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INTRODUCTION

The identification of prognostic and predictive factors for 
specific treatments continues to be a major area of research. 
The prognostic role of tumor location in breast cancer has not 
yet been clarified. There is insufficient evidence to declare that 
breast tumors located in different hemispheres of the breast 
have significantly different biological characteristics. However, 
several recent studies have reported a higher risk of relapse and 
death among women with primary tumors in the medial 
breast than that among women with cancer in the lateral breast 

[1]. It is reasonable to assume that this increased risk may be 
due to metastases originating from involved but untreated in-
ternal mammary nodes (IMNs). Although studies have shown 
that treatment of IMNs is associated with a small but consis-
tent long-term benefit, current clinical practice does not rou-
tinely include surgical removal of IMNs or radiation of the re-
gion [2-4]. This issue is relevant to radiologic and medical de-
cisions about adjuvant treatment.

This study is a retrospective review of patients with operable 
breast cancer. The purpose of this study was to evaluate the ef-
fect of breast cancer location on survival outcomes and to 
identify groups of patients who would benefit most from 
treatment of IMNs.

METHODS

Study population
Data from 5,330 eligible patients with breast cancer who 

were treated at Sun Yat-Sen University Cancer Center be-
tween January 1997 and December 2008 were retrospectively 
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Purpose: This study investigated the clinicopathological features 
of operable breast cancer lesions located in different hemi-
spheres of the breast and determined related survival outcomes. 
Methods: Data from 5,330 patients with invasive ductal carcinoma 
were retrospectively analyzed based on tumor location. Results: 
The median follow-up time was 68 months (range, 18–176 
months). Patients with breast cancer located in the outer hemi-
sphere of the breast had lesions with more advanced nodal 
stages and more frequently received adjuvant chemotherapy 
than patients with breast cancer in the inner hemisphere. The 
5-year disease-free survival (DFS) rates of patients with tumors 
located in outer versus inner hemispheres were 81.5% and 
77.0%, respectively (p=0.004); the overall survival (OS) rates 
were 90.7% and 88.8%, respectively (p<0.001). The association 
between tumor location and the 5-year DFS rate was most ap-

parent in node-positive patients (73.1% vs. 65.8% for outer vs. 
inner hemisphere lesions, p<0.001) and in patients with primary 
tumors greater than 2 cm in diameter (78.2% vs. 72.3%, 
p=0.002). Multivariate analysis showed that tumor location was 
an independent predictor of DFS (hazard ratio [HR], 1.23; 
p=0.002) and OS (HR, 1.28; p=0.006). There were no significant 
differences in 5-year DFS or OS rates between patients with out-
er versus inner hemisphere tumors when internal mammary node 
irradiation was performed. Conclusion: This study demonstrated 
that tumor location was an independent prognostic factor for 
operable breast cancer. Internal mammary node irradiation is 
recommended for patients with breast cancer of the inner hemi-
sphere and positive axillary lymph nodes or large primary tumors.
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analyzed. The recruitment criteria have been described previ-
ously [5]. In brief, eligibility criteria included invasive ductal 
carcinoma, nonmetastatic breast cancer at diagnosis, availabil-
ity of complete medical records, and at least 12 months of fol-
low-up. Patients with tumors located in the central portion of 
the breast and the nipple were excluded (n= 479). All patients 
were staged according to the American Joint Committee on 
Cancer Tumor-Node-Metastasis Staging System for Breast 
Cancer (AJCC 2010, 7th edition). The Institutional Review 
Board and academic committee of Sun Yat-Sen University 
Cancer Center reviewed and approved this study (IRB num-
ber: B2014-018-01).

Initial treatments
Of the 5,330 patients included in this study, 5,069 (95.1%) 

underwent radical mastectomy and 261 (4.9%) underwent 
breast-conserving surgery (BCS). None of the patients under-
went IMN dissection. Moreover, 4,725 patients (88.6%) re-
ceived adjuvant chemotherapy after surgery. The following 
three regimens were administered: a classical cyclophospha-
mide, methotrexate, and fluorouracil regimen; an anthracy-
cline-based regimen; and a combined anthracycline and tax-
ane regimen (henceforth referred to as “taxane-based regi-
men”). The indications for these three regimens were based on 
National Comprehensive Cancer Network guidelines. The 
main indications for radiotherapy included the following: four 
or more positive lymph nodes in the lymphatic region (selec-
tive for patients with one to three positive lymph nodes); pri-
mary tumor diameter greater than 5 cm; and BCS. Locore-
gional radiotherapy was delivered at doses from 46 to 50 Gy. 
After BCS, all patients received 46 to 50 Gy to the whole breast, 
followed by a boost of 10 Gy to the primary tumor bed. There 
were no guidelines defining which patients should receive 
IMN radiotherapy (IMNRT); radiologists made decisions 
based on their experience. Adjuvant endocrine therapy was 
recommended for all patients with estrogen receptor (ER)- or 
progesterone receptor (PR)-positive tumors. Generally, tamox-
ifen was administered for 5 years after chemotherapy. 

Statistical analysis 
A group of three experienced statisticians performed the 

statistical analysis. Disease-free survival (DFS) was defined as 
the interval from the first treatment for breast cancer to the 
first recurrence (locoregional relapse, distant metastasis, or 
contralateral breast recurrence). Overall survival (OS) was de-
fined as the period from the date of diagnosis to the date of 
death from any cause or the date of the last follow-up. Locore-
gional relapse was defined as the recurrence of cancer in ei-
ther the treated breast or the ipsilateral lymph node-bearing 

area (axillary, internal mammary, and supraclavicular nodes). 
Distant metastasis was defined as metastasis to any other site. 

Clinicopathological parameters were assessed using chi-
square tests. Cumulative survival probabilities were calculated 
by the Kaplan-Meier method. Survival rates were compared 
by log-rank tests. Multivariate analyses were performed using 
the Cox regression model. Subsequently, variables with a uni-
variate result of p< 0.20 [6] and some traditional prognostic 
factors such as age at diagnosis, tumor size, lymph node in-
volvement, histologic grade, ER/PR status, human epidermal 
growth factor receptor 2 (HER2) status, and lymphovascular 
invasion (LVI), were included in the multivariate analysis. 

Multivariate analysis was also used to evaluate the prognos-
tic significance of tumor location. To examine whether the ef-
fect of IMNRT on survival was related to tumor location, we 
conducted interaction tests for tumor location (inner vs. out-
er) and IMNRT (yes vs. no). If an interaction test was signifi-
cant, indicating that tumor location significantly differed de-
pending on IMNRT, subgroup analyses were performed [7]. 
Each hazard ratio is presented with a 95% confidence interval. 
All statistical tests were two-tailed, and p< 0.05 was consid-
ered significant. Statistical analysis was performed using SPSS 
version 16.0 (SPSS Inc., Chicago, USA).

RESULTS

Patient characteristics 
Of the 5,330 patients, 3,568 (66.9%) had tumors located in 

the outer hemisphere of the breast (upper-outer and lower-
outer) and 1,762 (33.1%) had tumors in the inner hemisphere 
of the breast (upper-inner and lower-inner). Table 1 shows the 
clinicopathological characteristics of patient subgroups accord-
ing to breast cancer location. Age at diagnosis, menopausal 
status, tumor size, pathologic stage, hormone receptor status, 
HER2 status, LVI, primary surgery, adjuvant radiotherapy, and 
endocrine therapy were not significantly different between the 
subgroups. However, significant differences were noted in 
lymph node status and adjuvant chemotherapy. The outer 
hemisphere subgroup had a higher percentage of positive 
lymph nodes, and patients in this subgroup were more likely to 
receive adjuvant chemotherapy.

Survival
The median follow-up time was 68 months (range, 18–176 

months). During follow-up, 857 patients (16.1%) relapsed, and 
543 patients (10.2%) died from tumor-related causes. The esti-
mated 5-year DFS rates of patients with breast cancer of the 
outer and inner hemisphere were 81.5% and 77.0%, respec-
tively (p= 0.004); the 5-year OS rates were 90.7% and 88.8%, 
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respectively (p< 0.001) (Figure 1A, B). 
Patients were further categorized by traditional prognostic 

factors, including age (younger or older than 35 years), lymph 
node status (negative or positive), tumor size (smaller or larg-
er than 2 cm in diameter), ER/PR status (negative or positive), 
HER2 status (negative or positive), and LVI status (present or 
absent). The 5-year DFS and OS rates were not significantly 
different between patients with breast cancer of the outer ver-
sus inner hemisphere, except for patients with positive lymph 
nodes or tumors lager than 2 cm in diameter. Among the pa-
tients with positive lymph nodes, the 5-year DFS rates for pa-
tients with breast cancer of the outer and inner hemisphere 
were 73.1% and 65.8%, respectively (p< 0.001); the 5-year OS 
rates were 86.3% and 83.0%, respectively (p= 0.001) (Figure 
2A, B). Among the patients with tumors larger than 2 cm in 
diameter, the 5-year DFS rates for patients with breast cancer 
of the outer and inner hemisphere were 78.2% and 72.3%, re-
spectively (p= 0.002); their OS rates were 89.0% and 86.3%, 
respectively (p< 0.001) (Figure 2C, D). 

To explore the role of IMNRT, we analyzed data from 1,201 
patients with four or more positive lymph nodes, which was 
one of the absolute indications for radiotherapy at our insti-
tute. Of the 1,201 cases, 288 received IMNRT (212 patients 
with outer hemisphere lesions and 76 patients with inner 
hemisphere lesions), while 913 did not receive IMNRT. Tradi-
tional prognostic factors were well balanced between the sub-
groups. The 5-year DFS rates of patients with breast cancer 
who did or did not receive IMNRT were 69.1% and 54.7%, re-
spectively (p< 0.001); their OS rates were 84.3% and 74.1%, 
respectively (p= 0.002) (Figure 3A, B). Among the patients 
treated with IMNRT, there was no significant difference in the 
5-year DFS rate between patients with inner versus outer 
hemisphere lesions (69.5% vs. 67.1%, p= 0.581); similar re-
sults were observed for OS (87.2% vs. 86.5%, p= 0.678).

Multivariate analysis 
Multivariate analysis demonstrated that young age, positive 

lymph node status, large primary tumor, negative hormone 
receptor status, HER2 positivity, and presence of LVI were in-
dependent adverse prognostic factors for DFS. Similar results 
were seen for OS (Table 2). After adjusting for the effects of 
some traditional prognostic factors, tumor location was found 
to be an independent prognostic factor for DFS and OS. Pa-
tients with breast cancer of the inner hemisphere had a higher 
risk of recurrence and death than patients with breast cancer 
of the outer hemisphere. Interactions between tumor location 
and IMNRT were not significant, indicating that the effects of 
tumor location and IMNRT were independent (Table 2).

Multivariate Cox regression analysis suggested that different 

Table 1. Clinical characteristics and treatment of cancer in different 
breast hemispheres

Variable

Outer 
hemispheres 
(n=3,568)

No. (%)

Inner 
hemispheres 
(n=1,762)

No. (%)

p-value

Age (yr)* 47.4±10.6 47.3±10.7 0.551†

Age-specific groups 0.982
   ≤35 467 (13.1) 233 (13.2)
   36–69 2,987 (83.7) 1,474 (83.7)
   ≥70 114 (3.2) 55 (3.1)
Menopausal status 0.616
   Premenopausal 2,072 (58.1) 1,036 (58.8)
   Postmenopausal 1,496 (41.9) 726 (41.2)
Tumor size (cm) 0.813
   ≤2.0 1,109 (31.1) 534 (30.3)
   >2.0, ≤5.0 2,222 (62.3) 1,106 (62.8)
   >5.0 237 (6.6) 122 (6.9)
Lymph node status <0.001
   0 1,710 (47.9) 967 (54.9)
   1–3 1,061 (29.7) 391 (22.2)
   4–9 472 (13.2) 239 (13.6)
   >10 325 (9.1) 165 (9.4)
AJCC stage group 0.078
   Stage I 656 (18.4) 364 (20.7)
   Stage II 2,047 (57.4) 960 (54.5)
   Stage III 865 (24.2) 438 (24.9)
Hormonal receptor status 0.126
   ER+ 2,186 (61.3) 1,118 (63.5)
   PR+ 2,357 (66.1) 1,218 (69.1)
   ER+/PR+ 2,636 (73.9) 1,341 (76.1)
HER2 status 0.546
   Positive 793 (22.2) 378 (21.5)
   Negative 2,775 (77.8) 1,384 (78.5)
Histologic grade 0.208
   I 907 (25.4) 438 (24.9)
   II 1,110 (31.1) 590 (33.5)
   III 1,551 (43.5) 734 (41.7)
LVI 0.849
   Yes 84 (2.4) 43 (2.4)
   No 3,484 (97.6) 1,719 (97.6)
Primary surgery 0.104
   Mastectomy 3,388 (95.0) 1,681 (95.4)
   BCS 180 (5.0) 81 (4.6)
Adjuvant chemotherapy 0.019
   Yes 3,189 (89.4) 1,536 (87.2)
   No 379 (10.6) 226 (12.8)
Adjuvant radiotherapy 0.703
   Yes 824 (23.1) 398 (22.6)
   No 2,744 (76.9) 1,364 (77.4)
Adjuvant endocrine therapy 0.537
   Yes 2,008 (56.3) 1,008 (57.2)
   No 1,560 (43.7) 754 (42.8)

AJCC =American Joint Committee on Cancer; ER =estrogen receptor; 
PR=progesterone receptor; HER2=human epidermal growth factor receptor 
2; LVI= lymphovascular invasion; BCS=breast-conserving surgery.
*Mean±SD; †Mann-Whitney.
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prognostic factors applied to tumors in different locations 
(Table 3). Younger age, positive lymph node status, large tu-
mor size, negative hormone receptor status, positive HER2 

status, and LVI were independent unfavorable prognostic fac-
tors for DFS in patients with breast cancer of the outer hemi-
sphere. However, only positive lymph node status and large 
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Figure 1. Five-year disease-free survival (DFS) and overall survival (OS) rates by location of breast cancer in different hemispheres (n=5,330). (A) The 
5-year DFS. (B) The 5-year OS.
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Figure 2. Five-year disease-free survival (DFS) and overall survival (OS) rates for patients who were lymph node positive (n=2,653) or had tumors 
larger than 2 cm in diameter (n=3,687) by location of breast cancer in different hemispheres. (A) The 5-year DFS for patients who were lymph node 
positive. (B) The 5-year OS for patients who were lymph node positive. (C) The 5-year DFS for patients who had tumors larger than 2 cm in diameter. 
(D) The 5-year OS for patients who had tumors larger than 2 cm in diameter.
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primary tumor size were independent unfavorable prognostic 
factors for DFS in patients with breast cancer of the inner 
hemisphere.

Pattern of recurrence
Only the location of first recurrence was analyzed in this 

study (Table 4). A significantly higher incidence of locore-

gional recurrence—including local sites and regional lymph 
nodes—and distant organ metastasis—in the lung and liver 
rather than in the bone, brain, or other distant sites—were ob-
served in patients with breast cancer of the inner hemisphere. 
Interestingly, patients with breast cancer of the inner hemi-
sphere also had a significantly higher rate of mediastinal 
lymph node metastasis. 

Table 2. Multivariate analysis of disease-free survival and overall survival in all population

Variable
Disease-free survival Overall survival

HR (95% CI) p-value HR (95% CI) p-value

Age (≤35 yr vs. >35 yr) 0.69 (0.59–0.80) <0.001 0.72 (0.58–0.89) 0.002
Tumor size (≤2 cm vs. >2 cm) 1.94 (1.64–2.30) <0.001 1.96 (1.54–2.49) <0.001

Node status (neg. vs. pos.) 1.91 (1.66–2.19) <0.001 2.38 (1.95–2.91) <0.001

Hormone receptor status (neg. vs. pos.) 0.80 (0.70–0.91) 0.001 0.59 (0.49–0.70) <0.001

HER2 status (neg. vs. pos.) 1.64 (1.44–1.87) <0.001 1.09 (1.04–1.14) <0.001

Histologic grade (I/II vs. III) 3.18 (2.51–4.02) <0.001 1.75 (1.33–2.31) <0.001

Lymphovascular invasion (no vs. yes) 1.83 (1.37–2.43) <0.001 1.98 (1.35–2.91) <0.001
Tumor location (outer vs. inner hemisphere) 1.23 (1.08–1.39) 0.002 1.28 (1.07–1.52) 0.006

Hazard ratio (HR) and 95% confidence interval (CI) were calculated with COX regression analysis.
neg.=negative; pos.=positive; HER2, human epidermal growth factor receptor 2.

Table 3. Multivariate analysis of disease-free survival of patients with breast cancer located in different hemispheres

Variable
Outer hemisphere Inner hemisphere

HR (95% CI) p-value HR (95% CI) p-value

Age (≤35 yr vs. >35 yr) 0.62 (0.50–0.77) <0.001 0.99 (0.53–1.89) 0.998
Tumor size (≤2 cm vs. >2 cm) 1.81 (1.45–2.26) <0.001 2.29 (1.36–3.86) 0.002

Node status (neg. vs. pos.) 1.93 (1.59–2.34) <0.001 2.25 (1.42–3.56) 0.001

Hormone receptor status (neg. vs. pos.) 0.84 (0.70–1.01) 0.064 0.77 (0.49–1.20) 0.242

HER2 status (neg. vs. pos.) 1.12 (1.07–1.17) <0.001 1.21 (0.95–2.35) 0.097

Histologic grade (I/II vs. III) 3.30 (2.40–4.53) <0.001 1.68 (0.85–3.32) 0.136
Lymphovascular invasion (no vs. yes) 1.81 (1.21–2.70) 0.004 3.80 (0.91–5.96) 0.068

Hazard ratio (HR) and 95% confidence interval (CI) were calculated with COX regression analysis.
neg.=negative; pos.=positive; HER2, human epidermal growth factor receptor 2.
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DISCUSSION

Of the 5,330 patients with operable invasive ductal carcino-
ma, 33.1% were located in the inner hemisphere and 66.9% 
were located in the outer hemisphere of the breast. Zucali et al. 
[1] reported that inner hemisphere tumors were observed in 
34.3% of patients. We observed that tumors located in the in-
ner hemisphere were associated with negative lymph nodes 
more frequently, and patients with these lesions were treated 
with adjuvant chemotherapy less frequently; this observation is 
consistent with routine clinical treatment. We also found that 
patients with inner hemisphere tumors had worse OS than pa-
tients with outer hemisphere tumors, and axillary lymph node 
status was an independent prognostic factor; together, these 
results suggest that inner hemisphere tumors, which are ana-
tomically closer to the internal mammary lymphatic chain, are 
more likely to have occult IMN metastases than tumors in 
nonmedial sites [8]. The other clinicopathological characteris-
tics and treatment types were not significantly different be-
tween patients with inner versus outer hemisphere tumors. 
These results suggest that different tumor locations did not 
necessarily have different tumor characteristics. 

We found that patients with inner hemisphere tumors had 
significantly worse rates of DFS and OS than patients with 
outer hemisphere tumors. Differences in survival rates were 
only observed in patients with positive lymph nodes or large 
primary tumors (larger than 2 cm in diameter). Most previ-
ous studies have suggested that patients with inner hemi-
sphere breast cancer have a higher risk of recurrence and 
death, but we only observed higher risk of recurrence and 
death in patients with tumors larger than 2 cm in diameter or 
pN1 medial lesions [1,8-10]. These results seem to indicate at 

least two main points. First, tumor location itself was an ad-
verse prognostic factor, and not all patients with inner hemi-
sphere tumors had poor prognoses. Second, the risk of IMN 
involvement increased with tumor size and positive lymph 
node status [11,12].

The results from our multivariate analysis showed that in-
ner hemisphere tumor location was an important indepen-
dent prognostic factor for operable breast cancer. After adjust-
ing for all factors linked to prognosis, inner hemisphere tu-
mors were associated with a significantly higher risk of recur-
rence and death from breast cancer than outer hemisphere tu-
mors (Table 3). Tumor size and lymph node status were the 
only independent prognostic factors for recurrence of inner 
hemisphere tumors. Patients with inner hemisphere tumors 
also had a higher rate of mediastinal lymph node, lung, and 
liver metastases as the first site of tumor recurrence than pa-
tients with outer hemisphere tumors. Notably, mediastinal 
lymph node metastasis was significantly positively related to 
lung and liver metastasis. However, the 5-year DFS and OS 
rates were not significantly different between patients with 
breast cancer of the outer versus inner hemisphere when IM-
NRT was performed. This suggests that the increased risk of 
recurrence and death from breast cancer of patients with in-
ner hemisphere lesions was due to IMN involvement. Under-
staging and subsequent under-treatment may be the main 
reasons why patients with inner hemisphere tumors had a 
higher mortality rate. There is also growing evidence that in-
ner hemisphere tumors are associated with a higher preva-
lence of positive IMNs [11,13-15]. 

However, studies of surgical or radiological treatment of 
IMNs have reported conflicting results [3,16-19]. Several ret-
rospective studies validated the therapeutic efficacy of add-
itional management of IMNs [16,20-22]. However, several 
randomized trials found that there was no survival benefit as-
sociated with additional management of IMNs [23,24]. The 
reasons for these negative results may be lower statistical pow-
er and the choice of study population. Assuming that inner 
hemisphere tumors account for 35% of all cases, and that the 
incidence of inner hemisphere tumors associated with posi-
tive lymph nodes or large tumors is around 50%, we can esti-
mate that a study would need to include 6,100 participants to 
detect an 8% difference in the survival rate. Therefore, the 
previous studies had insufficient statistical power. Alternative-
ly, results from the recent European Organization for Research 
and Treatment of Cancer trial 22922/10925 addressed the im-
pact of IMNRT to a certain extent. In this study, patients with 
axillary lymph node involvement and/or a medially located 
primary tumor were randomized to groups that did or did not 
receive internal mammary and medial supraclavicular lymph 

Table 4. Site of first tumor recurrence

Site
Outer hemisphere 

(n=3,568) 
No. (%)

Inner hemisphere 
(n=1,762)

No. (%)
p-value

Locoregional 235 (6.6) 150 (8.5) 0.011

Local 109 (3.1) 70 (4.0) 0.116

Regional LN 126 (3.5) 80 (4.5) 0.092

Bone 196 (5.5) 105 (6.0) 0.488

Lung 134 (3.8) 94 (5.3) 0.009

Liver 111 (3.1) 75 (4.3) 0.039

Brain 17 (0.5) 12 (0.7) 0.330

Other* 47 (1.3) 27 (1.5) 0.470

Mediastinal 103 (2.9) 97 (5.5) <0.001

Any 594 (11.1) 251 (14.2) 0.002

LN= lymph node.
*Including skin, contralateral breast, pleura, neck or retroperitoneum, ovary, 
and so on.
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node radiotherapy (IM-MS RT). IM-MS RT improved DFS 
and OS in patients with stage I–III breast cancer, emphasizing 
the importance of IMNRT in patients with inner hemisphere 
tumors or axillary lymph node involvement [25].

It is particularly noteworthy that IMNRT may increase the 
risk of cardiac mortality. Early studies suggested that postop-
erative irradiation may be associated with an increased inci-
dence of cardiac mortality in patients with left-sided breast 
cancer [22,26]. However, with the development of modern 
treatment planning and delivery techniques, the risk of cardi-
ac mortality associated with breast cancer irradiation has de-
clined [27,28], albeit not significantly [23,29]. Unfortunately, 
data about cardiac events were not recorded in our study. 

There were several limitations in this study. This was a retro-
spective analysis, so our data analysis was limited to the patient 
and treatment selection biases inherent in such studies. How-
ever, given the size of this study, we believe that our results are 
probably reasonably reliable for the specific patient cohorts 
that we analyzed. Additionally, exact data for IMN metastasis 
could not be obtained. We found that the mediastinal lymph 
nodes were often the site of first recurrence of inner hemi-
sphere tumors. Mediastinal lymph node metastases of breast 
cancer mainly originate from IMNs, which are the sentinel 
lymph nodes of the breast. Therefore, mediastinal lymph node 
metastasis may be a surrogate indicator of IMN metastasis.

In summary, we found that tumor location was a poor 
prognostic factor for operable breast cancer. IMNRT is rec-
ommended for patients with breast cancer of the inner hemi-
sphere with positive axillary lymph nodes or large primary tu-
mors. The role of adjuvant irradiation for IMNs should be 
further investigated. This is particularly important in the 
modern era, because radiotherapy now has less short- and 
long-term toxicities than in the past. Future studies should 
address the issue of interactions between radiotherapy and 
concomitant adjuvant systemic treatments. 
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