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Background: The early death of patients is a global cancer issue. We aimed to identify the risk factors for early death in stage
IV breast cancer. Predictive nomograms for early death evaluation were generated based on the risk factors.
Material/Methods: Based on the Surveillance, Epidemiology, and End Results (SEER) database, patients diagnosed with IV breast

cancer were selected. The risk factors for early death (survival time <1 year) were identified using logistic re-
gression model analysis. Predictive nomograms were constructed and internal validation was performed.
Results: A total of 5998 (32.6%) breast cancer patients were diagnosed as early death in the construction cohort. Age

older than 50 years, unmarried status, black race, uninsured status, triple-negative type, grade (Il and Ill), tumor
size >5 cm, and metastasis to lung, liver, and brain were risk factors for total early death, while Luminal B sub-
type, N1 stage, and surgical interventions were associated with lower risk of early death. As for cancer-specific
and non-cancer-specific early death, several factors were not consistent between the 2 groups. Nomograms
for all-cause, cancer-specific, and non-cancer-specific early death were constructed. The calibration curve
showed satisfactory agreement. The areas under the ROC curve (AUC) were 78.3% (95% Cl: 77.7-78.9%), 75.8%
(75.1-76.4%), and 72.3% (71.6-72.9%), respectively. In the validation cohort, a total of 689 (19.3%) patients
were diagnosed as early death and the calibration curve showed satisfactory agreement. The AUCs of the all-
cause, cancer-specific, and non-cancer-specific early death prediction were 74.0% (95% Cl: 72.5-75.4%), 73.5%
(72.0-74.9%), and 68.6% (67.0-70.1%), respectively.

Conclusions: Nomograms were generated to predict early death, with good calibration and discrimination. The predictive

model can provide a reference for identifying cases with high risk of early death among stage IV breast cancer

patients and play an auxiliary role in guiding individual treatment.
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Background

Breast cancer is a worldwide problem, and is the leading cause
of cancer morbidity and mortality in females [1]. The long-term
survival of breast cancer patients has been investigated, and
the global 5- and 10-year pooled survival rates were report-
ed to be 73% (95% Cl: 71-75%) and 61% (95% Cl: 54-67%),
respectively [2].

Early death is a crucial issue in the management of cancer.
A series of studies have been conducted to investigate early
death in cancer, including lung cancer [3], bladder cancer [4],
and colorectal cancer [5]. The related factors for early death
revealed in these studies provided evidence for cancer treat-
ment. For primary breast cancer, around 10% of the patients
died during the first year after initial diagnosis. Age over 80
years and distant metastases at presentation were proved to
be the risk factors leading to early death. Meanwhile, surgery
was reported to be able to decrease the risk of early death
(OR=0.29, 95% Cl: 0.24-0.35) [6].

As to the United States, approximately 5% of women with
newly diagnosed breast cancer were reported to present with
stage IV at diagnosis [7]. The proportion of stage IV breast
cancer was even higher in the Asian population [8]. Compared
with patients in early stage, patients in advanced stage were
reported to have worse survival. The reported unadjusted me-
dian overall survival was 3.52 years in patients after surgery
and 2.36 years in those without surgery [9].

The identification of factors correlated with early death in
stage IV breast cancer is important. Based on a large cohort,
we sought to identify the patients who died within 12 months
after stage IV breast cancer diagnosis and to investigate the
risk factors. Furthermore, predictive nomograms based on the
results from the logistic regression model were constructed to
predict the early death in stage IV breast cancer and to guide
personalized early death risk screening.

Material and Methods

Data source and cohort selection

The National Cancer Institute Surveillance, Epidemiology and
End Results (SEER) database (https://seer.cancer.gov/) covers
approximately 28% of the population in the USA. The data
used in the present study were obtained from the latest ver-
sion by April 2019, which was named as Incidence — SEER 18
Regs Research Data+Hurricane Katrina Impacted Louisiana
Cases, Nov 2018 Sub (1975-2016 varying).
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Stage IV breast cancer initially diagnosed from 2010 to 2016
(N=24,111)

Excluded
»;  Diagnosed at autopsy or via death certificate

Excluded
Gender male (N=279)

Excluded
Without detailed information about site
specific metastases (N= 1,829)

V.

Stage IV breast cancer with specific distant metastases

(N=21,985)
v v
Construction cohort Validation cohort
(N=18,406) (N=3,579)

Figure 1. Selection procedure for patients with stage IV breast
cancer.

Breast cancer patients at stage IV diagnosed between 2010
and 2015 were included into the construction cohort. In order
to validate performance of the prediction model, temporal val-
idation was conducted as internal validation. In the validation
cohort, breast cancer patients at stage IV diagnosed in 2016
were used to validate the performance. The exclusion criteria
were as follows: patients diagnosed at autopsy or via death
certificate, male patients, and those without detailed infor-
mation about site-specific metastases. The flow-chart of sub-
ject selection is listed in Figure 1. As in a previous study, early
death in breast cancer patients was defined as death within
1 year after initial diagnosis [6].

Statistical analysis

The variables of the extracted data from the SEER database
included age at diagnosis (<50, 50-59, 60-69, 70-79, and >80
years), marital status (married and unmarried), race (white,
black and others), insurance recode (insured and uninsured),
breast cancer subtypes (Luminal A, Luminal B, HER2 enriched,
and triple-negative), tumor grade (I to IV: well, moderately,
poorly, and undifferentiated, respectively), primary tumor
site (C50.4-outer quadrant, UOQ; C50.5-lower outer quadrant,
LOQ; C50.3-lower inner quadrant, LIQ; C50.2-upper inner quad-
rant, UIQ; C50.1-central portion, CEN; others including C50.0-
Nipple, C50.6-Axillary tail of breast and C50.8-Overlapping
lesion of breast), laterality (left-sided, right-sided, one side,
NOS and paired sides), tumor size (0-2, 2-5 and »5 cm),
N stage (NO, N1, N2 and N3), bone metastasis (no or yes),
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brain metastasis (no or yes), liver metastasis (no or yes), lung
metastasis (no or yes), surgery treatment (no surgery; partial
mastectomy, PM; total mastectomy, TM; radical mastectomy,
RM; and others, including local tumor destruction, subcutane-
ous mastectomy, and bilateral mastectomy).

All of the variables in our study were categorical data, which
are presented as numbers and percentages. A logistics regres-
sion model was used to identify the risk factors for early death.
Variables with P<0.05 in the univariate analysis were further
used in the multivariate analysis to determine the potential
risk factors. The cases with missing data were excluded from
the logistics analysis. Based on the results from the logistic re-
gression model, the nomograms for all-cause, cancer-specific,
and non-cancer-specific early death were formulated using the
rms package in R version 3.4.1 (R Foundation for Statistical
Computing, Vienna, Austria; www.r-project.org). The calibration
plots produced by bootstrapping with 1000 resamples were
used to test the calibration of the nomograms. The discrimi-
nation of the nomograms was evaluated by the receiver op-
erating characteristics (ROC). A greater area under the curve
(AUC) close to 1.0 indicated better ability of discrimination.

Data extraction was performed using the SEER*Stat Software
and statistical analyses were performed using SPSS 23.0 (IBM
Corporation, Armonk, NY, USA). All statistical tests were two-
sided, and P<0.05 was considered significant.

Ethics statement

The SEER dataset is a freely available database, and the data
released by SEER do not require informed patient consent be-
cause cancer is a reportable disease in every state in the USA.
The present study complied with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards.

Results

Clinical characteristics and incidence of early death

After excluding patients diagnosed by autopsy or death cer-
tificate, male patients, and those without complete records,
a total of 18 406 breast cancer patients at stage IV were en-
rolled in the construction cohort. Patients’ basic characteris-
tics are summarized in Table 1. According to the pre-definition,
5998 (32.6%) patients were categorized as early death, among
whom 4416 patients died due to cancer-specific cause. Most
patients with early death were diagnosed after age 50 years
(89.2%). The most common cancer subtype was Luminal A
(38.3%), followed by triple-negative (19.4%), Luminal B, and
HER2 enriched type. Except for the unknown grade, grade I
(37.0%) and Il (23.9%) were the most common types. Distant
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metastasis was found in 3842 (64.1%) patients in bone, 2471
(41.2%) patients in lung, 2178 (36.3%) patients in liver, and
820 (13.7%) patients in brain. A total of 5094 (84.9%) patients
did not receive any surgical intervention.

Risk factors for early death

In the univariate logistic regression, diagnosis age older than
50 years, unmarried status, black race, uninsured status, HER2-
enriched and triple-negative types, grade (II-IV), tumor size
>5 cm, paired sides, and distant metastases (lung, liver and
brain) were associated with greater risk of total early death.
Other race, Luminal B subtype, N1 and N2 stage, and surgical
interventions significantly decreased the risk of early death.
As for cause of death, uninsured status, Luminal B subtype,
tumor size 2-5 ¢cm and >5 ¢cm, and N3 stage showed differ-
ent trends in the cancer-specific and non-cancer-specific ear-
ly death. Table 2 provides detailed information.

When adjusting these factors in the multivariate logistic regres-
sion, the independent risk factors for total early death included
age older than 50 years, unmarried status, black race, uninsured
status, triple-negative type, grade (Il and IIl), tumor size >5 cm,
and metastasis to lung, liver, and brain. Luminal B subtype, N1
stage, and surgical interventions were significantly associat-
ed with lower risk of early death. Unmarried status, uninsured
status, Luminal B subtype, grade (Il and Ill), tumor size 2-5 cm
and >5 cm, N1 stage, and metastasis to bone and lung were
not consistent between the cancer-specific and non-cancer-spe-
cific early death groups. Table 3 provides detailed information.

Performance of the nomograms for predicting early death

Nomograms predicting the risk of early death are shown in
Figure 2 (Figure 2A-2C for all-cause, cancer-specific, and non-
cancer-specific early death, respectively). Excellent ability of
calibration was achieved in the 3 predictive models, with all
calibration curve close to the 45-degree line (Figure 3A-3C for
all-cause, cancer-specific, and non-cancer-specific early death,
respectively). All 3 nomograms showed satisfactory strength of
discrimination (Figure 3D-3F). The AUC for nomograms of the
all-cause, cancer-specific, and non-cancer-specific early death
prediction were 78.3% (95% Cl: 77.7-78.9%), 75.8% (95% Cl:
75.1-76.4%), and 72.3% (95% Cl: 71.6-72.9%), respectively.

In the validation cohort, a total of 689 (19.3%) breast cancer
patients were diagnosed as early death, among whom 508
patients died due to cancer-specific causes. Patients’ basic
characteristics are shown in Supplementary Table 1. The cali-
bration curve showed satisfactory agreement (Supplementary
Figure 1A-1C). As shown in Supplementary Figure 1D-1F,
the AUC for nomograms of the all-cause, cancer-specific, and
non-cancer-specific early death prediction were 74.0% (95%
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Table 1. Description of the early death for patients with IV breast cancer in the construction cohort.

Patients No. (%)
Subject

characteristics No early death Total early death Cancer specific early Non-cancer spe

death death
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Table 1 continued. Description of the early death for patients with IV breast cancer in the construction cohort.

Patients No. (%)

charsaucl:::l"i::tics No early death Total early death Cancer specific early Non-cancer spe
death death
Laterality
"""" leftsided 6030 (486) 2848 (475 2110 (47.8) 738 (466)
"""" Rightsided 5799 (467) 2684 (447) 1972 (447) 712 (450)
"""" Oneside,NOS 51 (04 35 (06 29 7 6 04
"""" Paired sides 528 (43) 431 (7. 305 (69 126 (80)
CTumorsize
"""" o-2em 1937 (156) 705 (118) 438 (99 267 (169
"""" 2Sem 4721 (380) 1871 (3L2) 1346 (305 525 (332)
"""" ssem 3263 (263) 1580 (263) 1274 (288) 306 (193)
"""" Unknown 2487 (000 1842 (30.7) 1358 (30.8) 484 (306)
CNstage
"""" N 2860 (230) 149 (248) 991 (224) 499 (315)
"""" NT 4321 (348) 1634 (7.2 1266 (87) 368 (233)
"""" N2 1131 (@1 370 (62 276 (63 94 (59)
"""" N3 3092 (49) 1613 (269) 1237 (28) 376 (238)
"""" Unknown 1004 (81 891 (149) 646 (146) 245 (155
CBomeMet
"""" N 352 (87 215 (359) 1525 (345 631 (39.9)
"""" Y 8846 (713) 3842 (641) 2891 (655) 951 (60.)
CBrainMet
"""" N 11786 (©50) 5178 (863) 3792 (859 1386 (876)
"""" Y 62 (50 80 (137 624 (141) 19 (124)
ClverMet
"""" N 9722 (784 3820 (637) 2712 (614) 1108 (70
"""" Y 2686 (16) 2178 (363) 1704 (386) 474 (30)
ClungMet
"""" N 886l (714 3527 (588) 2521 (57.0) 1006 (636)
"""" Y 3547 (286) 2471 (412) 1895 (429) 576 (364)
Csurgery
"""" Nosurgery 8177 (659) 5094 (849) 3785 (857) 1309 (827)
"""" M 1174 (@5 298 (50) 195 @44 103 (65)
"""" ™ 94 (79 201 G4 132 ¢ 69 (44
"""" RM 1851 (149) 339 (7)) 251 (57 88 (56)
"""" Othes 38 ©3 9 ©0» 5 @) 4 ©03
"""" Unknown 184 (15 57 (o) 48 (@) 9 (06

UOQ — upper outer quadrant; LOQ — lower outer quadrant; LIQ — lower inner quadrant; UIQ — upper inner quadrant; CEN — central
portion; NOS — not otherwise specified; PM — partial mastectomy; TM — total mastectomy; RM — radical mastectomy.
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Table 2. Univariate logistic regression for analyzing the risk factors for early death in patients with IV breast cancer.

Subject Total early death Cancer specific early death Non-cancer specific early death

characteristics OR (95% Cl) P value OR (95% Cl) P value OR (95% Cl) P value
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Table 2 continued. Univariate logistic regression for analyzing the risk factors for early death in patients with IV breast cancer.

Subject Total early death Cancer specific early death Non-cancer specific early death
characteristics OR (95% CI) P value OR (95% Cl) P value OR (95% Cl) P value
Laterality
"""" leftsided ~ Ref 10 Ref 10 Ref 10
 Rightsided  098(092-105) 0534 097 (091-104) 0419  101(091-113) 0848
 OnesideNOS 145(094-224) 0090  163(1.04-256) 0033  083(0.36-190) 0655
 pairedsides 173(151-198) <0001  150(130-173) <0001 167 (1.36-204) <0001

0-2 cm Ref 1.0 Ref 1.0 Ref 1.0
Cosem 109(098-121) 0100 129 (L15-145) <0001 077 (066-090) 0001
Cossem 133(120-148) <0001  180(159-203)  <0.001  0.60(051-071)  <0.001
CNstage
"""" NN  Rf 10  Rf 10  Rf 10
M1 073(067-079) <0001  092(083-101) 0065  051(044-059)  <0.001
N2 063(055-072) <0001  076(066-0.89) <0001  052(041-065  <0.001
T 100(092-109) 0976  121(L10-133) <0001 067 (0.58-077)  <0.001
CBoneMet
"""" Ne  Rf 10  Rf 10 Rf 10
s 072067-077) <0001  081(076-087) <0001  065(0.59-073)  <0.001
CBrainMet
"""" N  Rf 10  Rf 10  Rf 10
e 300 (269-335) <0001  265(237-296) <0001 177 (151-208) <0001
ClverMet
"""" Ne  Rf 10  Rf 10  Rf 10
e 206(193-221) <0001  215(200-232) <0001  121(108-136) 0001
ClngMet
"""" N  Rf 10  Rf 10  Rf 10
e 175(1.64-187) <0001 180 (L68-193) <0001  120(1.08-133) 0001
Csuigery
"""" Nosurgy ~ Ref 10  Ref 10  Ref 10
CPM 041(036-047) <0001  038(033-045 <0001 069 (0.56-085)  <0.001
M 033(028-033) <0001  031(026-038 <0001 057 (044-073)  <0.001
CRM 029(026-033) <0001  032(028-037) <0001  038(031-048)  <0.001
 Othes  038(018-079) 0009  030(012-076) 0011  085(031-237) 075

SEER — Surveillance, Epidemiology, and End Result; OR — odds ratio; Cl — confidence interval; Ref — reference; NA — not applicable;
UOQ — upper outer quadrant; LOQ — lower outer quadrant; LIQ — lower inner quadrant; UIQ — upper inner quadrant; CEN — central
portion; NOS - not otherwise specified; PM — partial mastectomy; TM — total mastectomy; RM - radical mastectomy.
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Table 3. Multivariate logistic regression for analyzing the risk factors for early death in patients with IV breast cancer.

Subject Total early death Cancer specific early death Non-cancer specific early death

characteristics OR (95% Cl) P Value OR (95% Cl) P Value
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Table 3 continued. Multivariate logistic regression for analyzing the risk factors for early death in patients with IV breast cancer.

Total early death
OR (95% CI)

Subject

characteristics P Value

Others

0.75 (0.29-1.94)

Cancer specific early death

0.65 (0.22-1.93)

Non-cancer specific early death

OR (95% ClI) P Value OR (95% ClI)

1.23 (0.28-5.34)

SEER — Surveillance, Epidemiology, and End Result; OR — odds ratio; Cl — confidence interval; Ref — reference; NA — not applicable;
UOQ — upper outer quadrant; LOQ — lower outer quadrant; LIQ — lower inner quadrant; UIQ — upper inner quadrant; CEN — central
portion; NOS - not otherwise specified; PM — partial mastectomy; TM — total mastectomy; RM = radical mastectomy.

Cl: 72.5-75.4%), 73.5% (72.0-74.9%), and 68.6% (67.0-70.1%),
respectively.

Discussion

The present study in a large cohort is the first to prove that
the survival of one-third of the stage IV breast cancer patients
was less than 12 months. Compared with the previously re-
ported proportion of early death by the national cancer data-
base (19.4%), the proportion in the present study is higher [10].

This work is licensed under Creative Common Attribution-
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Cardiovascular disease and breast cancer were previously re-
ported to be the primary causes of mortality in breast cancer
survivors [11]. In the present study, the cancer-specific cause
was proved to be the most important reason, resulting in 73.6%
of all the early deaths in the patients with stage IV breast can-
cer. Efforts to reduce the risk of cancer-specific early death are
crucial to improving the total survival.

Several risk factors were identified in the present study for

patients with early death. Age was found to be a common
risk factor for early death, and most of the early death cases
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Figure 2. Nomograms for predicting (A) all-cause early death; (B) cancer-specific early death and (C) non-cancer-specific early death in

stage IV breast cancer patients.

were patients older than 50 years. The proportion of early
death due to the 2 causes showed disparities in age at diag-
nosis, with a trend of more non-cancer-specific early death in
older patients, which is consistent with a previous study [12].
Therefore, health care should be provided to meet the needs
of patients in specific age groups.

Since the pioneering work by Perou et al. [13] and
Sorlie et al. [14], breast cancer has been divided into dif-
ferent subtypes, and enormous studies have been conduct-
ed to investigate the relationship between survival and each
subtype. In the present study, different subtypes were asso-
ciated with various odds of early death. Compared with the
Luminal A breast cancer, the triple-negative type was a risk
factor resulting in more cancer-specific and non-cancer-spe-
cific early death. Luminal B was a protective factor for cancer-
specific early death. The trend was also reported in the latest
study [15]. Therefore, clear pathological diagnosis is important
to predict early death and more studies should be performed
among patients with triple-negative breast cancer.

Distant metastasis was the main characteristic of stage IV
breast cancer. Bone was the most common metastatic site in
our study, followed by lung, liver, and brain. Multivariate anal-
ysis showed that metastasis to liver and brain was a common
risk factor for cancer-specific and non-cancer-specific early
death, while metastases to bone and lung were associated with
higher odds of cancer-specific early death. Due to the fact that

bone and lung accounted for three-quarters of all metastases,
more screenings should be scheduled to test these organs.

Socioeconomic variables were significantly associated with can-
cer management [16]. Because unmarried and uninsured pa-
tients are less likely to receive adequate mental and financial
support, such patients have limited resources for their cancer
treatment. Compared with white patients, black patients also
had higher risk for early death. Previous studies have investi-
gated the racial differences in breast cancer molecular features,
and indicated black patients were more likely to have basal-
like and HER2-enriched breast cancer subtypes [17]. Another
study reported that black women were significantly more like-
ly to develop triple-negative breast cancer [18]. In addition to
the biological disadvantage, neoadjuvant chemotherapy was
less likely to be completed in non-white patients, after con-
trolling other factors [19]. The underlying reasons should be
investigated in further studies.

Among the investigated variables in this study, surgery was
the most important protective factor for lower odds of early
death. Partial, total, and radical mastectomy can significantly
decrease the risk of early death. Surgery resulting in improved
survival of breast cancer with distant metastasis has been re-
ported in several studies [20,21]. However, only less than 15%
of all stage IV patients received surgery in this cohort from the
SEER database. As with all retrospective reviews, there was
a possible patient selection bias contributing to the better
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Figure 3. The calibration curve and ROC curve for assessing the calibration and discrimination of the nomograms in predicting all-
cause early death (A, D), cancer-specific early death (B, E) and non-cancer-specific early death (C, F) in the construction

cohort.

results in the patients after surgery [9]. Patients with better
conditions and less risk were reported to be more likely to re-
ceive surgical interventions [7]. Therefore, the actual benefit
from surgery for stage IV breast cancer should be evaluated.

In the current clinical processing, it was not convenient to
predict the possibility of early death for individual patients.
Several risk factors for early death were revealed in the pres-
ent study. Based on the revealed factors, the nomograms were
constructed, and this predictive system can be an effective
method for use in clinical practice [5].

Our study had several limitations. First, we defined the early
death as those who died within 1 year after diagnosis. With
larger populations, other intervals such as 3 and 6 months
should be further investigated. Second, the SEER database
only recorded the synchronous metastasis in breast cancer,
and data on patients with metachronous metastasis were not
available. Third, breast cancer has distinct heterogeneity, and

patients with different subtypes should receive different indi-
vidual treatment modalities. However, detailed information on
targeted treatment and specific regimens of adjuvant chemo-
therapy were not available in the SEER database.

Conclusions

Early death occurs in one-third of stage IV breast cancer pa-
tients, and the cancer-specific death was the most common
cause. A series of risk factors for early death were identi-
fied. Based on these factors, nomograms for predicting ear-
ly death were constructed. This predictive system can guide
and schedule targeted treatment regimens for patients with
stage IV breast cancer.
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Supplementary Table 1. Description of the early death for patients with IV breast cancer in the validation cohort.

Patients No. (%)

No early Total early Cancer specific Non-cancer specifi
death death early death early death
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Supplementary Table 1 continued. Description of the early death for patients with IV breast cancer in the validation cohort.

Patients No. (%)

No early Total early Cancer spec Non-cancer spe
death death early death early death

Unknown 26 (0.9 5 (0.7) 3 (0.6) 2 (1.2)

UOQ — upper outer quadrant; LOQ — lower outer quadrant; LIQ — lower inner quadrant; UIQ — upper inner quadrant; CEN — central
portion; NOS — not otherwise specified; PM — partial mastectomy; TM — total mastectomy; RM — radical mastectomy.
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Supplementary Figure 1. The calibration curve and ROC curve for assessing the calibration and discrimination of the nomograms
in predicting all-cause early death (A, D), cancer-specific early death (B, E) and non-cancer-specific early

death (C, F) in the validation cohort.
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