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Abstract

Background: Breast cancer patients with ipsilateral supraclavicular lymph node metastasis (ISLNM) but without distant metasta}
are considered to have a poor prognosis. This study aimed to develop a nomogram to predict the overall survival (OS) of breast
cancer patients with ISLNM but without distant metastasis.

Methods: Medical records of breast cancer patients who received surgical treatment at the Affiliated Cancer Hospital of Zhengzhou
University, Jiyuan People’s Hospital and Huaxian People’s Hospital between December 21, 2012 and June 30, 2020 were reviewed
retrospectively. Overall, 345 patients with pathologically confirmed ISLNM and without evidence of distant metastasis were
identified. They were further randomized 2:1 and divided into training (7 = 231) and validation (7 = 114) cohorts. A nomogram to
predict the probability of OS was constructed based on clinicopathologic variables identified by the univariable and multivariable
analyses. The predictive accuracy and discriminative ability were measured by calibration plots, concordance index (C-index), and
risk group stratification.

Results: Univariable analysis showed that estrogen receptor-positive (ER+), progesterone receptor-positive (PR+), human epidermal
growth factor receptor 2-positive (HER2+) with Herceptin treatment, and a low axillary lymph node ratio (ALNR) were prognostic
factors for better OS. PR+, HER2+ with Herceptin treatment, and a low ALNR remained independent prognostic factors for better
OS on multivariable analysis. These variables were incorporated into a nomogram to predict the 1-, 3-, and 5-year OS of breast
cancer patients with ISLNM. The C-indexes of the nomogram were 0.737 (95% confidence interval [CI]: 0.660-0.813) and 0.759
(95% CI: 0.636—0.881) for the training and the validation cohorts, respectively. The calibration plots presented excellent agreement
between the nomogram prediction and actual observation for 3 and 5 years, but not 1 year, OS in both the cohorts. The nomogram
was also able to stratify patients into different risk groups.

Conclusions: In this study, we established and validated a novel nomogram for predicting survival of patients with ISLNM. This
nomogram may, to some extent, allow clinicians to more accurately estimate prognosis and to make personalized therapeutic
decisions for individual patients with ISLNM.
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Introduction breast cancer.*! In the 1997 American Joint Committee on
Cancer (AJCC) staging system, ISLNM was classified as
M1, even without any evidence of further distant
metastasis. However, Brito et al*! reported that the
prognosis of patients with ISLNM at initial diagnosis was
more similar to that of patients with stage-IIIB locally
advanced breast cancer and was significantly better than
that of patients with distant metastasis. Accordingly, in

With 1.7 million new patients diagnosed each year, breast
cancer represents a serious threat to the health of women
worldwide.l"! Breast cancer patients with ipsilateral
supraclavicular lymph node metastasis (ISLNM) are
considered to have a poor prognosis.”?! The incidence of
breast cancer patients presenting with ISLNM but without
distant metastasis at the time of diagnosis is low,
comprising approximately 1% to 4% of all cases of
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2003, ISLNM was re-categorized as N3c in the 6th edition
of the AJCC-Tumor Node Metastasis (TNM) staging
system.”

Advances in systemic treatment have improved survival in
patients with ISLNM, with the S-year overall survival (OS)
rate ranging from 41.4% to 54.8%.!%7! The prognosis of
breast cancer patients with ISLNM is influenced by many
factors, including molecular sub-types, ISLNM size, local
treatment strategies, and multidisciplinary therapies.!*¢#!
However, under the current systemic treatment protocols,
accurate prediction of the prognosis of breast cancer
patients with ISLNM allows for the adoption of individu-
alized treatment plans, thereby avoiding undertreatment or
overtreatment. For early-stage breast cancer, several
prognostic prediction models have been constructed and
are widely accepted.l”"'*! However, to our knowledge, no
prognostic model predicting the survival of breast cancer
patients with ISLNM have been established yet.

Therefore, in this study, we aimed to explore the risk
factors related to survival in breast cancer patients with
ISLNM. We then used these factors to establish a
nomogram to predict the prognosis of this patient
population and verify the predictive efficiency of this
model.

Methods

Ethical approval

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Data were
obtained after this study had been approved by the Ethical
Review Committee of the Affiliated Cancer Hospital of
Zhengzhou University (No. 2019188). As this study
was retrospectively designed, informed consent was
waived by the Affiliated Cancer Hospital of Zhengzhou
University.

Study population

Medical records of breast cancer patients who received
surgical treatment at the Affiliated Cancer Hospital of
Zhengzhou University, Jiyuan People’s Hospital, and
Huaxian People’s Hospital, between December 21,
2012, and June 30, 2020, were retrospectively and
consecutively reviewed. The inclusion criteria were as
follows: (1) Eastern Cooperative Oncology Group
(ECOG) performance status of 0 or 1; (2) histopatholog-
ical confirmation of invasive breast cancer before neo-
adjuvant chemotherapy (NAC); (3) ISLNM confirmed by
histopathology or cytopathology; (4) intact clinicopatho-
logical and follow-up data; and (5) received at least two
cycles of NAC and completed surgical treatment. The
exclusion criteria were as follows: (1) distant metastasis;
(2) presence of other malignant tumors; or (3) bilateral
breast cancer.

Clinical data

The following data were collected for each patient: age at
diagnosis of breast cancer with ISLNM, ECOG score,
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family history, menopausal status, clinical T staging,
estrogen receptor (ER) status, progesterone receptor (PR)
status, human epidermal growth factor receptor 2 (HER2)
status, Ki67 index, NAC regimen, NAC cycle, chemother-
apy regimen (whether including Herceptin or not),
palpability of ipsilateral supraclavicular lymph node
(ISLN) before NAC, size of ISLN after NAC, Response
Evaluation Criteria in Solid Tumors (RECIST)-based
treatment response, breast surgery strategies, whether
ipsilateral supraclavicular lymph node dissection (ISLND)
was performed or not, breast pathologic complete
response (pCR), axillary pCR, dose of radiotherapy
(RT), endocrine therapy, and axillary lymph node ratio
(ALNR), which was defined as the ratio of the number of
positive lymph nodes (LNs) to the total number of LNs
removed. An ER- and PR-positive (PR+) status were
defined as >1% of tumor cells with nuclear staining. A
HER2-positive status was defined as 3+ by immunohis-
tochemistry staining or as 2+ in addition to a positive
fluorescence in situ hybridization result. Five tumor sub-
types were determined, according to the ER, PR, HER2,
and Ki-67 status: luminal A (estrogen receptor-positive
[ER+], PR > 20%, HER2—, and Ki-67 < 14%), luminal B
(ER+ and/or progesterone receptor-positive [PR+],
HER2—, and Ki-67 > 14%), luminal-HER2 (ER+ and/or
PR+, human epidermal growth factor receptor 2-positive
[HER2+], and any Ki-67), HER2-positive (ER—, PR—, and
HER2+), and triple-negative (ER—, PR—, and HER2—).
The clinical stages were classified based on the 8th AJCC-
TNM staging system. Tumor responses were categorized
as complete response, partial response, stable disease, and
progressive disease, based on the RECIST criteria. Breast
pCR was defined as the complete disappearance of all
invasive tumor cells from breast tissue, regardless of the
presence of residual ductal carcinoma in situ (ypTOl/is).
Nodal pCR was defined as no evidence of residual tumor in
the axillary or ipsilateral supraclavicular LNs.

Statistical analysis

OS was defined as the time from surgery to the date of
death from any cause or to the follow-up cutoff (June 30,
2020). Accurate rates of OS were calculated according to
the Kaplan-Meier method from the date of surgery, and
survival curves were compared using the log-rank test. By
random stratified sampling according to the ratio of 2:1,
the 345 patients were divided into a training cohort
(n=231) and a validation cohort (7 =114). The training
set samples were used to establish a Cox regression model
to determine the risk factors and to establish a nomogram.
Variables that achieved significance at P < 0.05 in the
univariable analysis were incorporated into the Cox
multivariable regression analysis. In the Cox multivariable
regression analysis, a nomogram was selected using a
backward step-down process, which used the Akaike
information criterion as a stopping rule. To evaluate the
discriminative power of the nomogram, we used the
Harrell concordance index (C-index) with a 95% confi-
dence interval (CI). To assess the accuracy of the
nomogram, we used calibration plots to visualize the
agreement between the predicted and actual OS in both the
training and validation cohorts. By calculating the total
risk scores (from highest to lowest), we divided the training
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and validation cohorts into low-risk and high-risk groups
according to the median method. Statistical analyses were
performed using R version 3.2.0 software (http://www.r-
project.org, R Foundation for Statistical Computing,
Vienna, Austria). A two-sided P value of < 0.05 was
considered statistically significant.

Results

Patient characteristics

Overall, 345 breast cancer patients with ISLNM but
without distant metastases were enrolled in the final
analysis. The clinicopathological features of the patients in
the training (7 =231) and validation cohorts (7 =114) are
reported in Table 1. There were no significant differences
between the training and validation cohorts. All of the
patients were female, and the mean age was 50 years
(range: 22-77 years). The rates of ER-, PR-, and HER2-
positivity were 58.6% (202/345), 51.0% (176/345), and
44.3% (153/345), respectively. NAC regimens were as
follows: anthracycline plus taxane (241), anthracycline-
based (38), and taxane-based (66). Among HER2-positive
patients, 58.2% (89/153) received Herceptin therapy. For
the local treatment of ISLNM, 300 patients received
ISLND combined with RT, while the remaining 45 patients
received RT only. The breast and axillary pCR rates for the
entire cohort were 31.3% (108/345), and 30.1% (104/
345), respectively. The median follow-up was 26.8
months. The 1-, 3-, and S-year OS rates were 93.7%,
76.3%, and 65.6%, respectively.

Screening for prognostic factors in the training cohort

In the training cohort, all clinicopathological factors that
potentially affected OS were included in the Cox regression
model for univariable and multivariable analyses [Table 2].
The univariable analysis showed that ER positivity, PR
positivity, HER2 positivity with Herceptin treatment, and
a low ALNR, were prognostic factors for better OS. All
significant factors in the univariable analysis were entered
into the multivariable analysis based on the Cox regres-
sion. In the multivariable analysis, PR positivity, HER2
positivity with Herceptin treatment, and a low ALNR
remained independent prognostic factors for better OS.

Prognostic nomogram for 0S

A nomogram was constructed to predict the probability of
OS using the following four factors: PR status, HER2
status with Herceptin use, ALNR, and ER status [Figure 1].
According to the Cox regression model, the following
predictive probability formula was obtained:

Risk score=exp (—0.884139487 x PR-positive —
0.358941253 x HER2 status and Herceptin use [HER2-
positive but not using Herceptin] — 1.426178179 x HER2
status and Herceptin use [HER2-positive and using Hercep-
tin] + 0.708094615 x ALNR (>35%)-0.536911728 x ER-
positive — 0.930885).
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Table 1: Clinicopathological characteristics of breast cancer patients
with ipsilateral supraclavicular lymph node metastasis in the
training and validation cohorts.

Training cohort, Validation cohort,

Characteristics N (%) N (%)
Total 231 (100.0) 114 (100.0)
Age

<40 years 43 (18.6) 18 (15.8)

>40 years 188 (81.4) 96 (84.2)
Family history of cancer

Yes 32 (13.9) 14 (12.3)

No 199 (86.1) 100 (87.7)
Clinical T staging

T1+T2 173 (74.9) 86 (75.4)

T3+T4 58 (25.1) 28 (24.6)
ER status

Positive 140 (60.6) 62 (54.4)

Negative 91 (39.4) 52 (45.6)
PR status

Positive 116 (50.2) 60 (52.6)

Negative 115 (49.8) 54 (47.4)
HER2 status and Herceptin usage

HER?2 negative 125 (54.1) 67 (58.8)

HER?2 positive but not 43 (18.6) 21 (18.4)

using Herceptin
HER?2 positive and using 63 (27.3) 26 (22.8)
Herceptin

Ki67 index

>30 201 (87.0) 96 (84.2)

<30 30 (13.0) 18 (15.8)
Palpability of ISLN before NAC

Yes 50 (21.6) 28 (24.6)

No 181 (78.4) 86 (75.4)
NAC regimens

Anthracycline plus taxane 157 (68.0) 84 (73.7)

Anthracycline based 27 (11.7) 11 (9.6)

Taxane based 47 (20.3) 19 (16.7)
Cycles of NAC

<5 54 (23.4) 24 (21.1)

>5 177 (76.6) 90 (78.9)
RECIST-based treatment response

CR+PR 198 (85.7) 97 (85.1)

SD+PD 33 (14.3) 17 (14.9)
Size of ISLN after NAC (mm)

<10 196 (84.8) 87 (76.3)

>10 35 (15.2) 27 (23.7)
Breast surgery strategies

Mastectomy 226 (97.8) 108 (94.7)

BCS+reconstruction 5(2.2) 6 (5.3)
ISLND or not

Yes 205 (88.7) 95 (83.3)

No 26 (11.3) 19 (16.7)
Breast pCR

Yes 77 (33.3) 31 (27.2)

No 154 (66.7) 83 (72.8)
Axillary pCR

Yes 77 (33.3) 27 (23.7)

No 154 (66.7) 87 (76.3)
ALNR (%)

<35 135 (58.4) 57 (50.0)

>35 96 (41.6) 57 (50.0)
Radiation dose

Normal 171 (74.0) 84 (73.7)

High 60 (26.0) 30 (26.3)

ALNR: Axillary lymph node ratio; BCS: Breast-conserving surgery; CR:
Complete response; ER: Estrogen receptor; HER2: Human epidermal
growth factor receptor 2; ISLN: Ipsilateral supraclavicular lymph node;
ISLND: Ipsilateral supraclavicular lymph node dissection; NAC:
Neoadjuvant chemotherapy; pCR: Pathological complete response; PD:
Progressive disease; PR: Progesterone receptor; RECIST: Response
evaluation criteria in solid tumors; SD: Stable disease.
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Table 2: Univariable and multivariable analyses for predictive factors of 0S in the training cohort of patients with breast cancer patients with

ipsilateral supraclavicular lymph node metastasis.

Univariable analysis

Multivariable analysis

Variables HR 95% ClI P HR 95% ClI P
Age (years): >40 vs. <40 0.579 0.307-1.091 0.0910
Family history of cancer: yes 1.755 0.822-3.746 0.1460
vs. no
Clinical T staging: T3 + T4 0.900 0.470-1.723 0.7510
vs. T1 + T2
ER status: positive vs. 0.396 0.225-0.698 0.0010 0.585 0.277-1.232 0.1580
negative
PR status: positive vs. 0.348 0.187-0.645 <0.0010 0.413 0.185-0.924 0.0310
negative
HER?2 status and Herceptin usage
HER2 negative Reference Reference
HER2 positive but not 0.889 0.475-1.664 0.7130 0.698 0.367-1.331 0.2750
using Herceptin
HER2 positive and using 0.219 0.067-0.717 0.0120 0.240 0.072-0.797 0.0200
Herceptin
Ki67 index (%): >30 vs. <30 1.193 0.508-2.802 0.6850
Palpable of ISLN before 1.594 0.887-2.862 0.1190
NAC: yes vs. no
NAC regimens
Anthracycline plus taxane Reference
Anthracycline based 0.731 0.257-2.074 0.5550
Taxane based 0.893 0.427-1.868 0.7650
NAC cycles: >5 vs. <5 0.788 0.434-1.431 0.4340
RECIST-based treatment 1.366 0.612-3.047 0.4470
response: SD+PD vs. CR + PR
size of ISLN after NAC 1.603 0.820-3.133 0.1680
(mm): >10 vs. <10
Breast surgery strategies: BCS 1.664 0.229-12.111 0.6150
+ reconstruction vs.
Mastectomy
ISLND or not: yes vs. no 0.974 0.386-2.457 0.9560
Breast pCR: yes vs. no 0.900 0.497-1.632 0.7290
Axillary pCR: yes vs. no 0.526 0.263-1.052 0.0690
ALNR (%): <35 vs. 235 1.950 1.111-3.420 0.0200 2.030 1.139-3.617 0.0160
Radiation dose: normal vs. high 0.818 0.418-1.599 0.5560

ALNR: Axillary lymph node ratio; BCS: Breast-conserving surgery; CI: Confidence interval; CR: Complete response; ER: Estrogen receptor; HER2:
Human epidermal growth factor receptor 2; HR: hormone receptor; ISLN: Ipsilateral supraclavicular lymph node; ISLND: Ipsilateral supraclavicular
lymph node dissection; NAC: Neoadjuvant chemotherapy; OS: Overall survival; pCR: Pathological complete response; PD: Progressive disease; PR:
Progesterone receptor; RECIST: Response evaluation criteria in solid tumors; SD: Stable disease.

A vertical line for each variable was drawn to the top axis
of the figure, and the score derived from the “points” axis
represented the score for each individual variable. The
individual scores were then added together to obtain the
total score. A vertical line was then drawn from the “total
points” axis down to the axis termed “survival probabili-
ty,” and the predicted probability of OS was thus obtained.

Calibration and validation of the nomogram

The C-indexes of the nomogram were 0.737 (95% CI:
0.660-0.813) and 0.759 (95% CI: 0.636-0.881) for the
training and the validation cohorts, respectively. The
calibration plots presented excellent agreement in both
cohorts between the nomogram prediction and actual

observation for 3- and S-year OS; however, they
demonstrated poor matching for 1-year OS [Figure 2].

Risk stratifications using the new nomogram

We assigned the patients in the training cohort to low-risk
and high-risk subgroups based on the median of the total
risk scores (from highest to lowest) [Figure 3A—C]. Among
the entire population, the 1-year OS of the low-risk and
high-risk subgroups was 98.0% and 86.9%, respectively;
the 3-year OS was 87.3% and 57.3%, respectively; the 5-
year OS was 82.8% and 46.8%, respectively [Figure 3A]
(P < 0.0001). In the luminal A and luminal B sub-types, the
1-year OS of the low-risk and high-risk subgroups was
97.0% and 93.3%, respectively; the 3-year OS was 86.6%

2695


http://www.cmj.org

Chinese Medical Journal 2021;134(22)

WWW.Cmj.0rg

Points

40 50 60 70 80 90

1 1 1 1 1 PR

100
1

PR :

Negative

Positive

HER2+and treatment without Herceptin

HER2 status and Herceptin usage

HER2-

HER2+and treatment with Herceptin
235%
Axillary lymph node ratio T ]
<35%
Negative
ER r !
Positive
Total Points r T T T T T T T T T T . T T \
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280
1-year Overall Survival r T |
0.95 0.9 0.8
3-year Overall Survival T T T T T T |
0.95 0.9 0.8 0.7 0.6 0.5 0.4 0.3

5-year Overall Survival r T T T T ‘ T T .

0.95 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2

Figure 1: Nomogram for predicting the 1-, 3-, and 5-year OS of breast cancer patients with ISLNM. ER: Estrogen receptor; HER2: Human epidermal growth factor receptor 2; HER2+: Human
epidermal growth factor receptor 2-positive; ISLNM: Ipsilateral supraclavicular lymph node metastasis; 0S: Overall survival; PR: Progesterone receptor.
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Figure 2: The calibration curves for predicting the 1-, 3-, and 5-year 0S of breast cancer patients with ISLNM in the (A) training and (B) validation cohorts. Nomogram-predicted 0S is plotted
on the x-axis; actual OS is plotted on the y-axis. ISLNM: Ipsilateral supraclavicular lymph node metastasis; 0S: Overall survival.

and 67.8%, respectively; the S-year OS was 78.7% and
67.8%, respectively [Figure 3B] (P=0.3400). In the
luminal-HER2, HER2-positive, and triple-negative sub-
types, the 1-year OS of the low-risk and high-risk
subgroups was 98.8% and 85.3%, respectively; the 3-
year OS was 86.6% and 54.7%, respectively; and the 5-
year OS was 86.6% and 42.1%, respectively [Figure 3C]
(P < 0.0001). In the validation cohort, the low-risk and
high-risk subgroups of the whole population demonstrated

a significant difference between the Kaplan-Meier curves
[Figure 3D]. In the validation cohort, the Kaplan-Meier
curves for the low-risk and high-risk subgroups of the
luminal A and luminal B sub-types did not show statistical
differences [Figure 3E]. In the validation cohort, the low-
risk and high-risk subgroups of the luminal-HER2, HER2-
positive, and triple-negative sub-types demonstrated a
significant difference between the Kaplan-Meier curves
[Figure 3F].
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Figure 3: Survival probability of nomogram-based stratification of different population. (A) All patients with breast cancer patients with ISLNM in the training cohort; (B) luminal A and luminal
B subgroups in the training cohort; (C) luminal-HER2, HER2-positive, and triple-negative sub-types in the training cohort; (D) all patients in the validation cohort; (E) luminal A and luminal B
subgroups in the validation cohort; (F) luminal-HER2, HER2-positive, and triple-negative sub-types in the validation cohort. HER2: Human epidermal growth factor receptor 2; HER2-positive:
Human epidermal growth factor receptor 2-positive; ISLNM: Ipsilateral supraclavicular lymph node metastasis.

Discussion

In this study, we developed a postoperative nomogram to
predict OS in breast cancer patients with ISLNM. Through
univariable analysis and subsequent multivariable analy-
sis, we identified PR status, HER2 status along with
Herceptin use, and the ALNR as independent prognostic
factors for OS.

Interestingly, our study found that the ER status was
predictive of prognosis in the univariable analysis but was
not an independent predictor of prognosis in the
multivariable analysis. In contrast, other studies have
suggested that both ER and PR are independent prognostic
factors.'* 151 ER positivity has previously been shown to
be a strong indicator of response to endocrine therapy.!'®!
According to the long-term prevailing theory, PR is located
downstream of ER, and the amount of PR in tumors
potentially reflects a functional ER pathway, thus
predicting the effect of endocrine therapy. Although the
prognostic value of PR has been recognized, there is not yet
a consensus on whether it can be used as an independent
predictor of adjuvant endocrine therapy.l'®'8! Several
studies have suggested that the level of hormone receptor
content is of importance, and some have suggested that the

PR is a better predictor of the benefits of adjuvant
endocrine treatment than ER.!'®2! Some studies have
suggested that when the PR is absent, the tumor biology of
breast cancer is more aggressive and the prognosis is
worse.[2%?%23] Our study also confirmed an association
between PR negativity and worse OS in breast cancer
initially diagnosed with ISLNM; however, due to small
sample size and retrospective bias, we did not find that ER
was an independent predictor of OS.

Breast cancers with very high expression of HER2 are
characterized by a more aéaressive phenotype, resulting in
worse disease prognosis.”*! However, in this study we
found that patients with HER2-positive cancer who were
treated with Herceptin had a better prognosis than that of
HER2-negative patients. Surprisingly, Li et all'* also
found that in a cohort of patients with stage-IV breast
cancer, the prognosis of HER2-positive patients was better
than that of HER2-negative patients, but this phenomenon
was not explained in their article. The clinical stage of all
patients in this study was IIIC, which indicates a poor
prognosis and an urgent need for effective systemic
treatment. Trastuzumab, a humanized monoclonal anti-
body that specifically targets HER2, significantly improves

2697


http://www.cmj.org

Chinese Medical Journal 2021;134(22)

the prognosis of HER2-positive breast cancer.!*>2” In

contrast, patients with HER2-negative cancer, especially
those who are both HER2- and ER-negative, have no
effective new drugs except chemotherapy, and their
prognosis remains poor. Compared with other studies,
we have established a model that takes into account the
HER?2 status and Herceptin use, which is more in line with
the real-world scenario.

Traditionally, the TNM staging system distinguishes
patients by counting the absolute number of positive
LNs, regardless of the potential impact of the total number
of LNs retrieved. Many studies have shown that the
ALNR, the ratio of the number of positive LNs to the total
number of resected LNs, may be a superior prognostic
factor than the (pN) stage in patients without NAC,!2832]
but very few studies have examined the efficacy of the
ALNR in a NAC setting. This study is rarely explore the
prognostic significance of ALNR in breast cancer patients
who are clinically stage-ITIC and receiving NAC. Our study
found that a single cutoff ratio of ALNR (0.35) helped to
distinguish between favorable and unfavorable OS among
stage-IIIC patients who received NAC, which is similar to
the findings of previous studies.**** Keam ez al'**! found
that an ALNR > 0.25 was associated with poor survival
among 205 stage-II/III Aﬁatients who received NAC.
According to Tsai et al,®¥ an ALNR < 0.15 was found
to discriminate between favorable and unfavorable out-
comes among patients with hormone receptor-positive and
triple negative breast cancer cancers who received NAC.
Of the 345 patients with stage-IlIC in our study, the
axillary pCR rate was as low as 30.1%, but for the
remaining 69.9% of non-pCR patients, a better method for
distinguishing the disease burden in the axilla, predicting
prognosis, and tailoring postoperative treatment strategies
is required. It has been reported that the total number of
LNs removed during axillary dissection are reduced in
most cases treated with NAC compared to that in patients
treated without NAC,**37! and that traditional pN
staging may underestimate true residual nodal disease in
these patients treated with NAC. Therefore, ALNR might
be a complementary or alternative method to traditional
pN staging in evaluating disease burden after NAC and
tailoring postoperative treatment strategies in patients
with ISLNM.

Based on the stratification analysis, the nomogram
developed in this study was able to identify patients with
different risks. In the luminal A/B subgroups, most patients
were classified into the low-risk population, as calculated
by our nomogram, and therefore had a good prognosis.
For those patients classified as high-risk according to the
nomogram calculations, the prognosis remained relatively
poor and required more aggressive systemic treatment. In
general, the prognosis for advanced breast cancer patients
with triple-negative or HER2-positive disease remained
poor. Our study found that among luminal-HER2, HER2-
positive, and triple-negative sub-types, patients determined
by the nomogram to be low-risk had a relatively better
prognosis and therefore should be given intensive
treatment with curative intent; the prognosis of patients
determined by the nomogram to be high-risk was
particularly poor, and the current conventional treatment
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regimen might not be very effective. For this high-risk
patient population, treatment should be highly individual-
ized, and a balance should be struck between efficacy,
tolerance, and quality of life.

We acknowledge the limitations of our nomogram due to
the retrospective nature and the relatively small sample
size. First, the calibration plots did not present an
acceptable level of agreement between the nomogram
prediction and actual observation for 1-year OS in either
the training or the validation cohorts. Some patients in our
study, especially triple-negative and HER2-positive
patients, developed distant metastases without any signs,
such as brain metastasis, shortly after surgery, resulting in
eventual death. These events were frequently unable to be
accurately predicted, resulting in the poor accuracy of our
nomogram in predicting 1-year OS. Second, we did not
have another database to externally verify our nomogram.
Finally, the short duration of follow-up might have
impacted on the discriminatory and predictive ability of
our nomogram. Further studies with larger sample sizes
and better methodology are warranted.

In this study, we established and validated a novel nomogram
for predicting the survival of patients with ISLNM. The new
nomogram can stratify patients into different risk subgroups.
This nomogram may, to some extent, allow clinicians to more
accurately estimate prognosis and in making personalized
therapeutic decisions for individual patients with ISLNM.
Further prospective studies are warranted on a larger scale to
validate the new nomogram.
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