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Background: Young breast cancer (YBC) patients demonstrate a heightened propensity for regional lymph
node metastasis (RLNM) in contrast to cohorts across varying age demographics. The aim of our study was
to identify clinicopathologic prognostic variables in YBC patients with RLNM and construct a practical and
reliable nomogram for the prediction of overall survival (OS) using the Surveillance, Epidemiology, and End
Results (SEER) database.

Methods: Young individuals (<40 years) with a diagnosis of breast cancer with RLNM were recognized
from the SEER database between 2010 and 2015, and further randomly split into two cohorts: the training
set (n=4,497) and the validation set (n=1,927). We first performed univariate and multivariate Cox regression
analyses to confirm independent survival predictors of OS. A novel prognostic nomogram was developed
and evaluated using Harrell’s concordance index (C-index), receiver operating characteristic (ROC) curves,
calibration curves, and decision curve analysis (DCA). To make a clear distinction between high- and low-
risk patients in terms of patient survival, Kaplan-Meier survival curves were assessed using the log-rank test.
Results: Nine risk factors were found as independent prognostic variables in predicting OS, including race,
grade, histology, surgery, radiation, molecular subtype, American Joint Committee on Cancer (AJCC) stage
7" edition, T stage, and N stage. The C-index values of our nomogram were 0.786 [95% confidence interval
(CI): 0.767-0.805] and 0.791 (95% CI: 0.760-0.822) in our training and validation groups, respectively.
The ROC curves demonstrated sufficient discriminating ability, while the predicted and real survival rates
were fairly consistent, as shown by the calibration plots. The prediction model had a higher net benefit and
acceptable clinical value, as shown by the DCA curves.

Conclusions: In YBC patients with RLNM, we successfully established a unique nomogram to forecast
the 2-, 3-, and 5-year OS. Clinicians may utilize this nomogram to pinpoint patients at higher risk and

provide them with appropriate customized therapies.
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Introduction 31% of all new cancer cases occurrences in females (1,2).

According to Global Cancer Statistics 2022, breast cancer Although the vast majority of breast cancer cases occur

showed a slow growth over the last few years but ranked in middle-aged and elderly women, and the incidence of

first among newly diagnosed cancers, constituting nearly breast cancer tends to increase with age (3,4), a rise in
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incidence has been recorded among younger individuals
in several countries (5-8). There is no set definition for
“young women” in the field of breast oncology, but most
of the literature refers to women aged <40 years (9,10).
The European Society for Medical Oncology guidelines
define young breast cancer (YBC) as those aged below
40 years, which is the most prevalent malignant tumor and
the main cause of female cancer mortality in this age range,
accounting for approximately 5-15% of all cases of invasive
breast cancer (10-12). As a result, YBC has aroused growing
attention in recent years. Previous research has indicated
that as compared to older individuals, young people with
breast cancer had more advanced stages, more aggressive
tumor subtypes (such as triple-negative), worse outcomes,
and a greater recurrence rate (9,10,13-15).

Till now, more than 26 counties around the world
are running breast cancer screening programs, with
the majority of these counties recommending biennial
screening mammography for all women over 40 years
old, for instance, the United States Preventive Services
Task Force (USPSTF) recently announced new clinical
recommendations that women aged 50 to 74 years should
perform biennial screening (16,17). It is inevitable that a
considerable number of young women often present to
clinicians because of clinically significant symptomatology
before normal screening programs, such as discharge from
nipples, a lump that feels different from the other breast

Highlight box

Key findings

® In this study, a brand-new nomogram that predicts 2-, 3-, and
5-year overall survival (OS) in young breast cancer (YBC) patients
with regional lymph node metastases (RLNMs) was successfully
established and showed great clinical utility.

What is known and what is new?

* Compared to older breast cancer patients, YBC patients have
a higher risk of recurrence and mortality, as well as a poorer
prognosis for survival.

e 'This is the first practical and real-world nomogram based on
clinicopathological variables from a large-scale database to predict
OS in YBC patients with RLNMs.

What is the implication, and what should change now?

® The utilization of our nomogram will empower clinicians
to identify potential high-risk YBC with RLNM subgroups
with inferior survival outcomes, enabling them to make more
sophisticated and personalized treatment and management

decisions.
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tissue, lumps found in lymph nodes located in the armpits
and so forth. YBC patients identified with big tumors and
regional lymph node metastasis (RLNM), unfortunately,
are prone to a poor prognosis and unfavorable clinical
outcomes (18,19). Notably, Abdel-Razeq et 4/. reported
that YBC adults with the node-positive disease had worse
S-year overall survival (OS) than those with node-negative
disease (81% wvs. 93%, P=0.0006) (20). Gao et al. found
that a high nodal tumor burden (>2 positive lymph nodes)
was more likely to occur in young women diagnosed with
breast cancer (21). Indeed, as a key part of the tumor-
node-metastasis (TNM) staging system, the status of
regional lymph nodes has been proven to be correlated
with biological aggressiveness and a propensity for distant
spread (22), which is critically important for surgeons to
implement further treatment strategies for patients.
Nomograms in breast cancer are statistical tools used
for prognosis, prediction, and decision-making. They
utilize multiple factors, such as patient characteristics,
tumor characteristics, and treatment variables, to provide
personalized estimates for outcomes such as survival,
recurrence, and response to therapy. These nomograms have
gained attention due to their ability to provide individualized
risk assessments and assist clinicians in making informed
treatment decisions (23). Some common themes addressed
in previous papers include the development and validation
of nomograms for various breast cancer subtypes, the
incorporation of novel biomarkers and imaging techniques
into nomograms, and the evaluation of nomogram
performance in different patient populations. Currently,
there are just a few studies that particularly focus on the
clinicopathologic features and prognosis of YBC patients
with RLNM. Using the Surveillance, Epidemiology, and End
Results (SEER) database, we intend to explore independent
predictive variables for OS and further establish and validate
a novel and feasible nomogram for YBC patients with
RLNM, which would assist clinicians to identify potential
high-risk subgroups with poorer survival outcomes and make
better-personalized treatment and management decisions.
We present this article in accordance with the TRIPOD
reporting checklist (available at https://tcr.amegroups.com/
article/view/10.21037/tcr-23-1825/rc).

Methods
Patients’ identification

The data of patients who received a diagnosis of YBC with
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Female patients aged 18-40 years and diagnosed as breast cancer
with regional lymph node metastasis and had only one primary
cancer between 2010 and 2015 in the SEER database (n=7,519)
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Race unknown (n=57)

Grade unknown (n=296)

Martials status unknown (n=280)

Laterality status unspecified or bilateral site (n=3)
T stage unknown (n=94)

Subtype unknown (n=280)

Surgery unknown (n=14)

Metastasis status unknown and N/A (n=56)
Survival months <1 (n=15)

Active follow-up patients (n=6,424)

g

!

Training cohort (n=4,497)

Validation cohort (n=1,927)

Figure 1 The flow diagram of patients’ selection processing. SEER, Surveillance, Epidemiology, and End Results; N/A, not available or not

applicable.

RLNM between 2010 and 2015 were retrieved from the
SEER 18 Cancer Registries (with additional treatment
fields) using Surveillance Research Program, National
Cancer Institute SEER*Stat software (https://seer.cancer.
gov/seerstat/) version 8.3.9. The SEER database, which
is sponsored by the National Cancer Institute and keeps
cancer information for nearly 30% of the population of the
U.S., was used in this retrospective cohort research (24).
Our SEER Research Data Use Agreement had already been
signed, allowing us to access SEER data under the login
“20864-Nov2020”. Because of anonymous patient data
and free availability for institutional account holders and
non-institutional users, informed permission of patients
in the SEER database was not necessary. As a result, the
Ethics Committee of the Second Affiliated Hospital of
Guangzhou Medical University waived ethics approval for
this study. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

The inclusion criteria were as follows: (I) pathology-
confirmed invasive breast cancer; (II) female patients aged 18
and 40 years; (II) patients diagnosed between January 2010
and December 2015; (IV) histology records were confirmed
as 8500/3, 8520/3, 8522/3, 8523/3, and 8524/3 according to
the International Classification of Diseases of Oncology, 3™
Edition (ICD-0-3) codes; and (V) patients diagnosed with
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RLNM. The exclusion criteria were as follows: (I) patients
who had unknown information on significant variables
including race, grade, marital status, T stage, molecular
subtype, surgery, and distant metastasis status; (II) bilateral
or site unspecified concerning laterality; (II) survival time
shorter than 1 month after diagnosis; and (IV) breast cancer
was not the first and only malignant tumor. This cohort
research eventually enrolled 6,424 eligible patients, of whom
4,497 were assigned at random to the training group and
1,927 to the validation cohort (Figure I).

Variable definition and outcome

In the analysis, the following demographic and
clinicopathological information were obtained from each
eligible patient: age at diagnosis for breast cancer (between
18 and 40 years), race (White, Black, and other), primary
site (central, inner, outer, overlapping and other of breast),
marital status at diagnosis (married and unmarried),
grade (grade I: well differentiated, grade II: moderately
differentiated, grade III: poorly differentiated, grade IV:
undifferentiated), laterality (left and right orientation of
primary tumor), histology [invasive ductal carcinoma (IDC),
invasive lobular carcinoma (ILC), and other], therapeutic
regimen (including surgery, radiation and chemotherapy),
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molecular subtype [luminal A: hormone receptor (HR)"/
human epidermal growth factor receptor 2 (HER2)",
luminal B: HR'/HER2", HER2 enriched: HR/HER2",
triple negative: HR/HER2], derived American Joint
Committee on Cancer (AJCC) stage 7™ edition (I, II, 11T,
and 1V), derived AJCC T stage (T1, T2, T3, and T4),
derived AJCC N stage (N1, N2, and N3), bone metastasis
(no and yes), liver metastasis (no and yes), lung metastasis
(no and yes), survival status and survival time. In the SEER
database, derived AJCC T stage and N stage typically refer
to the pathological staging, which is determined based on
the pathological analysis results of the surgically resected
tissue. The main endpoint of our study was a patient’s OS,
which was typically calculated as the interval from diagnosis
to death for any reason or, in the case of still-living patients,
until the last follow-up.

Statistical analysis

The statistical software programs R (version 4.1.2; https://
www.r-project.org/) and Free Statistics software (version
1.5) were used to conduct all of the analyses. Using the
caret package in R, the eligible participants were randomly
split into a training set and a validation set, conforming to
a frequently-used 7:3 ratio. Categorical variables, shown
as counts and percentages, were examined using the chi-
squared test or Fisher’s exact test, while non-normally
distributed continuous variables, such as age, were assessed
by the rank-sum test and given as medians with quartiles.
Univariate Cox regression analyses were performed in
the training group to look for possible OS risk factors,
and statistically significant variables (P<0.05) were chosen
to conduct multivariate Cox regression analysis, for the
purpose of determining the independent prognostic
variables for OS. Results were presented as hazard ratios
and 95% confidence intervals (Cls). After that, a prognostic
nomogram using the 7ms package was created to estimate
the patients’ 2-, 3-, and 5-year OS using independent
prognostic indicators in multivariate analysis in the training
set. Harrell’s concordance index (C-index), as well as the
area under the curve (AUC) of a time-dependent receiver
operating characteristic (ROC) curve, were carried out to
assess predictive discrimination of our nomogram model (25).
They both fell between the ranges of 0.5 and 1.0, where 0.5
indicating no predicted discrimination and 1.0 indicating
excellent discriminative ability. Subsequently, calibration
curves (with 1,000 bootstrapping) were plotted to see if
the nomogram-predicted and actual survival probabilities
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were consistent. To examine the nomogram’s clinical utility,
we also generated decision curve analyses (DCAs) using
the ggDCA package, which is a plot of net benefit against
threshold probability (26). The overall score of each patient
served as the basis for the creation of a risk classification
system. Patients in both cohorts were split into two groups
based on their median risk scores: the high- and the low-
risk groups. The log-rank test was applied to Kaplan-Meier
survival curves to show the OS differences between the two
groups. All P values were always two-tailed, and statistical
significance was considered as a value less than 0.05.

Results
Patients’ features

Based on the inclusion and exclusion criteria, 6,424 eligible
patients from the SEER database were eventually enrolled
in this study from 2010 to 2015 and then were split into
the training set (n=4,497) and the validation set (n=1,927)
in a 7:3 ratio at random. Figure I presents the flowchart of
patient selection. The median age at diagnosis of the overall
population was 36.0 years. A considerable proportion
of patients (71.8%) were White race in the training
set, while 72.4% were in the validation set. Meanwhile,
according to the degree of differentiation, grade III
(poorly differentiated) (57.5%) accounted for the foremost
percentage, followed by grade II and grade I (moderately
and well differentiated) (only 36.8% and 5.2% respectively).
Moreover, the number of people diagnosed with IDC in
histology was 3,991 (88.7%) in the training group and
1,720 (89.3%) in the test group. In addition, luminal A
breast cancer was more frequently found in young patients,
whereas HER?2 enriched subtype took up a minimal part,
only 7.0%. Regarding the AJCC stage 7" edition and
T stage, there were approximately half of the patients
considered as stage II and T2, respectively. Notably,
the whole patient follow-up period lasted 41 months on
average (with a range of 1 to 83 months). 7able 1 provides
an overview of the demographics and clinicopathologic
characteristics of the two groups.

Risk factors associated with OS

To distinguish the independent risk variables of OS in YBC
patients with RLNM, univariate and multivariate Cox
regression analyses were carried out. Age, race, marital
status, grade, histology, surgery, radiation, subtype, AJCC

Transl Cancer Res 2024;13(2):542-557 | https://dx.doi.org/10.21037/tcr-23-1825


https://www.r-project.org/
https://www.r-project.org/

546 Sun et al. A novel nomogram for YBC patients with RLNM

Table 1 Clinicopathologic characteristics of YBC patients with RLNM
Variables Total (n=6,424) Training cohort (n=4,497) Validation cohort (n=1,927)

Age (years), median (IQR) 36.0 (33.0, 39.0) 36.0 (33.0, 39.0) 37.0(33.0, 39.0)
Race, n (%)

White 4,624 (72.0) 3,228 (71.8) 1,396 (72.4)
Black 981 (15.3) 686 (15.3) 295 (15.3)
Other 819 (12.7) 583 (13.0) 236 (12.2)

Marital status, n (%)
No 2,324 (36.2) 1,636 (36.4) 688 (35.7)
Yes 4,100 (63.8) 2,861 (63.6) 1,239 (64.3)

Primary site, n (%)

Central 258 (4.0) 187 (4.2) 713.7)

Inner 861 (13.4) 608 (13.5) 253 (13.1)
Outer 2,733 (42.5) 1,914 (42.6) 819 (42.5)
Overlapping 1,443 (22.5) 1,033 (23.0) 410 (21.3)
Other* 1,129 (17.6) 755 (16.8) 374 (19.4)

Grade, n (%)

| 334 (5.2) 233 (5.2) 101 (5.2)

I 2,367 (36.8) 1,664 (37.0) 703 (36.5)

M 3,692 (57.5) 2,578 (57.3) 1,114 (57.8)

\% 31(0.5) 22 (0.5) 9 (0.5)
Laterality, n (%)

Left 3,263 (50.8) 2,276 (50.6) 987 (51.2)

Right 3,161 (49.2) 2,221 (49.4) 940 (48.8)
Histology, n (%)

IDC 5,711 (88.9) 3,991 (88.7) 1,720 (89.3)

ILC 195 (3.0) 136 (3.0) 59 (3.1)

Other® 518 (8.1) 370 (8.2) 148 (7.7)
Surgery, n (%)

No 388 (6.0) 272 (6.0) 116 (6.0)

Yes 6,036 (94.0) 4,225 (94.0) 1,811 (94.0)
Radiation, n (%)

No 2,193 (34.1) 1,546 (34.4) 647 (33.6)

Yes 4,231 (65.9) 2,951 (65.6) 1,280 (66.4)
Chemotherapy, n (%)

No 563 (8.8) 394 (8.8) 169 (8.8)

Yes 5,861 (91.2) 4,103 (91.2) 1,758 (91.2)

Table 1 (continued)
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Variables

Total (n=6,424)

Training cohort (n=4,497)

Validation cohort (n=1,927)

Subtype, n (%)
Luminal A
Luminal B
HER2 enriched
TNBC
AJCC stage 7" edition, n (%)
I
I
M
1\
T stage, n (%)
T1
T2
T3
T4
N stage, n (%)
N1
N2
N3
Bone metastasis, n (%)
No
Yes
Liver metastasis, n (%)
No
Yes
Lung metastasis, n (%)
No

Yes

3,747 (58.3)
1,241 (19.3)
450 (7.0)
986 (15.3)

335 (5.2)
3,356 (52.2)
2,311 (36.0)

422 (6.6)

1,744 (27.1)

3,232 (50.3)

1,085 (16.9)
363 (5.7)

4,604 (71.7)
1,165 (18.1)
655 (10.2)

6,168 (96.0)
256 (4.0)

6,306 (98.2)
118 (1.8)

6,351 (98.9)
73 (1.1)

2,627 (58.4)
878 (19.5)
305 (6.8)
687 (15.3)

245 (5.4)
2,364 (52.6)
1,589 (35.3)

299 (6.6)

1,238 (27.5)
2,265 (50.4)
745 (16.6)
249 (5.5)

3,219 (71.6)
813 (18.1)
465 (10.3)

4,309 (95.8)
188 (4.2)

4,415 (98.2)
82 (1.8)

4,445 (98.8)
52 (1.2)

1,120 (58.1)
363 (18.8)
145 (7.5)
299 (15.5)

90 (4.7)
992 (51.5)
722 (37.5)

123 (6.4)

506 (26.3)
967 (50.2)
340 (17.6)
114 (5.9)

1,385 (71.9)
352 (18.3)
190 (9.9)

1,859 (96.5)
68 (3.5)

1,891 (98.1)
36 (1.9)

1,906 (98.9)
21(1.1)

T, other: defined as American Indian/Alaska Native, Asian/Pacific Islander; *, other: defined as axillary tail of breast, nipple and breast, NOS; 5,
other: defined as invasive duct mixed with lobular carcinoma, invasive lobular mixed with other types of carcinomas, invasive duct mixed
with other types of carcinomas. YBC, young breast cancer; RLNM, regional lymph node metastasis; IQR, interquartile range; IDC, invasive
ductal carcinoma; ILC, invasive lobular carcinoma; HER2, human epidermal growth factor receptor 2; TNBC, triple-negative breast cancer;
AJCC, American Joint Committee on Cancer; NOS, not otherwise specified.

stage 7" edition, T stage, N stage, bone metastasis, liver
metastasis, and lung metastasis were all shown to be possibly
linked with OS (all P<0.05) (Table 2). Further analysis was

© Translational Cancer Research. All rights reserved.

conducted using multivariate Cox regression analysis based
on the above risk factors. We found that Black race likely
had worse survival than White race (hazard ratio, 1.28; 95%
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Table 2 Univariate and multivariate Cox regression analyses of predictive variables correlated with OS in YBC patients with RLNM

Univariate analysis

Multivariate analysis

Variables
Hazard ratio (95% Cl) P value Hazard ratio (95% CI) P value

Age 0.96 (0.94-0.97) <0.001*** 0.98 (0.96-1) 0.052
Race

White 1 (ref.) 1 (ref.)

Black 1.79 (1.47-2.17) <0.001*** 1.28 (1.04-1.57) 0.018*

Other' 0.64 (0.47-0.87) 0.005* 0.69 (0.50-0.94) 0.018*
Marital status

No 1 (ref.) 1 (ref.)

Yes 0.68 (0.58-0.8) <0.001*** 0.89 (0.74-1.06) 0.189
Primary site

Central 1 (ref.)

Inner 1.18 (0.72-1.93) 0.515

Outer 1.08 (0.68-1.71) 0.738

Overlapping 1.37 (0.86-2.19) 0.181

Other* 1.23 (0.76-1.99) 0.392
Grade

| 1 (ref.) 1 (ref.)

Il 3.16 (1.39-7.17) 0.006™ 2.52 (1.11-5.74) 0.028*

11l 7.58 (3.39-16.96) <0.001*** 4.11 (1.82-9.32) 0.001***

\% 8.78 (2.68-28.78) <0.001*** 5.21 (1.57-17.28) 0.007*
Laterality

Left 1 (ref.)

Right 1.03 (0.87-1.21) 0.746
Histology

IDC 1 (ref.) 1 (ref.)

ILC 0.77 (0.45-1.3) 0.325 1.24 (0.72-2.14) 0.441

Other® 0.55 (0.38-0.8) 0.002** 0.62 (0.42-0.92) 0.016*
Surgery

No 1 (ref.) 1 (ref.)

Yes 0.27 (0.21-0.35) <0.001*** 0.67 (0.5-0.9) 0.007*
Radiation

No 1 (ref.) 1 (ref.)

Yes 0.77 (0.65-0.91) 0.003** 0.76 (0.63-0.91) 0.003**
Chemotherapy

No 1 (ref.)

Yes 1.3 (0.94-1.8) 0.114

Table 2 (continued)

© Translational Cancer Research. All rights reserved.
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Univariate analysis

Multivariate analysis

Variables
Hazard ratio (95% Cl) P value Hazard ratio (95% Cl) P value

Subtype

Luminal A 1 (ref.) 1 (ref.)

Luminal B 0.73 (0.56-0.96) 0.027* 0.55 (0.41-0.73) <0.001***

HER2 enriched 1.15(0.81-1.65) 0.43 0.68 (0.47-0.98) 0.039*

TNBC 3.61(3.01-4.33) <0.001*** 2.77 (2.26-3.4) <0.001***
AJCC stage 7" edition

| 1 (ref.) 1 (ref.)

Il 4.37 (1.62-11.79) 0.004* 2.5(0.91-6.9) 0.076

1] 11.71 (4.37-31.43) <0.001*** 3.55 (1.25-10.11) 0.018*

\% 33.58 (12.39-90.99) <0.001*** 7.49 (2.5-22.48) <0.001***
T stage

T1 1 (ref.) 1 (ref.)

T2 2.24 (1.72-2.91) <0.001*** 1.62 (1.24-2.12) <0.001***

T3 3.78 (2.84-5.03) <0.001*** 1.92 (1.38-2.67) <0.001***

T4 8.57 (6.24-11.79) <0.001*** 3.00 (2.08-4.31) <0.001***
N stage

N1 1 (ref.) 1 (ref.)

N2 2.16 (1.77-2.63) <0.001*** 1.67 (1.26-2.21) <0.001***

N3 4.08 (3.34-4.99) <0.001*** 2.34 (1.8-3.04) <0.001***
Bone metastasis

No 1 (ref.) 1 (ref.)

Yes 4.43 (3.46-5.65) <0.001*** 1.23 (0.83-1.82) 0.312
Liver metastasis

No 1 (ref.) 1 (ref.)

Yes 4.51(3.14-6.47) <0.001*** 1.28 (0.83-1.98) 0.272
Lung metastasis

No 1 (ref.) 1 (ref.)

Yes 7.97 (6.47-11.6) <0.001*** 1.24 (0.79-1.93) 0.351

T, other: defined as American Indian/Alaska Native, Asian/Pacific Islander; *, other: defined as axillary tail of breast, nipple and breast, NOS; 5,
other: defined as infiltrating duct mixed with lobular carcinoma, infiltrating lobular mixed with other types of carcinomas, infiltrating duct
mixed with other types of carcinomas. *, P<0.05; **, P<0.01; ***, P<0.001. OS, overall survival; YBC, young breast cancer; RLNM, regional
lymph node metastasis; Cl, confidence interval; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; HER2, human epidermal
growth factor receptor 2; TNBC, triple-negative breast cancer; AJCC, American Joint Committee on Cancer; NOS, not otherwise specified.

CI: 1.04-1.57; P=0.018), while other races represented a
better prognosis (hazard ratio, 0.69; 95% CI: 0.50-0.94;
P=0.018). Similarly, grade, histology, surgery, radiation,

© Translational Cancer Research. All rights reserved.

subtype, AJCC stage 7" edition, T stage and N stage were
ultimately regarded as independent predicted variables of

OS in our target population.
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Establishment and validation of a nomogram for OS

A unique nomogram was created to estimate the 2-, 3-,
and 5-year OS for YBC patients with RLNM in the
training cohort using prognostic variables such as race,
grade, histology, surgery, radiation, subtype, AJCC stage
7™ edition, T stage, and N stage that were statistically
significant in the multivariable analysis (Figure 2). Patients
could acquire specific points of selected risk factors and the
points were added together to obtain the corresponding
2-, 3-, and 5-year survival probabilities. Patients with
higher scores had a shorter life expectancy, according to the
nomogram.

A Harrell’s C-index of 0.786 (95% CI: 0.767-0.805)
and 0.791 (95% CI: 0.760-0.822) were obtained from the
training and test groups, respectively. Figure 3 depicts the
time-dependent ROC for expected 2-, 3-, and 5-year OS.
The AUC of the two cohorts did not differ substantially
for 2-year (training vs. validation: 0.837 vs. 0.825), 3-year
(training vs. validation: 0.795 vs. 0.796), and 5-year (training

© Translational Cancer Research. All rights reserved.

vs. validation: 0.761 vs. 0.767) OS prediction, suggesting
the discriminative ability of the model was generally
good. Furthermore, the calibration plots of training and
validation cohorts could be observed in Figure 4, indicating
remarkable coordination between predicted results and
actual survival outcomes. Moreover, DCA curves of 2-,
3-, and 5-year OS in both training and validation cohorts
assessed the net benefit of nomogram-assisted decisions at
different threshold probabilities, which displayed that our
prediction model had a larger net benefit and satisfactory
clinical utility (Figure 5). All of above results demonstrated
that the nomogram we constructed was a practical clinical
tool for estimating survival in YBC patients diagnosed with
RLNM.

Risk stratification system of patients

Finally, using the total points computed by the nomogram,
we created a risk classification system. Two risk groups
of YBC patients with RLNM were generated: low risk
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Figure 3 The time-dependent ROC curves and the AUC of the training group (A) and the validation group (B). AUC, area under the curve;

ROC, receiver operating characteristic.

(training: n=2,251; validation: n=935) and high risk (training:
n=2,246; validation: n=992). The OS of the various groups
in the training set was clearly segregated according to the
risk classification model, as shown by Kaplan-Meier curves
(P<0.0001, Figure 6A). Significant OS disparities were also
observed in the validation group (P<0.0001, Figure 6B),
showing that patients with a low-risk score had a better
outcome than those with a high-risk score.

Discussion

For young patients diagnosed with breast cancer, tumor
metastasis can result in a poorer prognosis. It is generally
acknowledged that breast cancer mainly has three routes
of metastasis, including local invasion, lymphatic as well
as hematogenous metastasis, among which lymphatic
metastasis is the most common pathway of metastasis. The
mechanism of lymph node metastasis (LNM) in YBC has
not been fully elucidated. According to certain research,
the expression of matrix metalloproteinase-9 (MMP-9)
was positively connected with LNM in YBC patients, and
tumor invasiveness, rather than lymphangiogenesis played
a significant role in LNM among YBC patients (27,28).
The management of this particular population requires a
systematic and multidisciplinary approach and takes account
of several specific issues, such as genetic counseling, fertility
preservation, reemployment preparation, psychological
and sexual distress and so forth, which are crucial to carry
out individually targeted treatments (3,29,30). Since the
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treatments and managements are usually complicated and
burdensome, particular attention should be directed to this
group. Although numerous nomograms have previously
been reported to predict survival in YBC patients (31-35),
a reliable and specialized nomogram to predict prognosis
in YBC patients with RLNM has yet to be created. Herein,
as far as we know, this was the first practical and real-world
nomogram based on clinicopathological variables from a
large-scale database to predict OS in this unusual group.

In this study, we found that race, grade, histology, surgery,
radiation, molecular subtype, AJCC stage 7" edition, T stage
as well as N stage were independent predicting variables
to predict OS in YBC patients with RLNM in accordance
with the outcomes of multivariate Cox regression analysis.
To be specific, those patients of Black race, larger tumor
sizes, poorer differentiation, triple-negative breast cancer
(TNBC) subtype, higher stage, more lymph nodes
involvement and without active therapies had a poorer
prognosis. In terms of Black race, what Walsh ez 4l. (36)
found was partially consistent with our results, which
showed that Black women had more nodal disease compared
with White counterparts (41.1% vs. 32%, P<0.001), and
thus had an increasing hazard of OS and disease-free
survival (DFS). Besides, an observational study in the U.S.
by Igbal and colleagues reported that the risk of a Black
woman with small-sized breast cancer tumors presenting
with nodal metastases was higher than for a non-Hispanic
White woman (24.1% wvs. 18.4%, respectively, P<0.001) (37).
The possible reason may be that young Black patients
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have inadequate awareness of the disease, less financial
support, or differences in tumor biology, leading to a delay
in seeking medical attention and a worse prognosis (14,38).
On the other hand, molecular subtypes are determined
to be closely correlated with OS among YBC patients
with RLNM and TNBC tumors accounting for a large

© Translational Cancer Research. All rights reserved.

proportion, which is similar to previously reported studies
(19,39). Azim et al. (40) highlighted the prognostic value
of stroma-related gene signatures (such as genes like DCN
and PLAU) in the estrogen receptor (ER)/HER2"™ subtype
among patients aged 40 years or less. Further research is
needed to develop treatments to target the stroma and
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analysis.

microenvironment for the TNBC subgroup in young
women. Additionally, pathological types were considered
to be an important prognostic variable in predicting OS in
the present study, while laterality and tumor primary sites
were not thought to be OS predictors. In contrast, Liu
and colleagues determined in another study that in young
patients diagnosed with early-stage breast cancer, the inner

© Translational Cancer Research. All rights reserved.

placement of the original tumor was linked to a poorer
cancer-specific survival (CSS) (35). The discrepancies might
be explained by differences in patients’ inclusion criteria
and primary outcomes.

To integrate and visualize diverse prognostic biologic
and clinical variables we confirmed above, a novel medical
nomogram that generates probabilities of 2-, 3-, and 5-year
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OS was subsequently developed for a particular group.
Currently, nomograms are commonly used in oncology for
their ability to estimate the individualized risk of a clinical
event and impact all aspects of cancer treatments and
care (41). The nomogram’s performance was typically
evaluated using discrimination, calibration, and clinical
applicability in both the training and validation sets. The
discrimination ability was measured via the C-index and
AUC of a receiver operating curve. As shown above, all the
values of C-index and AUC in both cohorts were higher
than 0.70, which demonstrated that our nomogram had
enough discriminating power. Furthermore, in both two
groups, the calibration plots revealed a high accordance
between the estimated survival rates and the actual survival
rates that we observed. The final aspect of evaluating
nomogram performance is clinical utility, which looks at
whether decisions made with the use of nomograms result in
better patient outcomes. DCA curve introduced by Vickers
and Elkin is a novel tool that assesses the clinical utility
of nomogram based on threshold probability (42), which
displayed in the present study suggested our nomogram
can assist improve patients outcomes for a wide range of
threshold probability. Hence, the nomogram established in
this study can fulfill our desire for accurate individualized
estimates of OS in YBC patients with RLNM.

Inevitably, certain limitations remain in our current
study. To begin, our study is clearly a retrospective cohort
study that is inevitably biased by patients’ selection in the
SEER database. Second, there is a lack of some proven

© Translational Cancer Research. All rights reserved.

prognostic factors such as BRCAI1/2 gene (43,44), body
mass index (BMI) (45,46) and family history (47) in the
SEER database, all of which have been found to be highly
linked to poorer results for patients diagnosed with breast
cancer. Third, we cannot operate further research on
the roles of systematic treatments in YBC patients with
RLNM, for the reason that detailed information on specific
chemotherapy regimens and endocrine therapy was not
accessible in the SEER database. Fourth, a younger age is
linked to a higher chance of recurrence. Unfortunately, data
on disease recurrence is unavailable in the SEER database.
As a result, it was unable to evaluate the recurrence risk of
YBC patients with RLNM in this study. Fifth, a limitation
of the study is the relatively short follow-up period, which
may impede a comprehensive understanding of long-term
outcomes and disease progression in breast cancer patients.
Last but not least, although internal validation had been
performed to evaluate the performance of our nomogram,
further external validations using other cohorts with the
exception of the SEER program are needed to validate
model performance. What is more, it is equally urgent
to conduct prospective research and enroll more patients
to obtain tailored treatment strategies for patients in the
future.

Conclusions

In summary, using a large-scale cancer registration database
(SEER database), we determined nine risk variables
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including race, grade, histology, surgery, radiation,
molecular subtype, AJCC stage 7" edition, T stage as well
as N stage as the independent prognostic variables in the
prediction of OS of YBC patients with RLNM. And a
brand-new nomogram that predicting 2-, 3-, and 5-year
OS in this particular group was successfully established and
displayed great discrimination and calibration ability in
both training and validation cohorts, which can function as
an effective tool for clinicians to distinguish people at high
risk and provide suitable individualized treatments.
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