumor location. Regarding the subgroup 
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aspects, the IMN-RT group was identified to have only a 
slight survival benefit in comparison with the non-IMN-RT 
group in patients with lower-inner/central quadrant breast 
cancer (no relevant data presented). It is known that HER-
2-enriched and triple-negative subgroup patients have an 
elevated risk of recurrence. However, the IMN-RT group 
did not have better survival than the non-IMN-RT group 
among patients with cancer in the lower-inner/central 
quadrants (55.56% vs. 52.94%) in the HER-2-enriched and 
triple-negative subgroups. More data are needed to prove 
the clinical benefits of IMN-RT.

Moreover, regarding the luminal subtype (luminal A and 
luminal B), characterized as being associated with a lower 
risk for developing a recurrent disease, the phenomenon of 
a higher risk of recurrence no longer existed (data not are 
shown) for the lower-inner quadrant. Due to the patients 
in our retrospective study being mainly patients in the first 
cohorts who accepted NAC, most of the HER-2 positive 
cases neither received the neoadjuvant anti-HER-2 therapy 
nor completed the whole course of follow-up anti-HER2-
target treatment. The difficulty of the follow-up period 
worsened the situation. Furthermore, it may have led to 
confusion in the assessment of the benefit of IMN-RT.

From the current literature, how the inner quadrant 
microenvironment sets the stage for probable tumor 
formation and enhances the metastatic potential is 
still unclear. It was already known that breast cancer 
development in the outer quadrants is much more frequent 
than that in the inner quadrants, and the investigation of 
the association between the quadrant site of tumors and 
quadrant density will be worth conducting (24). Two studies 
have evaluated breast density in a range of quadrants, 
but the results were inconsistent with the incidence of 
cancer (25,26). Other clinical trials have suggested that 
the prognostic value of the inner-quadrant location is 
evident in certain luminal types, whereas the findings have 
been inconsistent among different clinical trials (27,28). 
Tumorigenesis, the development mechanisms, and the 
microenvironment of inner-quadrant breast cancer may be 
complex and should be explored in subsequent studies.

Conclusions

In conclusion, despite different NAC regimens, the lower-
inner/central tumor location in breast carcinoma was 
associated with lower DFS, DMFS, LRRFS, and OS than 
outer and upper inner quadrant tumors. More aggressive 
NAC with IMN-RT might be needed to address the poor 

results related to inner-quadrant participation in breast 
carcinoma. The potential mechanism underlying the 
unfavourability of inner tumors should be explored. It is 
difficult to use the site of the primary tumor as a prognostic 
criterion until the mechanism is clarified.
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Table S1 Tumor location and 5-year disease-free, distant metastasis-free, and overall survival in the subgroup analysis (n=338) 

Subgroup Variable No. of patients DMFS (%) P value DFS (%) P value OS (%) P value

Triple-negative Tumor location <0.001 <0.001 <0.001

Outer quadrant 100 85.0 77.0 96.0

Upper-inner quadrant 32 65.6 46.9 100.0

Lower-inner/central quadrant 32 43.8 37.5 62.5

HER-2 subgroup Tumor location 0.008 0.008 <0.001

Outer quadrant 100 78.0 78.0 96.0

UI quadrant 22 86.4 86.4 72.7

Lower-inner/central quadrant 20 55.0 55.0 60.0

NO-RT Tumor location <0.001 <0.001 <0.001

Outer quadrant 226 84.5 80.1 94.7

Upper-inner quadrant 78 83.3 75.6 92.3

Lower-inner/central quadrant 64 65.6 54.7 81.2

DMFS, distant metastasis-free survival; DFS, disease-free survival; OS, overall survival; HER-2, human epidermal growth factor receptor 2; 
NO-RT, no-radiation therapy.
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