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radiotherapy alone for operable breast cancer with synchronous
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Background: The role of supraclavicular lymph node dissection (SCLD) in the treatment of breast cancer
with ipsilateral supraclavicular lymph node metastasis ISLM) remains controversial. We evaluated the role
of SCLD in the treatment of breast cancer with ISLM and identified patients who may benefit from SCLD.
Methods: Data on patients presenting with breast cancer to the Breast Disease Center, Southwest Hospital,
The Army Medical University from January 2004 and December 2017 were retrospectively screened. The
median duration of follow-up was 36 months (2-175 months). 305 patients who were recently diagnosed
with ISLM were eligible for the analysis.

Results: Overall, 9,236 women presented with breast cancer during the study period. Among the patients
included, 146 and 159 received SCLD with radiotherapy (RT) and RT alone, respectively. Synchronous
ISLM without distant metastases were present in 3.6% cases. The 3- and 5-year overall survival (OS) and
disease-free survival (DFS) rates were 79.5% and 73.9%, respectively, and 67.5% and 54.8%, respectively.
However, SCLD with RT was not associated with superior survival on both univariate and multivariate
analyses. On stratified analyses, patients with non-luminal A tumors with 4-9 positive axillary lymph nodes
who underwent SCLD with RT had both superior OS (HR =5.296; 95% CI: 1.857-15.107; P=0.001) and
DFS (HR =5.331; 95% CI: 2.348-12.108; P<0.001) compared with those who received RT alone.
Conclusions: SCLD may not beneficial in improving survival for unselected breast cancer patients with
ISLNM. There is less of a tendency to perform SCLD in the luminal A group.
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Introduction

The incidence of breast cancer with ISLM and without
distant metastases at presentation is 1.3-4.3% (1-3). In
1987, the American Joint Committee on Cancer (AJCC)
TNM staging system, 5" edition, classified ISLM as
M1 disease (4). Consequently, patients with ISLM were
considered to have a poor prognosis and were treated
with palliative intent only (5,6). However, in 2001, when
Brito et al. (7) reported that patients with ISLM had
better outcomes than those with distant metastases, the
AJCC 6" edition re-classified ISLM as N3¢ disease in
2003 (8).

Since then, ISLM has been regarded as potentially
curable disease with a favorable long-term prognosis if
treated appropriately (9). The treatment approach changed
and these patients started receiving combined aggressive
treatment, including neo-adjuvant chemotherapy (NAC),
surgery, adjuvant chemotherapy, radiotherapy (RT), and
endocrine and molecular targeted therapy (10-14). Local
treatment for ISLM usually comprises regional lymph node
dissection and radical RT, which may in theory, prevent the
tumor cells from spreading through lymph-vessels.

Several studies have focused on the prognosis of patients
with ISLM (15-19), most were retrospective studies with
small sample sizes. Currently, the evidence for the role of
SCLD in the treatment of patients with ISLM from breast
cancer is scarce.

In this study, we evaluated the prognostic factors
associated with survival in patients with breast cancer
and synchronous ISLM diagnosed on imaging. We also
conducted stratified analyses to identify those who may
benefit from SCLD.

Methods
Identification of patients

Data on patients presenting with breast cancer to the Breast
Disease Center, Southwest Hospital, The Army Medical
University between January 2004 and December 2017, were
retrospectively screened. Among a total of 9,236 patients,
ISLM was diagnosed in 353 by ultrasonography or positron
emission tomography—-computed tomography (PET-
CT). Suspected signs of malignancy in the supraclavicular
lymph nodes on ultrasonography included the following:
(D) irregular shape, (II) vague boundaries, (III) changes in
internal architecture (loss of hilar architecture, presence of
intranodal necrosis, and calcification), (IV) unclear cortical
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medullary boundaries, and (V) presence of vascularity. In
clinical practice, lymph nodes are considered to be positive
for metastasis when 3 or more of these suspicious signs are
present. Patients with suspicious findings on ultrasound
were referred for fluorodeoxyglucose-positron emission
tomography/computer tomography (FDG-PET/CT)
when a definite diagnosis could not be made. Lymph nodes
with a higher uptake than the surrounding normal tissue,
excluding physiological uptake, were considered to have
metastases.

Patients who had other malignant tumors (n=14),
ipsilateral supraclavicular lymph node enlargement due
to other reasons (n=7), and those who did not undergo
standardized treatment (n=27) were excluded from analysis
(Figure I). Finally, 305 patients with ISLM, diagnosed
either by ultrasonography (n=254) or positron emission
tomography-computed tomography (PET-CT) (n=51)
were eligible. All included patients had been assessed at
presentation by the clinical history, findings on physical
examination, mammography, ultrasonography, chest
computed tomography (CT), breast magnetic resonance
imaging (MRI), and bone scintigraphy.

Study variables

The primary outcome of interest was survival. We
evaluated the clinicopathological variables for each case,
including age, tumor location (left- or right-sided, central,
or by quadrant), T stage (AJCC TNM stage, 6™ edition),
pathological type, ER (positivity defined as >1%), PR
(positivity defined as >1%), Ki67 status, HER2 status,
molecular subtype, number of involved axillary lymph nodes
(surgical specimen after NAC), and infraclavicular lymph
node status. The ER and PR status, Ki-67 labelling index,
and HER2 status were evaluated immunohistochemically;
fluorescence iz situ hybridization (FISH) for the HER2
status was performed as required. Patients were classified
into 4 molecular subtypes, namely, luminal A (ER and PR
positive, HER2 negative, and Ki67 <14%), luminal B (ER
positive and/or PR positive and HER2 positive, or ER
positive and/or PR positive and HER2 negative), HER2 (ER
and PR negative and HER?2 positive), and triple negative
(ER and PR negative and HER?2 negative).

Treatment

Chemotherapy
Patients received 4-8 cycles of anthracycline-based
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Figure 1 Diagram of study cohort selection steps.

neoadjuvant chemotherapy (NAC); the initial doses
were according to the recommendations of the National
Comprehensive Cancer Network (NCCN) guidelines.
Dose adjustments in the protocol were individualized on
a case basis. In those who received some of the courses of
chemotherapy prior to surgery, the remaining courses were
completed in the adjuvant setting.

Surgery

All patients underwent modified radical mastectomy after
NAC; axillary lymph node dissection of levels I, II, and
III was also performed. SCLD was performed depending
on the findings on ultrasonography/PET-CT. The scope
of SCLD usually involved a triangular region formed by
the internal jugular vein (medial border), subclavian vein
(lower border), and omohyoid (lateral and superior border)
(8" AJCQC), which contains neck nodes of levels IV, VB,
and part of III. Lymph nodes outside this area were also
explored and suspicious enlarged lymph nodes were sent for
pathological examination separately.

RT
Adjuvant regional RT included the chest wall, axilla, and
the infraclavicular, supraclavicular, and internal mammary
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standardized treatment (n=27)

regions. The prescribed dose ranged from 46 to 50 Gy in
23-25 fractions.

Additional adjuvant treatment

Further adjuvant treatment was administered in accordance
with the recommendations of the NCCN guidelines.
Overall, 171 and 62 patients received endocrine therapy
for ER-positive or PR-positive disease and trastuzumab
(Herceptin) for HER2 overexpression, respectively. ER-
positive or PR-positive breast cancer patients underwent
postoperative endocrine therapy with tamoxifen or an
aromatase inhibitor. Trastuzumab was incorporated into
the adjuvant treatment and administered for 1 year after

surgery.

Assessment of efficacy

The rates of events were calculated by dividing the number
of first observed events during follow-up by the number of
individuals from the date of surgery till the date of the last
visit. Disease-free survival (DFS) was defined as the time
starting from the date of surgery to relapse or death. OS
was defined as the time from the date of surgery till death
from any cause. The efficacy of NAC was assessed using
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the Response Evaluation Criteria in Solid Tumors criteria,
which define response as follows: progressive disease (PD):
a 220% increase in the total length of the baseline lesion
or a new lesion; stable disease (SD): decrease in the total
length of the baseline lesions but not sufficient for PR, or
have increased but have not reached PDj partial response
(PR): decrease in the total length of the baseline lesions by
>30%; complete response (CR): disappearance of all target
lesions. PR + CR and PD + SD were defined as valid and
invalid responses, respectively.

Follow-up

Every patient was evaluated at 1, 3, 6, and 12 months after
surgery for SCLD-related complications.

During this period, patients were examined every 3 to 6
months for 2 years after the surgery, every 6 to 12 months
between 3 and 5 years, and once a year after 5 years.

The survival status of patients lost to follow-up for
more than 1 year was obtained either over telephone from
contacts or through local death registers. Follow-up visits
included the evaluation of general health status, physical
examination, ultrasonography of the breast and accessory
lymph nodes, chest radiographs, and other imaging
examinations as required.

Statistical analysis

The Pearson’s chi-square test was used to compare the
clinicopathologic categorical variables. Survival curves for
time-to-event variables were estimated using the Kaplan-
Meier method and were compared using log-rank tests.
Factors with a P value <0.1 were considered relevant and
were entered into the Cox proportional hazards regression
analysis. We subsequently performed a stratified analysis to
further evaluate the impact of SCLD on subsets of patients
with ISLM. Patients were stratified by independent factors
associated with survival. During stratified analysis, the
conclusions were based on the fact that the proportions
of distribution of the independent prognostic factors on
multivariate analysis showed no significant difference
between groups. The Pearson’s Chi-square test was used
to compare the proportions of the distribution. All the
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statistical analyses were performed using SPSS statistical
software, version 25.0 (IBM Corp, Armonk, NY, USA).

Results

Data from 9,236 breast cancer patients were retrospectively
screened. Among them, 305 patients were finally eligible
for analysis in our study. eventually, counting in 27 patients
who did not undergo standardized treatment, the rate of
synchronous ISLM in this cohort was 3.6%. Among those
analyzed, 146 and 159 patients received SCLD with RT and
RT alone, respectively.

Clinicopathological characteristics

The clinicopathological characteristics of this cohort are
summarized in Tible 1.

The median age was 48 years (range, 25-83 years); 22
(7.2%) and 283 (92.8%) patients were younger and older
than 35 years of age, respectively. The primary tumor was
on the left and right sides in 180 (59.0%) and 125 (41.0%)
patients, respectively. Most of the patients (61.0%) had
primary tumors in the upper outer quadrant. The primary
tumor sizes in 57 (18.7%), 195 (63.9%), 29 (9.5%), and 24
(7.9%) patients were T1, T2, T3, and T4, respectively. A
total of 251 (82.3%) patients had a diagnosis of invasive
ductal carcinoma. The tumors in 198 (64.9%), 166 (54.4%),
and 83 (27.2%) patients tested positive for ER, PR, and
HER?2, respectively. The number of involved axillary nodes
in 107 35.1%), 72 (23.6%), 65 (21.3%), and 61 (20.0%)
patients were 0, 1-3, 4-9, and >10, respectively. The
infraclavicular lymph nodes were involved in 54 (17.7%)
patients; 146 patients (47.9%) underwent supraclavicular
lymph node dissection (SCLD) while the remaining 159
(52.1%) did not.

The clinicopathological characteristics of the SCLD and
RT cohorts are summarized in Table S1.

Survival outcomes

The median duration of follow-up in the 305 patients
finally included, was 36 months (2-175 months). The 3-
and 5-year OS and DFS were 79.5% and 73.9%, and 67.5%
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Table 1 ISLM patient clinicopathological characteristics Table 1 (continued)
ISLM (n=305)
Characteristic o ISLM (n=305)
No. % Characteristic N %
0. (
Age (years) TNBC 64 21.0
<35 22 7.2 Ki67
=35 283 92.8 <14% 82 26.9
Tumor location >14% 223 73.1
A .
Left 180 59.0 The number of involved axillary lymph nodes
Right 125 41.0 0 107 35.1
Tumor quadrant 1-3 72 23.6
Outer upper 186 61.0 4-9 65 21.3
Outer lower 27 8.9 =10 61 20.0
Inner upper 28 9.2 Involvement of infraclavicular lymph node
Inner lower 17 5.6 No 251 82.3
central 47 15.4 Yes 54 1.7
Primary tumor size SCLD
T1 57 18.7 No 159 52.1
T2 195 63.9 Yes 146 47.9
T3 29 9.5 NAC
T4 24 7.9 PD + SD 119 39.0
Histological type PR + CR 186 61.0

Invasive ductal carcinoma 251 82.3 ISLM, ipsilateral supraclavicular lymph node metastasis; ER,

Other types 54 17.7 estrogen receptor; PR, progestational hormone; HER-2, human

epidermal growth factor receptor-2; TNBC, triple negative breast

cancer; SCLD, supraclavicular lymph node dissection; NAC,

Negative 107 35.1 neoadjuvant chemotherapy; PD, progressive disease; SD, stable
disease; PR, partial disease; CR, complete disease.

ER

Positive 198 64.9
PR
Negative 139 45.6 and 54.8%, respectively. The Kaplan-Meier curves are
Positive 166 544 shown in Figure 24. On unadjus.ted analysis, patients in the
SCLD cohort had poorer survival; the 3- and 5-year OS
HER-2 was 69.8% and 65.8% in the SCLD cohort vs. 87.0% and
Negative 222 72.8 80.2% in the RT cohort. (P=0.018) (Figure 2B). Similar
Positive 83 27.0 results were obtained for 3- and 5-year DFS in the SCLD

and RT cohorts, which were 61.1% and 49.0%, respectively,

Molecular subtype . . .
and 72.0% and 8.3%, respectively; this difference was

Luminal A 80 262 statistically significant (P=0.020) (Figure 2C).
Luminal B 121 39.7
HER2-overexpressing 40 13.1

Univariate analysis for survival

Table 1 (continued)
On univariable analysis, no significant association was noted
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Figure 2 Kaplan-Meier curves. (A) Kaplan-Meier estimates of overall survival and disease-free survival for all patients with supraclavicular

lymph node metastases; (B) Kaplan-Meier analysis comparing overall survival in patients treated with SCLD plus RT and RT alone; (C)

Kaplan-Meier analysis comparing disease- free survival in patients treated with SCLD plus RT and RT alone. SCLD, supraclavicular lymph

node dissection; RT, radiotherapy.

between age at diagnosis of synchronous ISLM, tumor
location, tumor quadrant, primary tumor size, histological
type, HER2 status, and the OS and DFS. However, negative
ER status (OS: P<0.001, DFS: P<0.001), negative PR status
(OS: P<0.001, DFS: P<0.001), Ki67 >14% (OS: P=0.025,
DFS: P=0.016), involvement of infraclavicular lymph nodes
(OS: P<0.001, DFS: P<0.001), and SCLD (OS: P=0.018,
DEFS: P=0.020) were associated with poor prognosis. The
molecular subtype (OS: P<0.001, DFS: P<0.001) and
number of involved axillary lymph nodes (OS: P<0.001,
DFS: P<0.001) were significantly associated with both, OS
and DFS (Table 2).

Cox multivariable model for assessment of risk factors

After controlling for significant covariables including ER,
PR, Ki67, molecular subtype, infraclavicular lymph node
involvement, number of involved axillary lymph nodes,
SCLD in the Cox multivariable model, upfront molecular
subtype (P<0.001), the number of involved axillary
lymph nodes (P=0.013) and infraclavicular lymph node
involvement were independently associated with OS (HR
=0.544; 95% CI: 0.305-0.973; P=0.040). Upfront ER (HR
=1.871; 95% CI: 1.061-3.300; P=0.030), PR (HR =1.826;
95% CI: 1.032-3.232; P=0.039), number of involved axillary
lymph nodes (P<0.001), and infraclavicular lymph node
involvement (HR =0.568; 95% CI: 0.354-0.913; P=0.019)
were independently associated with DFS. Nevertheless,
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SCLD was not significantly associated with OS or DFS
(Tible 3).

Additional stratified analyses

"To identify potential differences in the benefits of SCLD in
patients with variable prognosis, we compared the baseline
independent prognostic factors between the SCLD and
RT cohorts. The patients were initially categorized by the
number of involved axillary lymph nodes. In patients with
0 positive axillary lymph nodes, SCLD demonstrated no
benefits in either OS (HR: 0.361; 95% CI: 0.126-1.033,
P=0.058; Figure 3) or DFS (HR: 0.773; 95% CI: 0.346—
1.725; P=0.529; Figure 4). No significant differences in
OS (HR: 0.796; 95% CI: 0.364-1.745; P=0.570) and DFS
(HR: 0.767; 95% CI: 0.379-1.551; P=0.460) were noted in
patients with more than 10 positive axillary lymph nodes
in either group. Considering the baseline independent
prognostic factors in either cohort, patients with 1-3, 4-9
positive axillary lymph nodes were unbalanced, and no
conclusions could be made. On further stratified analyses,
we found that SCLD may offer significant benefits in
patients with non-luminal A tumors and 4-9 positive axillary
lymph nodes, offering superior OS (HR: 5.296; 95% CI:
1.857-15.107; P=0.001; Figures 5,64) and DFS (HR: 5.331;
95% CI: 2.348-12.108; P<0.001; Figures 6B,7) compared
to RT. No other subgroup of the SCLD and RT cohorts
demonstrated significant differences in OS or DFS when
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Table 2 Univariable analyses of factors associated with survival Table 2 (continued)
outcomes
- 3-yr(5-yr) OS 3-yr(5-yr) DFS
yr(5- yr(5- haracterist P val P val
Characteristic 3-yr(5-yr) OS P value 3-yr(5-yr) DFS P value Characteristic (%) value (%) value
(%) (%)
HER2- 76.2 (62.8 53.2 (563.2
Age (years) 0.391 0.240 ) ¢ ) ( )
overexpressing
<35 75 (67.5) 554 (55.4) TNBC 66.0 (57.7) 52.1(26.9)
>35 79.8 (74.5) 68.0 (53.7) K67 0.005 0016
Tumor location 0.465 0.130 <14% 88.3 (81.3) 76.1 (64.3)
Left 767 (73.4) 632 (49.8) >14% 76.4 (71.3) 63.8 (50.4)
Right 835 (74.5) 726 (60.6) The number of axillary involved <0.001 <0.001
Tumor quadrant 0.946 0.801 lymph nodes
Outer upper 79.7 (73.0) 65.6 (53.1) 0 89.9 (83.5) 79.4 (66.8)
Outer lower 86.4 (67.3) 59.9 (49.9) 1-3 86.0 (81.2) 72.8 (65.7)
Inner upper 75.7 (75.7) 68.3 (44.8) 4-9 78.8 (71.1) 60.5 (46.0)
Inner lower 76.9 (76.9) 67.8 (45.2) >10 57.4 (50.5) 46.2 (29.4)
central 78.3 (78.3) 73.3 (62.9) Involvement of infraclavicular <0.001 <0.001
Primary tumor size 0.110 0.111 lymph node
N 85.0 (78.9 72.5(59.4
i 85.9 (83) 72.2 (62.1) © (78.9) (59-4)
T2 198 (73.5) 66.3 (55.9) Yes 52.4 (49.5) 40.0 (27.5)
T3 76.3 (71.6) 55.8 (39.1) SCLD 0.018 0.020
Ye . . 1.1 (49.
T4 62.5 (52.1) 56.7 (37.8) es 698 (65.8) 61.1(49.0)
N 87.0(80.2 72.0 (58.3
Histological type 0.716 0.470 ° ¢ ) ( )

. ER, estrogen receptor; PR, progestational hormone; HER-
Inva§|ve ductal  80.0 (73.8) 66.3 (52.7) 2, human epidermal growth factor receptor-2; TNBC, triple
carcinoma negative breast cancer; SCLD, supraclavicular lymph node
Other types 77.4(74.2) 70.6 (60.5) dissection.

ER <0.001 <0.001
Negative 70.0 (60.4) 52.1(37.0) the baseline of upfront independent prognostic factors were
Positive 84.6 (80.9) 75.2 (62.7) considered.
PR <0.001 <0.001
Negative 69.0 (61.3) 53.2 (37.9) Safety
Positive 88.1(83.9) 78.4 (66.8) Among the 146 patients who underwent SCLD, 16
HER-2 0.371 0.421 developed delayed swelling of the ipsilateral upper arm after
) e o .
Negative 80.7 (75.7) 70.0 (54.1) surg.ery, the incidence was 10.96% (16/.146). Postoperfmve
N cervical chylous lymphocele was noted in 6 (4.1%) patients
Positive 764 (69.1) 593 (54.1) (24-hour volume of drainage greater than 200 mL); they
Molecular subtype <0.001 <0.001 were managed by compression and drainage without
Luminal A 98.4 (96.3) 89.7 (77.2) the need for secondary surgery. None of the patients
experienced postoperative supraclavicular hemorrhage
Luminal B 75.5 (71.1) 64.7 (52.7) p postoperative supraciav 8¢

edema, movement disorders of the head and neck, pleural

Table 2 (continued) effusion, or chylothorax.
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Table 3 Multivariable analyses of factors associated with survival outcomes
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oS DFS
HR (95% CI) P value HR (95% Cl) P value

ER (-) vs. ER (+) * 0.302 1.871 (1.061-3.300) 0.030
PR (-) vs. PR (+) * 0.215 1.826 (1.032-3.232) 0.039
Ki67

>14% vs. <14% * 0.662 * 0.189
Molecular subtype 0.000 * 0.227

Luminal B vs. Luminal A 6.160 (1.879-20.190) 0.003 * 0.056

HER2-overexpressing vs. Luminal A 11.562 (3.119-42.857) 0.000 * 0.931

TNBC vs. Luminal A 12.091 (3.623-40.351) 0.000 * 0.561
The number of axillary involved lymph
nodes 0.013 0.000

N1 vs. no 1.177 (0.528-2.624) 0.691 0.941 (0.508-1.741) 0.846

N2 vs. no 1.855 (0.879-3.914) 0.105 2.207 (1.298-3.753) 0.003

N3 vs. no 3.202 (1.489-6.888) 0.003 3.331 (1.905-5.824) 0.000
Involvement of infraclavicular lymph
node

No vs. yes 0.544 (0.305-0.973) 0.040 0.568 (0.354-0.913) 0.019
SCLD

No vs. yes * 0.403 * 0.405

*, HR (95% CI) was not given when P>0.05 in Cox proportional hazards regression analysis. ER, estrogen receptor; PR, progestational
hormone; HER-2, human epidermal growth factor receptor-2; TNBC, triple negative breast cancer; SCLD, supraclavicular lymph node dis-

section.

Discussion

Patients with breast cancer who presented with ISLM
at diagnosis, were previously considered to have a poor
prognosis (5,6). ISLM was therefore classified as stage
M1 disease in the AJCC 5" edition of 1987. However,
in 2001, Brito et al. (7) reported that patients with ISLM
had better outcomes than patients with stage IV disease.
Consequently, in 2003, the AJCC revised the TNM staging
of breast cancer to categorize ISLM as stage N3c, clinical
stage IIIC (any T, N3, MO0). Therefore, breast cancer with
ISLM should be regarded as locoregional disease and thus
locoregional treatments such as regional RT or surgery may
offer a better prognosis.

ISLM is known to confer a relatively poor prognosis in
breast cancer. Several studies have reported the 5-year OS
and DFS in patients with ISLM to range from 33.3% to
78% and 25% to 51%, respectively (7,12,15,17,18,20,21).
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In the present study, the 3- and 5-year OS and DFS were
79.5% and 73.9%, and 67.5% and 54.8%, respectively.
These findings were similar to that of previous studies.
However, on univariate analyses of survival in either cohort,
we found that patients with ISLM in the SCLD cohort
had poor OS and DFS. We speculated that this difference
in survival between the groups was probably caused by
unbalanced baseline characteristics. So that we did not
suggest unselected patients with ISLM accept SCLD as
it was not beneficial for survival in the entire cohort of
patients.

Locoregional RT after surgery for breast cancer with
ISLM has provided acceptable in-field regional control
rates in previous studies (13,22). As opposed to radical RT,
the role of SCLD remains controversial since ISLM is
considered to be the precursor of distant spread, and local
control is not a major factor. Chang ez a/. (15) suggested that
SCLD should be considered in selected cases. Interestingly,
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Figure 3 Forest plots of subgroup overall survival analyses stratifying by the number of involved axillary lymph nodes.

Favors RT alone

Favors SCLD with RT

-

HR (95% ClI) p Value

0.773 (0.346,1.725) 0529

0.242 (0.086,0.677) 0.007
2739 (1.276,5.880)

0.010

0.767 (0.379,1.551) 0460

-
Excision plus RT RT
Events N Events N
ALN 0 9 36 18 71 —_
ALN 1-3 9 31 8 41 ro——
ALN 4-9 13 35 18 30 —
ALN =10 28 44 11 17 —.—
I
0

Figure 4 Forest plots of subgroup disease-free survival analyses stratifying by the number of involved axillary lymph nodes.

Jung et al. (17) reported that on univariate analysis, local
aggressive treatments, including SCLD, significantly
improved OS. In an interesting study on practices for the
management of breast cancer metastases to the neck in
the UK (23), the majority of breast surgeons preferred not
to perform neck dissection in patients with ISLM from
breast cancer. Conversely, most otolaryngologists, oral
and maxillofacial surgeons, and head and neck oncologists
expressed opposing views. This probably suggests that
breast surgeons, being trained in another specialty, do not
prefer neck dissection. In view of these reports, further
investigation is needed into the possible benefits of SCLD
in breast cancer.

In this study, we also compared the prognosis of different
modalities of local therapy by performing additional
stratified analyses between the groups. This was performed
to identify a subgroup of patients with ISLM who may
benefit from SCLD. In either group, all conclusions were
based on balanced baseline independent prognostic factors.
After stratification based on the number of involved axillary
nodes, no significant differences in OS and DFS were noted

© Gland Surgery. All rights reserved.

between patients with 0 and more than 9 positive axillary
lymph nodes in either group. This probably suggests
that in patients with ISLM who have no positive axillary
lymph nodes after NAC, local RT and systemic treatment
are adequate for achieving a good prognosis, and SCLD
is unnecessary. In theory, a larger tumor load after NAC
in patients with ISLM predisposes to distant metastasis;
in patients with ISLM and more than 9 positive axillary
lymph nodes after NAC, distant micrometastasis are very
likely to have occurred, and circulating tumor cells or
cancer stem cells may persist. Therefore, local therapy
may not be particularly effective. We were unable to draw
conclusions in the subgroup of patients with 1-3 and
4-9 positive axillary lymph nodes owing to imbalances of
other independent survival factors at baseline. On further
investigation, we identified a subgroup of patients with
ISLM who had non-luminal A tumors and 4-9 positive
axillary lymph nodes; this subgroup experienced better OS
and DFS after SCLD when the 2 independent prognostic
factors were combined. It is possible that patients in this
subgroup obtained no additional benefit from endocrine
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Figure 5 Forest plots of subgroup overall survival analyses of 4-9 positive axillary lymph nodes involved.
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Figure 6 Kaplan-Meier analysis in patients with non-luminal A tumors and 4-9 positive axillary lymph nodes. (A) Kaplan-Meier analysis

comparing overall survival in patients with non-luminal A tumors and 4-9 positive axillary lymph nodes treated with SCLD plus RT and RT

alone patients; (B) Kaplan-Meier analysis comparing disease-free survival in patients with non-luminal A tumors and 4-9 positive axillary

lymph nodes treated with SCLD plus RT and RT alone patients. SCLD, supraclavicular lymph node dissection; RT, radiotherapy.

therapy. In addition, patients with luminal A breast cancer
have been reported to obtain greater benefit from regional
RT (24,25). Therefore, SCLD was probably unable to
improve the prognosis further. Local radical treatment may
therefore offer greater benefits in patients with non-luminal
A tumors and 4-9 positive axillary lymph nodes. However,
from the data in the present cohort, it was not possible to
determine whether SCLD may offer benefits to patients
with ISLM and 1-3 positive axillary lymph nodes.

This study is probably the first to suggest that
in patients with ISLM, SCLD may be particularly
beneficial to those with non-luminal A tumors
and 4-9 positive axillary lymph nodes; it offers
better local control, reduces distant metastases, and
prolongs survival. Interestingly, Zhang et a/. (26)
had reported that SCLD may be effective in improving

© Gland Surgery. All rights reserved.

local control in patients with ISLM, particularly in those
with ER and PR negative tumors. This concurs with our
findings to a certain extent. As noted from the findings of
the present study, SCLD may be unnecessary in patients
with ISLM and 0 or more than 9 positive axillary lymph
nodes after NAC.

Since all the patients included in this study were
diagnosed with locally advanced breast cancer, the regional
lymph nodes were likely to be in close proximity to the
peripheral blood vessels and connective tissue. NAC was
therefore employed to reduce the size of the regional lymph
nodes, which were significantly reduced or clearly separated
from the peripheral blood vessels, thereby reducing the
risks during surgery.

Our study has some limitations. Firstly, a pathologic
diagnosis of ISLM was not available; patients were clinically
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Figure 7 Forest plots of subgroup disease-free survival analyses of 4-9 positive axillary lymph nodes involved.

staged based on the typical findings on lymph node imaging.
Fine-needle aspiration of the supraclavicular lymph nodes
was not routinely performed at our institute during the
study period. Secondly, the sample size was inadequate and
potential selection bias selection bias still existed. However,
it has the largest sample size among all current studies.
Despite these limitations, on stratified analysis, we identified
a subgroup of patients who could benefit from SCLD.
Further detailed stratification requires a larger sample size
for the accurate identification of patients who may benefit
from SCLD. However, one of the unique strengths of this
study is that a large homogeneous cohort was available from
a single institution.

The implementation of SCLD requires screening to
identify appropriate patients. An accurate preoperative
assessment of cervical lymph nodes and clinicopathologic
features provides an important basis for decision-making
in SCLD. The scope of SCLD should be standardized
on the basis of the AJCC 8" edition; dissection should be
performed in the anatomical extent of the supraclavicular
lymph nodes, and the lymph nodes and tissues in this area
should be thoroughly cleared with regard to the anatomy
of the fascial planes. Attention should be paid to the
management of lymph nodes in the angle of the jugular
vein, which is often the site of recurrence and metastasis.
The surgical results in our institute were acceptable, with
a very low incidence of surgical complications, which were
easily managed.

Conclusions

Synchronous ISLM in breast cancer should be considered as

© Gland Surgery. All rights reserved.

locoregional disease, and should be treated with a curative
intent. Comprehensive treatment including systemic
therapy, surgery, and RT should be offered to patients
with ISLM, and SCLD should be considered as part of the
multimodality treatment approach in patients with non-
luminal A tumors and 4-9 positive axillary lymph nodes.
Highly individualized comprehensive treatment is strongly
recommended for patients with ISLM from breast cancer.
Further prospective studies should be performed with larger
samples to further confirm the value of SCLD in selected
patients with ISLM.
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Supplementary

Table S1 SCLD group vs. RT group clinicopathological characteristics

Characteristics SCLD (n=146) RT (n=159) P value

Age (years)

<35 11 11

>35 135 148 0.835
Tumor location

Left 87 93

Right 59 66 0.846

Tumor quadrant

Outer upper 92 94
Outer lower 12 15
Inner upper 13 15
Inner lower 6 11
central 23 24 0.838

Primary tumor size

T 20 36
T2 94 101
T3 17 12
T4 15 8 0.067

Histological type

Invasive ductal carcinoma 121 130

Other types 25 29 0.799
ER

Negative 59 48

Positive 87 111 0.062
PR

Negative 77 62

Positive 69 97 0.016
HER-2

Negative 110 113

Positive 36 46 0.337

Molecular subtype

Luminal A 19 61

Luminal B 71 50

HER-2 overexpressing 21 19

TNBC 35 29 <0.001
Ki67

<14% 31 51

>14% 115 108 0.033

The number of involved axillary lymph nodes

0 36 71
1-3 31 41
4-9 35 30
>10 44 17 <0.001

Involvement of infraclavicular lymph node

No 110 141

Yes 36 18 0.002
NAC

PD + SD 50 69

PR + CR 96 90 0.089

SCLD, supraclavicular lymph node dissection; RT, radiotherapy; ER, estrogen receptor; PR, progestational hormone; HER-
2, human epidermal growth factor receptor-2; TNBC, triple negative breast cancer; NAC, neoadjuvant chemotherapy; PD,
progressive disease; SD, stable disease; PR, partial disease; CR, complete disease.
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