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Development of prognostic models for HER2-
positive metastatic breast cancer in females:
a retrospective population-based study
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Abstract

Background This study aimed to construct, evaluate, and validate nomograms for breast cancer-specific survival
(BCSS) and overall survival (OS) prediction in patients with HER2- overexpressing (HER2+) metastatic breast cancer
(MBQ).

Methods The Surveillance, Epidemiology, and End Results (SEER) database was used to select female patients
diagnosed with HER2 + MBC between 2010 and 2015. These patients were distributed into training and validation
groups (7:3 ratio). Variables were screened using univariate and multivariate Cox regression analyses, and BCSS and OS
nomograms were constructed to determine one-, three-, and five-year survival probabilities. The nomograms were
evaluated and validated using the concordance index (C-index), time-dependent receiver operating characteristic
(ROCQ) curves, calibration curves, and decision curve analysis. Stratification was evaluated using Kaplan-Meier curves
and log-rank tests based on optimal total score cut-off values. We published web-based versions of these nomograms
for clinical use.

Results A total of 2,151 eligible patients were randomized into training (n=1,505) and validation (n=646) groups.
Independent prognostic factors of BCSS and OS included: age; marital status; race; oestrogen receptor status; surgery;
chemotherapy; and bone, brain, liver, and lung metastases. The C-indices for the BCSS and OS training groups were
0.707 and 0.702, respectively. The ROC, calibration, and decision curves demonstrated the strength of the nomograms.
According to cut-off values, patients were categorized into low-, intermediate-, and high-risk groups, with significant
differences in survival outcomes between them.

Conclusion We constructed predictive nomograms and stratified risk to assess the prognosis of patients with
HER2 +MBC, which could help inform therapeutic decisions.

Trial registration Not applicable.
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Background

As one of the most frequent malignant tumours in
women today, breast cancer has the highest incidence
rate (31%) and the second highest mortality rate (15%)
among all malignancies [1]. Breast cancer is classified
into subtypes based on oestrogen receptor (ER), pro-
gesterone receptor (PR), and human epidermal growth
factor receptor 2 (HER2) expression. Approximately
15-20% of primary breast cancers overexpress HER2;
this cancer subtype (HER2+) is invasive and has a high
risk of recurrence compared with subtypes that do not
overexpress HER2, resulting in a poorer prognosis [2, 3].
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Furthermore, distant metastases occur in approximately
29.4% of patients with HER2 +breast cancer, with visceral
metastasis being the most common [4]. HER2-targeted
drugs are in development, including monoclonal anti-
bodies, tyrosine kinase inhibitors, and antibody-coupled
drugs, which have significantly improved patient prog-
nosis [5]. However, HER2+metastatic breast cancer
(MBC) currently has no cure, and resistance to HER2
therapy substantially decreases survival time [6]. There-
fore, a prognostic model for patients with HER2+MBC
is crucial.

SEER database

Female, agez20y, 2010-2015 diagnosis, breast cancer as the first and only malignant
cancer, HER2+, microscopically confirmed, distant metastasis
(N=3333)

Excluded:

unknow race (n=7)
unknow grade (n=666)
unknow ER status (n=32)
unknow PR status (n=64)
TO and Tx (n=442)

NXx (n=269)

unknow bone metastasis (n=84)
unknow brain metastasis (n=132)
unknow liver metastasis (n=100)
unknow lung metastasis (n=134)
unknow surgery information (n=32)

Y

HER2-positive metastatic breast cancer group
(N=2151)

+ Randomization 7:3 +

Training group
(N=15035)

Fig. 1 The flowchart of patient selection

Validation group
(N=646)
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Table 1 Baseline characteristics of the selected patients diagnosed with HER2-positive metastatic breast cancer

Characteristics Total Training group Validation group P
(n=2151) (n=1505) (n=646)

Age, n(%) 0.954
20-39 272 (12.65) 191 (12.69) 81 (12.54)
40-59 1011 (47.00) 710 (47.18) 301 (46.59)
60-79 732 (34.03) 507 (33.69) 225(34.83)
80+ 136 (6.32) 97 (6.45) 39 (6.04)

Marital status, n(%) 0.169
Married 997 (46.35) 682 (45.32) 315 (48.76)
Single 474 (22.04) 329 (21.86) 145 (22.45)
Widowed/divorced/other 680 (31.61) 494 (32.82) 186 (28.79)

Race, n(%) 0.676
Black 356 (16.55) 253 (16.81) 103 (15.94)
White 1578 (73.36) 1096 (72.82) 482 (74.61)
Other 217 (10.09) 156 (10.37) 61 (9.44)

Histologic type, n(%) 0.675
IDC 1843 (85.68) 1285 (85.38) 558 (86.38)
ILC 61 (2.84) 45 (2.99) 16 (2.48)
Mixed 80 (3.72) 60 (3.99) 20 (3.10)
Other 167 (7.76) 115 (7.64) 52 (8.05)

Grade, n(%) 1.000
| 43 (2.00) 30(1.99) 13 (2.01)
Il 728 (33.84) 510(33.89) 218(33.75)
Il 1374 (63.88) 961 (63.85) 413(63.93)
[\ 6 (0.28) 4(0.27) 2(0.31)

ER Status, n(%) 0.243
Positive 1325 (61.60) 915 (60.80) 410 (63.47)
Negative 826 (38.40) 590 (39.20) 236 (36.53)

PR Status, n(%) 0.776
Positive 939 (43.65) 654 (43.46) 285 (44.12)
Negative 1212 (56.35) 851 (56.54) 361 (55.88)

T stage, n(%) 0432
1 227 (10.55) 158 (10.50) 69 (10.68)
2 718(33.398) 506 (33.62) 212 (32.82)
3 407 (18.92) 296 (19.67) 111(17.18)
4 799 (37.15) 545 (36.21) 254 (39.32)

N stage, n(%) 0.935
0 379(17.62) 268 (17.81) 111(17.18)
1 1063 (49.42) 747 (49.63) 316 (48.92)
2 288(13.39) 198 (13.16) 90 (13.93)
3 421(19.57) 292 (19.40) 129 (19.97)

Bone metastasis, n(%) 0.635
Yes 1212 (56.35) 843 (56.01) 369 (57.12)
No 939 (43.65) 662 (43.99) 277 (42.88)

Brain metastasis, n(%) 0922
Yes 165 (7.67) 116 (7.71) 49 (7.59)
No 1986 (92.33) 1389 (92.29) 597 (92.41)

Liver metastasis, n(%) 0.205
Yes 853 (39.66) 610 (40.53) 243 (37.62)
No 1298 (60.34) 895 (59.47) 403 (62.38)

Lung metastasis, n(%) 0.082
Yes 708 (32.91) 478 (31.76) 230 (35.60)
No 1443 (67.09) 1027 (68.24) 416 (64.40)

Surgery, n(%) 0.925
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Table 1 (continued)
Characteristics Total Training group Validation group P
(n=2151) (n=1505) (n=646)
Yes 869 (40.40) 609 (40.47) 260 (40.25)
No 1282 (59.60) 896 (59.53) 386 (59.75)
Radiotherapy, n(%) 0.862
Yes 740 (34.40) 516 (34.29) 224 (34.67)
No/Unknown 1411 (65.60) 989 (65.71) 422 (65.33)
Chemotherapy, n(%) 0.809
Yes 1728 (80.33) 1207 (80.20) 521 (80.65)
No/Unknown 423 (19.67) 298 (19.80) 125(19.35)

A nomogram is a common clinical predictive tool in
the cancer field and is used to visualize predictive models
that accurately assess the prognosis of individual patients
by integrating various disease characteristics [7]. Vari-
ous nomograms that predict the prognosis of MBC have
been developed for other subtypes, such as HER2-neg-
ative and triple-negative MBC [8, 9]. However, a prog-
nostic nomogram for individuals with HER2+MBC does
not exist. As a result, we developed a prognostic model
to forecast breast cancer-specific survival (BCSS) and
overall survival (OS) in patients with HER2+MBC using
clinical data from the Surveillance, Epidemiology, and
End Results (SEER) database, aiming to provide a conve-
nient Web-based version of the program for easy use by
clinicians.

Materials and methods

Source of data

Patient data were gathered from the SEER database
(http://seer.cancer.gov/), the official source of information
on cancer incidence and survival in the United States.
This database provides demographic, clinicopathological,
and survival data. We utilised the SEER Research Data,
17 Registries (2000—-2020) version released in November
2022 and collected data from patients diagnosed with
breast cancer using SEER*Stat software (version 8.4.2).
The 17 cancer registries cover approximately 26.5% of
the U.S. population, with a broad geographic distribution
representing the East and West coasts as well as the Mid-
west and South regions of the U.S. The patient population
is remarkably heterogeneous, encompassing a wide range
of races and ethnicities, genders, ages, socioeconomic
statuses, and healthcare accessibility.

Patients

This retrospective analysis evaluated data from patients
with breast cancer diagnosed between 2010 and 2015.
The criteria for inclusion comprised the following: (1)
female sex; (2) age=>20 years; (3) diagnosed with breast
cancer based on site and morphology (site recode ICD-
O-3/WHO 2008); (4) microscopically confirmed cancer;
(5) breast cancer was the first primary and only malignant

cancer identified; (6) HER2+; and (7) with distant metas-
tasis. The exclusion criteria were: (1) those with unavail-
able information; (2) breast cancer was confirmed by
death certificate or autopsy only; and (3) patients with
stage TO, Tx, and Nx.

Patients who fit these requirements were enrolled,
and a 7:3 randomization process was used to classify
them into training and validation groups. Figure 1 illus-
trates the study screening procedures. The SEER data-
base is openly accessible; thus, this study did not require
informed consent.

Predictors

We extracted and reclassified variables from the SEER
database, including age; marital status; race; histological
type; grade; ER and PR status; American Joint Committee
on Cancer (AJCC) 7th edition tumour (T) and node (N)
stages; surgery; radiotherapy; chemotherapy; and bone,
brain, liver, and lung metastases.

Outcomes

The primary outcomes were BCSS and OS. The period
from diagnosis to breast cancer-related death was defined
as BCSS and that from diagnosis to either all-cause death
or the date of the last follow-up as OS.

Statistical analyses
The training and validation groups were randomly
assigned (7:3 ratio) using R software (version 4.3.2; R
Core Team, Vienna, Austria), and the two groups’ base-
line characteristics were compared using the chi-squared
test. To determine independent prognostic factors
influencing BCSS and OS, sixteen variables were ana-
lysed using univariate Cox regression; those with p-val-
ues<0.05 were included in the multivariate Cox analysis.
Subsequently, using the ‘rms’ and ‘survival’ packages
in R, we constructed nomograms based on the indepen-
dent prognostic factors for predicting one-, three-, and
five-year BCSS and OS for HER2+MBC. The concor-
dance indices (C-index) and time-dependent receiver
operating characteristic (ROC) curves with the areas
under the curves (AUCs) were employed for assessment
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of discrimination capacity; a higher AUC value indicated
better discrimination [10]. Model-predicted survival was
compared with observational survival using calibration
curves [11]. Decision curve analysis (DCA) was applied
to evaluate the clinical practicability of each model.

We also utilized the ‘nomogramFormula’ package in R
to calculate the total points for all patients. The optimal
cut-off values of the total points were then calculated
using X-tile software (version 3.6.1) (https://medicine.y
ale.edu/lab/rimm/research/software/), and the patients
were stratified into low-, intermediate-, and high-risk
groups depending on this value. Kaplan—Meier survival
curves and log-rank tests were performed to evaluate the
nomograms’ capacity to stratify BCSS and OS risk. Lastly,
we used the ‘DynNom’ package in R and shinyapps.io
(https://www.shinyapps.io/) to develop and publish our
Web-based dynamic nomograms. All statistical analyses
were performed using R software, and p-values<0.05
were considered statistically significant.

Results

Patient characteristics

A total of 2,151 patients were assessed and randomly
assigned to training (n=1,505) or validation (1=646)
groups. The two groups did not differ when consider-
ing their baseline characteristics (Table 1). Most patients
were 40-59 years old (47.00%), followed by the 60-79
years (34.03%), 20-39 years (12.65%), and >80 years
(6.32%) groups. Furthermore, 46.35% and 22.04% of the
patients were married and single, respectively, and 1,578
(73.36%) were Caucasian. Invasive ductal carcinoma
was the predominant pathological type (85.68%), and
histological grades I-IV accounted for 2.00%, 33.84%,
63.88%, and 0.28%, respectively. Overall, 61.60% and
43.65% of the tumours were ER- and PR-positive, respec-
tively. Stages T1 to T4 accounted for 10.55%, 33.38%,
18.92%, and 37.15% of cases, respectively. Stages NO to
N3 accounted for 17.62%, 49.42%, 13.39%, and 19.57%
of cases, respectively. Bone, brain, liver, and lung metas-
tases occurred in 56.35%, 7.67%, 39.66%, and 32.91% of
patients, respectively. Finally, 40.40%, 34.40%, and 80.33%
underwent surgery, radiotherapy, and chemotherapy,
respectively.

Univariate and multivariate Cox analyses for prognosis

In the training group, 12 variables—including age; mari-
tal status; race; ER status; PR status; T stage; surgery;
chemotherapy; and bone, brain, liver, and lung metasta-
ses—were significantly correlated with both BCSS and
OS in the univariate Cox analysis (all p<0.05); radiother-
apy only correlated with OS. Subsequently, ten variables
were identified as independent prognostic factors in the
multivariate Cox analysis, including age; marital status;
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race; ER status; surgery; chemotherapy; and bone, brain,
liver, and lung metastases (Table 2).

Nomogram construction and validation

Based on the variables determined above, nomograms
were constructed for patients with HER2+MBC to pre-
dict one-, three-, and five-year BCSS and OS (Fig. 2). Take
the following case as an example: a 36-year-old married
white patient with ER-positive (ER+) HER2+MBC that
had metastasized to the bone but not to the brain, liver,
or lung was treated with chemotherapy but not surgery.
In this case, the total nomogram scores for BCSS and OS
were 70.57 and 68.34, respectively. Thus, the one-, three-,
and five-year BCSS probabilities were 93%, 82%, and 72%,
respectively, and the OS probabilities were 92%, 80%, and
69%, respectively.

The BCSS and OS C-indices in the training group were
0.707 (95% confidence interval [CI]: 0.690-0.724) and
0.702 (95% CI: 0.686—0.718), respectively; in the valida-
tion group, they were 0.731 (95% CI: 0.707-0.755) and
0.725 (95% CI: 0.725-0.748), respectively. We also calcu-
lated the AUC values to assess the models’ discrimination
abilities. For the BCSS nomogram, the one-, three-, and
five-year BCSS AUCs in the training group were 0.823,
0.756, and 0.743, respectively; in the validation group,
they were 0.841, 0.814, and 0.780, respectively (Fig. 3a, b).
For the OS nomogram, the one-, three-, and five-year OS
AUCG:s in the training group were 0.811, 0.754, and 0.742,
respectively; in the validation group, they were 0.834,
0.813, and 0.777, respectively (Fig. 3c, d).

Furthermore, both the training and validation groups’
calibration curves comparing the one-, three-, and five-
year predicted and observed BCSS and OS showed a high
degree of consistency (Fig. 4). The DCA enables clini-
cians to select the optimal model. The benefit curves of
the BCSS and OS nomograms were greater than those of
the reference strategies, indicating that the models have
practical clinical applications (Fig. 5).

Risk stratification and web-based dynamic nomogram
development
To stratify risk, the optimal cut-off values of the patients’
total nomogram scores were calculated with X-tile
software. The BCSS total score cut-off values were
151.4 and 254.1 for categorizing patients into low-risk
(score<151.4), intermediate-risk (151.4<score<254.1),
and high-risk (score>254.1) groups (Fig. 6a, b). The
OS cut-off values were 148.7 and 244.4 for categoriz-
ing patients into low-risk (score<148.7), intermediate-
risk (148.7 <score<244.4), and high-risk (score>244.4)
groups (Fig. 6¢, d).

Kaplan—Meier survival curves were created based on
the above results. The median BCSS for the low-, inter-
mediate-, and high-risk groups in the training group
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Fig. 2 Nomograms for predicting survival in patients with HER2 + MBC. The nomograms for predicting one-, three-, and five-year BCSS (a) and OS (b).
HER2 +MBC, human epidermal growth factor receptor 2-overexpressing metastatic breast cancer; BCSS, breast cancer-specific survival; OS, overall survival
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were 95, 33, and 5 months, respectively, and 95, 26, and
5 months in the validation group, respectively (Fig. 7a, b).
The median OS for the low-, intermediate-, and high-risk
groups in the training group were 82, 28, and 4 months,
respectively, and 78, 24, and 6 months in the validation
group, respectively (Fig. 7c, d). The survival outcomes
significantly differed in the Kaplan—Meier survival curves
for both BCSS and OS (p<0.001).

Finally, we established and published Web-based
dynamic nomograms for BCSS (Fig. 8a) and OS (Fig. 8b)
for patients with HER2+MBC, accessible at:

1) (https://her2mbcnomo.shinyapps.io/DynNomapp/);
and.

2) (https://her2mbcnomo.shinyapps.io/modelos/).

Discussion

Patients with a HER2+status commonly have a poor
prognosis owing to the high invasiveness and recurrence
rate associated with this cancer subtype. HER2+MBC
remains incurable; therefore, a reliable prognostic model
is crucial. The study by Wang et al, including 1174
patients, demonstrated that the histological subtype
was a key factor in HER2+MBC prognosis but did not

construct a model that could individualise and accurately
predict BCSS and OS [12]. The cohort study by Fan et
al. included 34,819 patients with HER2+breast cancer
and reported a nomogram to forecast BCSS. Although
the C-index of this nomogram was as high as 0.853 (95%
CI: 0.845-0.861), it did not explicitly target the high-risk
MBC group [13]. Lyu et al. constructed a BCSS prognos-
tic model based on a subgroup of 1204 HER2+ patients
with breast cancer with bone metastases, which pos-
sessed strong accuracy, with C-indexes of 0.74 and 0.77
for the training and validation groups, respectively. How-
ever, this nomogram excluded other distant metastases
and, therefore, was not applicable to all metastatic cases
[14]. Lin et al. included 1680 patients with HER2+MBC
as a training cohort and constructed the first nomogram
for predicting the probability of OS based on independent
prognostic factors of demographic and clinicopathologic
characteristics. In the training and validation cohorts, the
C-index was 0.70 (95% CI, 0.68—0.72) and 0.68 (95% ClI,
0.65-0.72), respectively [15]. In our study, 1505 patients
were included in the training group, and a total of 10
demographic and clinicopathologic characteristics and
treatment modalities were demonstrated as independent
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prognostic factors. Based on these findings, we developed
nomograms for BCSS and OS that had higher predictive
accuracy and better clinical applicability than the previ-
ous models. Furthermore, based on the nomograms’ total
scores, we identified the optimal cut-off values for low-,
intermediate-, and high-risk stratification, which could
help clinicians accurately recognize high-risk patients
and promptly adjust their therapeutic schedule. Finally,
we published easy-to-use Web versions of the nomo-
grams for convenience and clinical application.

Age, marital status, and race were key demographic
variables used in the models in this study. Age was a
major predictor of survival in patients with MBC, con-
sistent with previous studies [16]. Younger patients with

breast cancer are more likely to have larger tumour diam-
eters, more axillary lymph node involvement, poorer
pathologic staging, and more distant metastases than
older patients, leading to a poorer prognosis, which is
contrary to our study’s results [17, 18]. We found that
increased age negatively affected BCSS and OS, possibly
because older individuals often undergo nonstandard
treatments owing to their poor physical condition that
results in a lower tolerance for surgery, chemotherapy;,
and radiotherapy [19]. Furthermore, immune senes-
cence, defined as a decline in immunity with age, can
lead to poor prognosis in older adults owing to decreased
defences against tumours, even if tumour aggressive-
ness decreases with age [20-22]. Consequently, age
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remains an important independent outcome predictor widowed patients. Married patients, with the support of
for patients with HER2+MBC. their spouses and children, are potentially more accept-

Breast cancer is a systemic disease, and the influence  ing of surgery, chemotherapy, and radiation therapy and
of sociopsychological factors, such as marital status, on  adhere more strictly to their clinicians’ treatment strat-
its prognosis cannot be underestimated. Similar to pre-  egies. Moreover, the severity of depressive symptoms is
vious studies, we found that married patients exhibited significantly associated with elevated levels of circulating
an increased survival rate compared with single and pro-inflammatory factors. Married patients may receive
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social support from their families, reducing the risk of
depressive symptoms and improving their prognosis [23—
25]. We also identified race as an independent prognostic
predictor of HER2+MBC. Black race has been associated
with poor prognosis and low survival of MBC [26, 27].
The primary reasons for racial differences are socioeco-
nomic support and tumour characteristics [27].
Clinicopathological features, such as ER status and
bone, brain, liver, and lung metastases, are closely related
to prognosis. Our study found that ER positivity was a
protective prognostic factor, consistent with previous
studies that suggested an interaction between ER-neg-
ative (ER-) and HER2+statuses, leading to increased

breast cancer invasiveness. Thus, patients with ER+and
HER2+cancer have a less-invasive subtype and a wider
range of therapeutic options, such as hormonal thera-
pies [28, 29]. The ER status also affects the metastasis
site. According to Cletus et al., patients with ER+breast
cancer had a higher rate of bone metastasis than those
with ER- subtypes, and patients with ER— breast cancers
had a higher probability of visceral metastasis, especially
liver metastasis. Consistent with these results, we iden-
tified bone metastasis as an independent prognostic fac-
tor, although it had the least impact on patient prognosis
compared with the other identified factors. In contrast,
patients with brain metastasis had a substantial decrease
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in BCSS and OS [26, 30]. Lastly, the Tumour Node
Metastasis staging system is widely used for disease risk
assessment, and the T stage was a meaningful prognos-
tic factor in this study. However, it was not included in
the models because we discovered that the prognosis for
stage T2 was shown to be worse than that of stage T3,
inconsistent with previous studies [16].

We found that surgery and chemotherapy prolonged
BCSS and OS in patients with HER2+MBC. The National
Comprehensive Cancer Network guidelines recom-
mend targeted therapy combined with chemotherapy for
HER2+metastatic disease; however, surgical treatment
of patients with MBC is controversial. Surgery improves
the prognosis initially by reducing the tumour load via
primary tumour resection, blocking the source of distant
tumour metastasis [31, 32]. Moreover, surgical resection
of tumour lesions decreases the number of immunosup-
pressive factors released by the tumour, restores immune
activity, and assists in systemic therapy [33]. However,
surgery dramatically reduces the levels of anti-angio-
genic factors and growth factor inhibitors, accelerating
tumour recurrence, and postoperative complications and
delays in adjuvant therapy can affect prognosis [34-36].

In contrast, the MF07-01 study reported improved
40-month survival in patients with stage IV breast cancer
treated with locoregional therapy, and a French multicen-
tre retrospective study found that locoregional treatment
prolonged OS in patients with MBC, especially those
with HER +cancer [37, 38]. Furthermore, a randomized
controlled trial in India and a prospective phase III trial
(ABCSG-28) demonstrated that surgery improved OS in
patients with stage IV breast cancer [39, 40]. In this study,
surgical treatment improved BCSS and OS.

The advent of anti-HER2 therapy has dramatically
improved the prognosis of patients with HER2+MBC,
with treatment options including monoclonal antibodies
against HER2, tyrosine kinase inhibitors, and antibody-
drug conjugates (ADCs) [41]. The CLEOPATRA study
validated dual HER2-blocking therapy with docetaxel
combined with pertuzumab and trastuzumab as the
preferred first-line treatment option for HER2+MBC
[42]. The PHENIX and PHOEBE studies together vali-
dated the superior efficacy of the second-line pyrotinib
and capecitabine combination [43, 44]. Lapatinib also
showed a trend toward better outcomes in patients with
brain metastases when no new anti-HER2 agents were
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available [45]. The EMILIA study established trastu-
zumab emtansine (T-DMI1) as the second-line treat-
ment for HER2+MBC [46]. Moreover, the DESTINY-03
study showed trastuzumab deruxtecan (T-DXd) signifi-
cantly improve progression-free survival compared with
T-DM1, making it a preferred option for second-line

treatment [47]. However, the SEER database mainly pro-
vides clinical characteristics and survival data and does
not include detailed information on HER2-targeted
therapies and specific chemotherapeutic regimens,
which may limit the accuracy and completeness of our
model. While current studies suggest that trastuzumab
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and pertuzumab in combination with chemotherapy
are commonly preferred first-line treatment options for
patients with HER2+MBC [48, 49], it is worth noting
that patients receiving chemotherapy does not mean that
they also receive HER2-targeted therapy. Therefore, it is
crucial to obtain relevant treatment data regarding anti-
HER2 agents. We expect that future experiments will fur-
ther refine relevant explorations in this area.

There are some limitations to our study. First, this
study adopted a retrospective design, relying on the
strength of the SEER database, which potentially led to
selection bias. Second, the SEER database contains insuf-
ficient information regarding factors potentially affect-
ing prognosis, such as HER2-targeted treatment plans,
detailed chemotherapy plans, and Ki-67 expression.
Third, the SEER database only provided information on
distant metastatic sites and molecular types since 2010,
and partial treatment data are still incomplete after 2015.
Therefore, only data from 2010 to 2015 were selected for
our analyses, so the most recent treatment regimen may
have had an impact on patient outcomes. Lastly, an inde-
pendent database was not used to externally validate the
nomograms. Further large prospective studies and the
integration of more relevant variables from real-world
patient data, especially systemic treatment regimens, are
required to enhance and refine our predictive models.

Conclusion

In summary, we constructed two nomograms to predict
individual survival among female patients with distant
metastatic HER2+breast cancer using risk stratification.
Moreover, we published the models online for general
use by clinicians to accurately predict one-, three-, and
five-year BCSS and OS and distinguish high-risk patients
in this population to optimize clinical decision-making.
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