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Background: The prognosis of female breast cancer (BC) patients is determined by many
clinicopathological factors. In this study, we aimed to identify prognostic factors for BC and develop reliable
nomograms to predict the 1-, 3-, and 5-year overall survival (OS) and breast cancer-specific survival (BCSS).

Methods: The Surveillance, Epidemiology, and End Results (SEER) database was used to screen 227,989
eligible patients as the study cohort. The whole cohort was randomly divided into a training cohort
(n=113,996) and a testing cohort (n=113,993). The log-rank test and Cox proportional hazards analysis
were applied to select variables and build nomogram models based on the training cohort. Internal and
external validation were performed to evaluate the performance of the models by calculating the C-index and
generating calibration plots in the training cohort and testing cohort.

Results: The following factors were included in both the OS and BCSS nomograms: subtypes of BC,
metastasis (bone, liver, lung, and brain), age at diagnosis, race, tumor size, grade, number of positive lymph
nodes, and marital status. The calibration plots presented excellent consistency between the actual and
nomogram-predicted survival probabilities in both the training cohort and testing cohort. The C-index
values of the nomograms were 0.796 and 0.793 for OS and 0.856 and 0.853 for BCSS in the training and
testing cohorts, respectively.

Conclusions: The established nomograms provide a visualization of the risk of each prognostic factor and
can assist clinicians in predicting the 1-, 3-, and 5-year OS and BCSS for all 4 subtypes of BC.
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Introduction Hormone receptors (HRs) [estrogen receptor (ER) and

progesterone receptor (PR)] and human epidermal growth

Breast cancer (BC) is the most frequently diagnosed cancer factor receptor 2 (HER2) are used as biomarkers for

in women worldwide, and it is the second leading cause selecting the appropriate therapy and evaluating prognosis

of cancer-related death in women in the United States. In in the clinical practice of BC. Patients with ER- and/or

2020, the American Cancer Society estimates that 276,480
American women will be diagnosed with invasive BC and
42,170 will die of the disease in the United States (1).
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PR-positive BC are likely to respond to endocrine treatment
and have better survival than those with ER- and/or
PR-negative BC (2). The overexpression of HER?2
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is associated with high-grade tumors, lymph node
involvement, a higher relapse rate, and mortality (3). In
one study, HER2-targeted therapy led to a significant
improvement in the survival of patients with HER2-positive
BC (4). Based on these biomarkers, BC can be classified
into 4 subtypes: HR+/HER2-, HR+/HER2+, HR-/HER2+
(HER2 overexpression), and HR-/HER2- [triple-negative
breast cancer (TNBC)].

In a previous study, the proportions of the BC subtypes
were 72.7% for HR+/HER2-, 12.2% for TNBC, 10.3%
for HR+/HER2+, and 4.6% for HR-/HER2+ (5). TNBC
is more likely to occur among younger women and
black women (6). HR-/HER2+ and TNBC tumors are
known to be more clinically aggressive and associated
with a poorer prognosis than HR+/HER2- tumors (7).
Therefore, the subtypes of BC are considered prognostic
factors for survival (8). BC can spread to different distant
organs, preferentially to the bones, lung, liver, and brain. A
previous study showed that bone metastasis accounted for
38.9%, lung metastasis accounted for 17.7%, live metastasis
accounted for 11.9%, multiple metastases accounted for
13.8%, and brain metastasis accounted for 2.5% (9) among
1,038 metastasis cases. Approximately one-third of BC
patients will present with distant metastasis, and the 5-year
survival rate decreases to 23% when distant metastasis
occurs (1).

For nonmetastatic breast cancer, systemic therapy is
determined by subtype. TNBC require chemotherapy
alone. HR-/HER2+ BC are treated with chemotherapy
combined with trastuzumab therapy. HR+/HER2-
BC receive endocrine therapy and a minority require
chemotherapy. HR+/HER2+ BC require chemotherapy
with trastuzumab and endocrine therapy. Systemic therapy
for metastatic breast cancer depends on subtype, including
standard regimens used in early lines plus agents for later
lines. In metastatic HR+/HER2- BC, cyclin-dependent
kinase (CDK) 4/6 inhibitor, such as abemaciclib, palbociclib,
or ribociclib, is used for first or second line of endocrine
therapy. For metastatic TNBC with germline BRCA1/2
mutations, PAPR inhibitors, Olaparib and Talazoparib can
be therapeutic option. However, more effective therapy
for metastatic TNBC is lacking and the clinical trials of
antibody-drug conjugates and programmed death ligand
1 (PD-L1) are ongoing. In HER2+ metastatic BC, taxane
plus trastuzumab and pertuzumab is used as standard first
line therapy, and the antibody-drug conjugate trastuzumab
emtansine as second-line therapy (10).

A nomogram is a kind of visual tool based on a prognostic
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model that includes the related clinicopathological factors
that provides the probabilities of the clinical outcomes of
particular individuals. Compared to the traditional tumor-
node-metastasis (I'NM) staging system, nomograms are
able to integrate more important prognostic factors and
provide a more precise estimation of prognosis. In our
study, subtype and metastatic pattern are included in the
nomograms, except for other clinicopathological factors,
such as age, race, tumor size, tumor grade, etc. Recently,
some previous nomograms had been built for TNBC (11)
or brain metastasis BC (12). However, to the best of our
knowledge, there was no study to build nomograms for all
4 subtypes of BC based on the updated data of the recent
years. In this study, we aimed to build nomograms capable
of predicting the survival outcomes of all 4 subtypes of
BC patients based on a large population database from
the Surveillance, Epidemiology, and End Results (SEER)
program.

Methods
Study coborts

SEER is a large-scale cancer registration database that
covers approximately 34.6% of the U.S. population. The
data for this study were selected from 18 registries of
the SEER program, which is supported by the National
Cancer Institute (NCI). The primary cohort for this
study was collected from patients with information on
the subtypes of BC in the SEER database from January 1,
2010, to December 31, 2016. The inclusion criteria were
defined as follows: (I) female; (II) older than 18 years; (I1I)
diagnosis confirmed by positive histology other than by
other methods; (IV) BC as the first and primary cancer by
international rules; (V) belonging to 1 of the 4 subtypes,
which are HR+/HER2-, HR+/HER2+, HR-/HER2+,
and HR-/HER2-; (VI) survival data with complete and
available dates and more than 0 days of survival; and (VII)
clear clinicopathological information for all the variables
of interest including age at diagnosis, race, marital status,
breast subtype, tumor size, location, grade, laterality,
number of positive lymph nodes, histological subtype, and
metastasis site (Figure I).

To develop and validate the nomogram model, the
primary cohort was randomly divided into a training
cohort (n=113,996) and a validation cohort (n=113,993) by
applying ‘createDataPartition’ function in the package of
‘caret’ from R, version 3.6.1.
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malignant primary

Adult females with breast cancer confirmed by histological
diagnosis from 2010 to 2016, and breast cancer as the first

cancer (N=363,717)

y

/

of survival

Patients who had complete follow-up dates and more than 0 days

(N=355,605)

y

/

Patients with information on survival outcome and reason for
death (N=343,919)

y

/

Patients with information on

(N=321,069)

the subtypes of breast cancer

y

/

Patients without unknown or ambiguous data for the variables of
interest (N=227,989)

Figure 1 Flowchart of the cohort selection process.

Variables and endpoints

The following variables at diagnosis were selected
as the potential prognostic factors: age, race (White,
Black, American Indian/Alaska Native, Asian, or Pacific
Islander), marital status, laterality (right or left side), tumor
subtypes (HR+/HER2-, HR+/HER2+, HR-/HER2+,
HR-/HER2-), tumor location (nipple, central portion
of the breast, upper-inner quadrant of the breast, lower-
inner quadrant of the breast, upper-outer quadrant of the
breast, lower-outer quadrant of the breast, axillary tail of
the breast, overlapping lesion of the breast), tumor grade
(well-differentiated, moderately differentiated, poorly
differentiated, undifferentiated or anaplastic), tumor size,
number of positive regional nodes, and histological subtype.
Marital status was classified as married or unmarried. The
latter included single, separated, divorced, widowed, and
unmarried/domestic partners. Histological subtype was
classified as infiltrating duct carcinoma, lobular carcinoma,
and other. The value of age at diagnosis, tumor size, and
number of positive regional nodes were transformed into
grouped categorical variables according to regular practice.
Both overall survival (OS) and breast cancer-specific
survival (BCSS) were used as primary endpoints for this
study. OS was defined as the total survival time from the

© Annals of Translational Medicine. All rights reserved.

date of diagnosis to the date of death occurring as a result of
all causes of death. BCSS was defined as the time from the
date of diagnosis to the date of death caused by BC. The
censor time point for this study was December 31, 2016,
which was the latest update on the follow-up time.

Statistical analysis

The baseline characteristics of the cohorts were described
by summarizing the counts and percentages for each
variable of interest.

Based on the training cohort, the risk of each prognostic
factor for OS and BCSS was estimated by applying the log-
rank test and multivariate analysis. First, univariate analysis
was performed by using each of the potential prognostic
factors as the only dependent variable. If the P value was
significant (<0.05) in the log-rank test of univariate analysis,
the factor was included in the multivariate Cox proportional
hazards model. Then, the significant factors in multivariate
analysis (at least 1 level with P value <0.05) were selected for
the final prognostic models to construct the nomograms.
The 1-, 3-, and S-year prognoses of OS and BCSS were
predicted by the constructed nomograms.

To confirm the predictive accuracy of the nomogram,
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both internal (200 bootstrap resamples based on the
training cohort) and external (based on the testing cohort)
validations were performed. The performance of the
models for predicting the survival outcomes was evaluated
by C-index values (13) and calibration plots. The range of
the C-index value was from 0.5 to 1.0, which would indicate
that that the discrimination ability of the models is low to
perfect. The calibration plots were generated by comparing
the observed survival probabilities with the nomogram-
predicted probabilities of OS and BCSS.

Kaplan-Meier curves were utilized to show the impact of
each prognostic factor on survival outcomes based on the
primary cohort.

Results
Demographics and clinicopathological characteristics

There were 227,989 adult female patients with subtype
information who were selected from the SEER database
for this study. The patients were randomly allocated
into the training cohort and the validation cohort, with
113,996 patients in the training cohort and 113,993 in
the testing cohort. Among all the patients, more than
half of the patients were between 50-59 (25.78%) and
60-69 (28.35%) years of age. In terms of race, most of the
patients were White (79.54%). In terms of tumor subtypes,
HR+/HER2- accounted for 74.62% of the total, whereas
the proportions for the other 3 subtypes were 10.25% for
HR+/HER2+, 3.98% for HR-/HER2+, and 11.14% for
TNBC. In general, all the factors had similar proportions
between the training cohort and testing cohort, which
indicated that patient allocation was performed according
to random principles. By the end of the follow-up, 15,027
(6.6%) patients had died in the primary cohort, with
8,586 (3.8%) deaths due to BC and the remaining 6,441
(2.8%) due to other causes. The details of the baseline
characteristics are listed in Table 1.

Univariate and multivariate Cox proportional bhazards
analyses

The hazard ratios for OS and BCSS according to all
variables in the univariate or multivariate Cox proportional
hazards model are listed in Table 2. According to the results
of univariate and multivariate analyses, we found that the
laterality, histology, and location of the tumor were not
significant factors for either OS or BCSS. After excluding
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the above unqualified variables, we finally had age, race,
marital status, subtypes of BC, tumor grade, tumor
size, number of positive lymph nodes, bone metastasis,
liver metastasis, lung metastasis, and brain metastasis as
prognostic factors in the multivariate Cox proportional
hazards models for both the OS and BCSS analyses.
Among the subgroups of age, the subgroups of 70-79
and >80 years of age had a significantly higher risk than
the younger subgroups. Compared to White patients,
Black and American Indian/Alaska Native patients were
at higher risk of death, whereas Asian or Pacific Islander
patients were at lower risk. The HR+/HER2+ subtype
exhibited the lowest risk among the 4 subtypes according
to the results of multivariate analysis. The hazard ratios
of the other 3 subtypes increased in the following order:
HR+/HER2-, HR-/HER2+, and TNBC. The unmarried
group also showed a higher risk than the married group. The
detailed results for the other factors are presented in Table 2.
Collectively, each prognostic factor had consistent hazard
ratio results between the OS and BCSS analyses.

Construction and validation of the nomograms

The nomograms for 1-, 3-, and 5-year OS and BCSS were
generated by using the multivariate Cox proportional
hazards models as the final prognostic models after the
process of factor selection (Figure 2). The calibration
plots presented excellent consistency between the actual
and nomogram-predicted survival probabilities in both
the training cohort and the testing cohort (Figure 3). The
C-index values of the nomograms in the training cohort
were 0.794 (95% CI, 0.789-0.800) for OS and 0.855 (95%
CI, 0.849-0.861) for BCSS. In the testing cohort, the
C-index values were 0.795 (95% CI, 0.790-0.801) for OS
and 0.856 (95% ClI, 0.850-0.862) for BCSS.

Survival analysis

Kaplan-Meier curves were generated to present the effect of
the prognostic factors in the nomograms on OS and BCSS
based on the primary cohort. All the prognostic factors in
the nomograms were also significant in the primary cohort.
This result was consistent with the results of the training
cohort, as shown in Table 2. From the curves, we found that
most of the factors presented the same outcome trends for
OS and BCSS except for age. From the curve of the age
factor, we found that the subgroup of >80 years of age had a
markedly poorer prognosis for OS than for BCSS.
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Table 1 Demographics and baseline characteristics of patients with four subtypes of breast cancer

All patients (n=227,989) Training cohort (n=113,996) Testing cohort (113,999)
Characteristics
Number of patients % Number of patients % Number of patients %
Age
18-29 1,312 0.58 675 0.59 637 0.56
30-39 10,532 4.62 5,198 4.56 5,334 4.68
40-49 39,364 17.27 19,706 17.29 19,658 17.24
50-59 58,777 25.78 29,349 25.75 29,428 25.82
60-69 64,635 28.35 32,351 28.38 32,284 28.32
70-79 39,275 17.23 19,683 17.27 19,592 17.19
>80 14,094 6.18 7,034 6.17 7,060 6.19
Race
White 181,350 79.54 90,727 79.59 90,623 79.50
Black 24,372 10.69 12,116 10.63 12,256 10.75
American Indian/Alaska Native 1,349 0.59 658 0.58 691 0.61
Asian or Pacific Islander 20,918 9.18 10,495 9.21 10,423 9.14
Marital status
Married 137,213 60.18 68,725 60.29 68,488 60.08
Unmarried 90,776 39.82 45,271 39.71 45,505 39.92
Subtypes
HR+/HER2- 170,135 74.62 85,005 74.57 85,130 74.68
HR+/HER2+ 23,377 10.25 11,684 10.25 11,693 10.26
HR-/HER2+ 9,083 3.98 4,545 3.99 4,538 3.98
Triple negative 25,394 11.14 12,762 11.20 12,632 11.08
Histology
Infiltrating duct carcinoma 174,174 76.40 87,054 76.37 87,120 76.43
Lobular carcinoma 20,107 8.82 9,995 8.77 10,112 8.87
Other 33,708 14.78 16,947 14.87 16,761 14.70
Location
Nipple 752 0.33 364 0.32 388 0.34
Central portion of breast 11,433 5.01 5,682 4.98 5,751 5.05
Upper-inner quadrant of breast 32,717 14.35 16,389 14.38 16,328 14.32
Lower-inner quadrant of breast 14,266 6.26 7,082 6.21 7,184 6.30
Upper-outer quadrant of breast 89,370 39.20 44,831 39.33 44,539 39.07
Lower-outer quadrant of breast 19,702 8.64 9,862 8.65 9,840 8.63
Axillary tail of breast 1,131 0.50 566 0.50 565 0.50
Overlapping lesion of breast 58,618 25.71 29,220 25.63 29,398 25.79

Table 1 (continued)
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Characteristics

All patients (n=227,989)

Training cohort (n=113,996)

Testing cohort (113,999)

Number of patients

%

Number of patients

%

Number of patients

%

Laterality
Right: origin of primary
Left: origin of primary
Grade
Well differentiated; Grade |

Moderately differentiated;
Grade Il

Poorly differentiated; Grade Il

Undifferentiated; anaplastic;
Grade IV

Tumor size, cm

>5

Positive regional nodes number
0
1-3
4-9
>10

Bone metastasis
No
Yes

Brain metastasis
No
Yes

Liver metastasis
No
Yes

Lung metastasis
No

Yes

112,772
115,217

54,613
100,854

72,025
497

58,349
83,314
45,279
18,282
8,750
14,015

162,133
48,687
11,831

5,338

226,355
1,634

227,892
97

227,393
596

227,342
647

49.46
50.54

23.95
44.24

31.59
0.22

25.59
36.54
19.86
8.02
3.84
6.15

71.11
21.35
5.19
2.34

99.28
0.72

99.96
0.04

99.74
0.26

99.72
0.28

56,601
57,395

27,335
50,321

36,097
243

29,078
41,809
22,700
9,111
4,359
6,939

81,105
24,354
5,831
2,706

113,193
803

113,946
50

113,689
307

113,662
334

49.65
50.35

23.98
44.14

31.67
0.21

25.51
36.68
19.91
7.99
3.82
6.09

71.15
21.36
5.12
2.37

99.30
0.70

99.96
0.04

99.73
0.27

99.71
0.29

56,171
57,822

27,278
50,533

35,928
254

29,271

41,505

22,579
9,171
4,391
7,076

81,028
24,333
6,000
2,632

113,162
831

113,946
47

11,3704
289

113,680
313

49.28
50.72

23.93
44.33

31.52
0.22

25.68

36.41
19.81
8.05
3.85
6.21

71.08

21.35
5.26
2.31

99.27
0.73

99.96
0.04

99.75
0.25

99.73
0.27
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Figure 2 Nomograms for predicting 1-, 3-, and 5-year OS (A) and BCSS (B) for patients with the prognosis factors. The total points are

calculated by summing up the points for each factor. The predicted probabilities of OS and BCSS can be obtained by projecting the location

of the total points to the bottom scales. NO. nodes: number of positive lymph nodes. OS, overall survival; BCSS, breast cancer-specific

survival.

Discussion

The survival prognosis of female

to determine the true factors related to prognosis. Different

BC patients can be from the nomograms intended for a specific type of BC,

affected by multiple factors simultaneously. Therefore, it is our nomograms were established to predict OS and BCSS

necessary to integrate all the possible factors together and for all 4 subtypes of BC based on a large cohort of 227,989
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Figure 3 Calibration curves for the 1-, 3-, and 5-year. (A,B,C) Internal calibration curves for OS; (D,E,F) external calibration curves for OS;
(G,H,]) internal calibration curves for BCSS; (J,K,L) external calibration curves for BCSS. OS, overall survival; BCSS, breast cancer-specific

survival.
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patients from the SEER database.

Prognostic factors

In terms of the BC subtypes, a previous study showed
that the best survival pattern was observed among women
with the HR+/HER2- subtype (survival rate of 92.5%
at 4 years), followed by HR+/HER2+ (90.3%), HR-/
HER2+ (82.7%), and finally TNBC (77.0%), which had
the worst survival. In stage IV BC, there is evidence that
the HR+/HER2+ subtype exhibits better survival than the
HR+/HER2- subtype (7). In operable invasive BC, the
HR-/HER2+ subtype shows better prognosis than TNBC
but worse prognosis than the HR+ subtypes regarding both
BCSS and OS (8). In our study, however, HR+/HER2+
had a lower survival risk than HR+/HER2- in multivariate
analysis. This result might be explained by endocrine
therapy and targeted HER-2 therapy for the HR+/HER2+
subtype. The HR-/HER2+ subtype and TNBC subtype
had a higher survival risk than the HR+/HER2- subtype,
which was consistent with the results of previous studies.

As the critical prognostic factor of BC, the site of
metastasis has a strong correlation with survival outcomes.
Bone metastasis is the most common metastasis of BC. The
median survival time for patients with bone-only metastasis
is 7.54 years (14). Lung metastasis is the second most
common metastasis in BC patients, with a median survival of
22 months after treatment (15). As the third most common
metastasis, liver metastasis leads to a median survival time
of only 4-8 months in patients without treatment (16).
Compared to the above 3 kinds of metastases, brain
metastasis is an infrequent pattern but represents a
significant cause of morbidity and mortality in BC. The
median survival of brain metastases ranges from 7 months
for TNBC to 20 months for the luminal B subtype (17).
Likewise, we found that patients with bone metastasis had a
longer median survival time than those with liver and lung
metastasis. Moreover, brain metastasis led to the shortest
median survival time (Figure 4A4,B,C,D,E,F,G,H).

Age at diagnosis was found to be an important prognostic
factor for BC. A previous study showed that the 5-year
survival rates of patients aged less than 40, between
40 and 50, and >50 were 54.3%%3.5%, 68.5%+1.9%,
and 70.4%=1.3%, respectively (18). In another study,
BC-specific mortality at 5 years for age >80 and 70-79
was 25.8% and 17.2%, respectively (19). In this study, we
observed a similar trend among the age subgroups. The
hazard ratios of OS and BCSS showed a downward trend

© Annals of Translational Medicine. All rights reserved.
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from the subgroup of <40 years of age to the subgroups of
40-49 and 50-59 years of age, and then rose significantly as age
increased. In addition to this U-shaped trend of hazard ratios,
we also noticed that the BCSS of the >80-year-old subgroup
was not as bad as the OS (Figure 41,7). This finding indicated
that the poor survival prognosis of patients aged >80 years
old might be due to other reasons unrelated to BC itself.

In a systematic review, it was shown that unmarried
patients had a higher risk of metastatic cancer and shorter
survival, and unmarried individuals had higher odds of
having a later stage of BC at diagnosis. These trends are
likely due to the lack of the positive effect of marriage
affecting the likelihood of cancer being diagnosed at an
early stage (20). This is consistent with our study, which
also provides evidence suggesting that unmarried patients
are at a higher risk for poor prognosis.

Several studies have shown that race is another prognostic
factor for survival outcomes. Compared to White women, all
of African American, Hispanic/Latina, Asian American/Pacific
Islander, and American Indian/Alaska Native women have
lower incidence rates, but they are more likely to be diagnosed
at regional/distant stages, which is associated with poorer
survival (21,22). Moreover, our data showed that American
Indian/Alaska Native and African American BC patients had
higher mortality than White patients, whereas Asian/Pacific
Islander BC patients had lower mortality than White patients.

Predictive capability of the models

The Cox proportional hazards method was applied to
construct the nomogram models. To ensure that the factors
indeed contributed to the models, only the qualified factors
were selected for the nomogram models. The factors of
interest were considered qualified prognostic factors only if
they were significant in both the univariate and multivariate
analyses. The performance of the models was evaluated
by calibration and discrimination through both internal
and external validations. Here, discrimination refers to the
ability of the models to correctly distinguish patients with
events from those without events (23). Calibration is defined
as the degree of consistency between the estimated risk
generated by the model and the actual observed risk. The
calibration plots demonstrated good agreement between
the estimated probabilities and the real probabilities for
both OS and BCSS. To evaluate the discrimination of the
nomograms, the C-index was calculated for both OS and
BCSS based on the training and testing cohorts. As shown
above, all the values of the C-index were greater than 0.7.

Ann Transl Med 2020;8(8):544 | http://dx.doi.org/10.21037/atm-20-2808



Annals of Translational Medicine, Vol 8, No 8 April 2020

A

B

Page 13 of 15

1.00 1.00 1.00
0.75 =0.75
Q
«©
Q
[}
0.50 6.0.50
K]
2
2 N
Bone metastasis 0.25{  Bone metastasis 30-25]  Liver metastasis Liver metastasis
“+ No i + No + No -+ No
+ Yes P<0.000] - Yes P<0.0001 + Yes P<0.0001 +Yes P<0.0001
0.00 ' 0.00 ' 0.00 0.00
6 12 24 3 48 60 12 0 d2 24 3 48 60 72 G 12 24 3 48 60 172 0 12 24 36 60 72
0 Months © Months 0 Months 0 Months
@ Number at risk @ Numberat risk @ Number at risk @ Number at risk
k7] k7] k7] 7]
S -possss 18s0s 14583 111420 7otss  dossy 23242 S —poasss 16408 145830 111420 79155 dsese 23242 S -borass tesess tasiss 111sss 7o42s  dgsix 23912 & -perass fes8s taeess 1118se 7e4s  dsser 212
o j53 j53 j5)
2 < 2 c
@ 0 12 24 3 48 60 72 g 0 7 7@ ¥ B/ w72 8 O 12 24 3 48 60 72 2 0 12 24 3 48 60 72
Months Months Months Months
1.00 1.00 1.00

Survival probability

Lung metastasis

e
3
o

o
N}
@

Lung metastasis

Survival probabil
o
13
o

Brain metastasis

Brain metastasis

+ No «No +No +No
- Yes P<0.0001 - Yes P<0.0001 - Yes P<0.0001 - Yes P<0.0001
0.00; 0.00 0.00 0.00
0 12 24 36 48 60 72 6 12 24 36 48 60 72 0 12 24 36 48 60 72 0 12 24 36 48 60 72
° Months o Months @ Months ” Months
G Numberat risk G Numberat isk @ Number atrisk 2 Number at risk
] 9 T T
8 b tes2r rasacs tiisso 7eerr  dssan oy 8 o tesez wsws a0 7om7  dasess  2ant 8 -borswo tesss asers r1es 7os02 dowrr 23027 B -forsse vesses ey e Tesre  aserr 237
|53 j5 j53 -
j5
E lor w0 o w0 ow o 7 E _ler a0 w e @ E |« > PR i E-lor = w0 uw o on s
2 2 £ <
3 o 12 22 3% 48 60 72 3 0 12 22 3% 4 60 72 8 o 12 22 36 60 72 S o0 12 22 3 48 60 72
Months Months Months @ Months

= =
© © @ @
g K] S 8
E‘ Age §0.50 Age §_0.50 §0.50
] - <@ g <0 3 3
= -+ 30-39 =S -+ 30-39 = Race s
2025 = a0 2025 Lot 20250 ome 2025 Re
7] b 7} b %] = Bace @ = Biace
e P<0.0001 i P<0.0001 = Amean st e - Amercan niaAaska Natve
000 < im 000l Ik 0,00 ™ s orPactcsander 20,0001 0.00| ™ AsanorPaic sander P<0.0001
0 12 24 8 60 12 G 12 24 3 48 60 72 0 12 24 3 48 60 72 0 12 24 36 48 60 72
Months Months Months
Number at risk Number at risk Number at risk Number at risk
1072 =312 130 =[181350 148180 117520 84119 40421 18958 148180 117520 64119 4042 18958
) Z |1 102
o 32413 25088 3 @ = |39 4ats 8 lowre rome wsas 794 aset 250 3 o784 15381 7084 4ge1 2250
o Gt saas 20088 Sl ] S S
L |  ms13 414 22550 < = o635 6578 T | 18 e an 27 "7 o 1108 872 a7 267 "7
Clgr e am zlm i - B s e
0 12 24 48 0 72 12 24 36 48 60 72 24 48 60 72
Months
1.00 1.00
2z
0.75
o o
Q Qo
2 2
2 0.50 S.0.50|
g g
H Tumor st H
5 me types 5 Tumor subtypes
3025 eroumn 3025 eromne
Marttal satus Marttal satus i et
- Mared - Marred + HeRo MRy + HER-HR: 20,0001
0.00] * umares P<0.0001 0.00| - unmaris P<0.0001 0.00] * TiReNesate P<0.0001 0.00 ™ TPeNesatve <0
0 12 24 36 48 60 72 0 12 24 36 48 60 72 G 12 24 3% 48 60 72 6 12 24 3 6% 72
» i Months @ Months 2 Months. 2 Months
2 Numberatrisk 2 Numberatrisk & Number at risk @ Number atrisk
E g £ -l s wme o e s 2w 2 |mar s o e e 2
[ T w2 a2 w70 taete B e s sos  eswe w70 et B o
] ] ks 2 ~|°
S -fore s s s s o2 s E oo e s wms sm e e N 5 [ s e
= 0 12 24 36 48 60 72 = 0 12 24 36 48 60 72 E 0 12 24 36 48 60 72 .2 0 36 48 60 72
Months Months Months Months

© Annals of Translational Medicine. All rights reserved.

Ann Transl Med 2020;8(8):544 | http://dx.doi.org/10.21037/atm-20-2808



Page 14 of 15

Chu et al. Nomograms for all four subtypes of breast cancer

1.00 1.00 1.00 1.00
Z 2 =y 2,
=0.75 = 0.75] =0.75 =0.75
Qo a Qa a
© © o ©
Q Q Q Q
<) <) [} [}
480.50 Tumor size 50.50 Tumor size 80.50 50.50
[ 1 ] =tcm [ [
2 e 2 s 2 2
2 & 2o = il 2 Grade c Grade
+ 3om + 5om
3025 + sdom 3 0-25 + ziom 3025 + Grade! 3025 - Grade!
+ <5om + s5em + Gradell + Gradell
- >5om P<0.0001 + >5cm P<0.0001 + Gradelll + Grade
0.00 0.00] 0.00 + Grade IV P<0.0001 0.00 He Grado IV P<0.0001
0 12 24 3 48 60 72 0 12 24 3 48 60 72 [} 12 24 3 48 60 72 0 12 24 3 48 60 72
Months Months Months Months
o Numberat risk o Numberatrisk Number at risk Number at risk
8 =[ses0 S - - -
2 Nse o i sz on7 s 2 oo 2007 211 1984 05 g - g -
S 44 11406 643 ez 348 fezt S 11406 8% 5862 621 £o= B o
£ ; 214 : E " ] [0} o}
E Eg e g se e n i -
12 24 3 48 60 72 6 2 24 3 48 60 72 0 2 24 3 48 60 72 0 12 24 3 48 60 712
Months Months Months Months
>
2075 £0.75
Fol Q
Qo
] 8
2 °
£ 0.50 5050
3 2
s Positive nodes 2 i
2025 € g.05| Positivenodes
a +0 %] -
+ 13 13
EA P<0.0001 + 49 P<0.0001
0.00{ 0.00, T
0 12 24 3 48 60 72 0 12 24 3 48 60 72
Months Months
@ Number at risk @ Number at risk
o °
o - o -
o < 39928
o 3
2 - 2 o9
% - . Z-
[ 12 24 3 48 60 72 o 0 12 24 3 48 60 72
Months Months

Figure 4 Kaplan-Meier curves of OS and BCSS for each predictor. (A,B) Bone metastasis; (C,D) liver metastasis; (E,F) lung metastasis; (G,H)
brain metastasis; (I,]) age; (K,L) race; (M,N) marital status; (O,P) subtype; (O,R) tumor size; (S, T) grade; (U,V) number of positive lymph

nodes. OS, overall survival; BCSS, breast cancer-specific survival.

In particular, the C-index values of BCSS were greater than
0.85 in both the training and testing cohorts. These results
demonstrated that the nomograms had good discrimination
for OS and excellent discrimination for BCSS. In addition,
the 95% CI of the C-index values was particularly narrow
for both OS and BCSS, which indicated that the established
nomograms had a high degree of credibility.

Limitations

Unavoidably, there were also some limitations of this study.
First, the treatment variables were not considered prognostic
factors because the information on treatment in the SEER
database was limited. Second, the study cohort did not
include patients with missing or unknown information for
any of the involved variables, which may cause selection
bias. Third, as a retrospective study, our nomograms need
to be confirmed in further prospective studies. Fourth,
although internal and external validations could evaluate the
performance of the nomograms, it is necessary to validate
the nomograms in cohorts outside of the SEER program.
Therefore, further prospective studies based on other cohorts

© Annals of Translational Medicine. All rights reserved.

are needed to guarantee the performance of our nomograms.

Conclusions

Based on a large-scale population from the SEER database,
we constructed nomograms to predict survival outcomes for
all 4 subtypes of BC patients. The established nomograms
could provide a visualized estimation of risk for each
prognostic factor and assist clinicians in predicting the 1-, 3-,
and 5-year OS and BCSS of BC patients.
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