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Abstract

Objective: There is limited information from population-based cancer registries re-
garding prognostic features of bilateral primary breast cancer (BPBC).

Methods: Female patients diagnosed with BPBC between 2004 and 2014 were ran-
domly divided into training (n = 7740) and validation (n = 2579) cohorts from the
Surveillance, Epidemiology, and End Results Database. We proposed five various
models. Multivariate Cox hazard regression and competing risk analysis were to
explore prognosis factors in training cohort. Competing risk nomograms were con-
structed to combine significant prognostic factors to predict the 3-year and the 5-year
survival of patients with BPBC. At last, in the validation cohort, the new score per-
formance was evaluated with respect to the area under curve, concordance index, net
reclassification index and calibration curve.

Results: We found out that age, interval time, lymph nodes invasion, tumor size,
tumor grade and estrogen receptor status were independent prognostic factors
in both multivariate Cox hazard regression analysis and competing risk analysis.
Concordance index in the model of the worse characteristics was 0.816 (95% CI:
0.791-0.840), of the bilateral tumors was 0.819 (95% CI: 0.793-0.844), of the worse
tumor was 0.807 (0.782-0.832), of the first tumor was 0.744 (0.728-0.763) and of the
second tumor was 0.778 (0.762-0.794). Net reclassification index of the 3-year and
the 5-year between them was 2.7% and —1.0%. The calibration curves showed high
concordance between the nomogram prediction and actual observation.
Conclusion: The prognosis of BPBC depended on bilateral tumors. The competing
risk nomogram of the model of the worse characteristics may help clinicians pre-
dict survival simply and effectively. Metachronous bilateral breast cancer presented

poorer survival than synchronous bilateral breast cancer.
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1 | INTRODUCTION
Breast cancer is the most common female malignancy world-
wide' and the contralateral primary breast cancer is the most
common second primary cancer in breast cancer patients.z’3
Nowadays, the increasing breast cancer incidence rates, im-
proving diagnosis and longer life expectancy have contributed
to the growing number of female patients at risk for bilateral
primary breast cancer (BPBC), which comprised of approxi-
mately 2%-11% of all breast cancer.*> Most studies reported
that patients diagnosed with contralateral breast cancer had
worse prognosis than patients with unilateral breast cancer
(UBC).**? However, little is known that what significant
factors lead to worse prognosis in patients with BPBC and
their impact on prognosis is controversial. We have no idea
whether it is the first tumor, the second tumor or the bilateral
tumors which plays a more important role in BPBC.

With the rapid development of early detection and treat-
ment, the mortality has decreased greatly in developed coun-
tries.' ! Nevertheless, a corollary of reduced mortality is the
greater opportunity to come to being other conditions, such as
second primary cancer and cardiovascular disease.'> A high
risk of competing noncancer events is inevitable. Therefore,
it is necessary to consider the competing death when evaluat-
ing the prognosis. Nowadays, the competing risk analysis has
been widely used in various cancer research.!>18

Nomogram is a valuable and convenient tool to quantify
various biological and clinical variables to generate a graph
of mathematical model that can predict a special endpoint.19
To date, several competing risk nomograms have been con-
structed to predict the survival probability for cancers such as
thyroid cancer and lung cancer.' 1

The purpose of the study was to find out prognostic fac-
tors in BPBC by competing risk analysis. Based on this, we
looked for a concise model and constructed a competing risk
nomogram that could be used for individualized risk assess-
ment in BPBC.

2 | PATIENTS AND METHOD

2.1 |

The data were selected from 18 registries of the Surveillance,
Epidemiology, and End Results Database (SEER) program,
which included female patients with breast cancer from 2004
to 2014. Then, we excluded the patients as follows:

Data acquisition and patient selection

Follow-up less than 3 months.

Did not undergo a surgical operation.

Cancer metastasis.

Ductal carcinoma in situ and lobular carcinoma in situ.
Unknown data.

Unconfirmed pathology.
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For obtaining BPBC patients, we then merged patient-unique
identification numbers, removed patients diagnosed with
third or more primaries cancer and ipsilateral breast cancer.
At last, there were 10 319 BPBC patients included in the
study.

The following data were collected for each patient:
patient number, age, race, interval time, follow-up time,
death, cancer-specific death, other causes of death, tumor
size, lymph nodes, grade, estrogen receptor (ER) status,
progesterone receptor (PR) status, histologic type, radi-
ation record, surgical method. As chemotherapy record
was no/unknown and human epidermal growth factor re-
ceptor-2 (HER-2) status was available after 2010, the data
were not incorporated into research and analysis. In addi-
tion, age and follow-up time of contralateral breast cancer
were calculated.

2.2 | Construction of the nomograms

The eligible patients were divided into two groups ran-
domly: training cohort (n = 7740) and validation cohort
(n = 2579). Continuous variable (interval time) was clas-
sified into three groups with X-tile. Interval time means
the interval between the first primary breast cancer and the
second primary breast cancer. We conducted a descriptive
analysis of the baseline clinical features of the included pa-
tients and used the chi-square test to compare the charac-
teristics of synchronous bilateral breast cancer (SBBC) and
metachronous bilateral breast cancer (MBBC). The mul-
tivariable Cox regression analysis was used to define the
factors independently influencing breast cancer-specific
survival (BCSS) in the training cohort. Afterwards, some
meaningless variables were excluded by stepwise model
selection. Based on this, we further screened for prognosis
impact factors by Fine and Gray's competing risk regres-
sion analysis and constructed a corresponding competing
risk nomogram.m’21 In addition, there were four new mod-
els brought up:

1. The worse characteristics regardless of side (eg if left
tumor was 20 mm, 5 positive lymph nodes and ER
negative, and right tumor was 50 mm, no positive
lymph nodes and ER positive. Fifty millimeter would
be selected for size, 5 positive lymph nodes for lymph
nodes and ER negative for ER status), including tumor
size, lymph nodes, tumor grade, ER status and PR
status;

2. The characteristics of worse tumor, based on lymph
nodes, then tumor size, then tumor grade, then ER status,
and then PR status; This order depended on the hazard by
the following analysis.

3. The characteristics of first tumor;

4. The characteristics of second tumor.
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To evaluate the discrimination and accuracy ability of five com-
peting risk nomograms, we used the Harrell's concordance index
(C-index) with a 95% confidence interval (95% CI) in the valida-
tion cohort, which were subjected to 500 bootstrap resamples.
The value of C-index ranges from 0.5 to 1, which resembles the
area under the curve (AUC).22 0.5 indicates a random chance
and 1 reflects a perfect discrimination. Calibration plots (500
bootstrap resamples) were generated to examine the agreement
between the nomogram-predicted and actual 3-year and 5-year
survival. The predictions were expected to fall on a 45° diagonal
line in a perfect calibrated model. Moreover, we drew receiver
operating characteristic curves of five models, and made a com-
parison among them. Net reclassification improvement (NRI,
continuous version) was estimated to classify cases and controls
adequately for analyzing the predictive abilities between the
worse characteristics and the characteristics of bilateral tumors.
NRI = P (cases classified better in nomograms) — P (cases clas-
sified worse in nomograms) + P (controls classified better in
nomograms) — P (controls classified worse in nomograms).

Validation of the nomograms

2.4 | Statistical analyses

Data analyses were performed using R software version 3.5.1
(R Foundation for Statistical Computing) and X-tile version
3.6.1(Robert L Camp, Yale University). Two-sided P values
less than .05 were considered statistically significant.

3 | RESULTS
3.1 | Clinicopathologic characteristics of
patients

AS shown in Table 1, a total of 10 319 eligible patients
from 2004 to 2014 were identified from the SEER data-
base. A quarter of the patients was classified as the vali-
dation group randomly, and the rest were used to develop
nomograms. The median follow-up time was 65 months
and was calculated for the entire study cohort according
to the reverse Kaplan-Meier method. The median age and
interval of all patients was 63 years and 20 months. During
the study period, 9.59% patients died from breast cancer
and 7.95% patients died from other causes. Patients died
of other causes accounted for approximately 45% of all
deaths. There were not apparently significant statistical
differences between patients in the training and validation
cohort except age, tumor size of the first primary breast
cancer and histologic of the second primary breast cancer.

In Table 2, included patients were divided into two groups
based on synchronous (interval < 4 months) and metachro-
nous (interval > 4 months) bilateral breast cancer, and there
were distinct differences between two groups (P < .001).

Patients with MBBC tended to be older, more often infiltrat-
ing ductal carcinoma, the worse differentiated grade and had
a higher proportion of ER and PR negative status both in the
first tumor (11.11% vs 25.76%, 19.51% vs 34.52%, P < .001)
and the second tumor (8.40% vs 24.72%, 18.03% vs 42.77%,
P < .001). Besides, in contrast to patients with SBBC, ER,
PR discordance and ER, PR concordant negativity made up a
larger proportion in MBBC (P < .001).

32 |

The multivariate Cox analyses of the bilateral tumors in
BCSS were listed in Table 3. After stepwise model selection,
we excluded bilateral histologic, PR status and surgery of the
first tumor. Race and radiation of the first tumor were not
found to be independently predictive of survival (P = .221
and P = .057, respectively). The strongest predictors were
age at diagnosis, interval, ER status, tumor size, lymph nodes,
and tumor grade (P < .001). Increasing age per year was pre-
dictive of worsened survival (hazards ratio [HR]:1.015; 95%
CI: 1.009-1.021; P < .0001). In order to rule out the influ-
ence of competing death events, we carried out multivariable
competing risk analysis to identify the following independ-
ent prognostic factors: age, interval, ER status, tumor grade,
tumor size and lymph nodes (P < .05).

We performed the same statistical analysis above in four
new models. In Table 4, Stepwise model selection eliminated
surgery and histologic. Under multivariable Cox regression
analysis, radiation of the second tumor and the worse PR sta-
tus were not to be independently predictive of survival. After
multivariable competing risk analysis, not surprisingly, we
sought out the same independent prognostic factors: age, in-
terval, ER status, tumor grade, tumor size and lymph nodes
(P < .05). Interval of 1-4 months showed better survival
than interval less than 1 month in multivariable cox regres-
sion (HR: 0.819; P = .032) and competing risk analysis (HR:
0.818; P =.069). Multivariable Cox regression and competing
risk analysis of the rest models were shown in Tables S1-S3.

Screening for prognostic factors

33 |

Considering the outcomes of the included variables in five
models, the competing risk nomograms were constructed to
predict the 3- and 5-year survival (Figure 1; Figures S1-S4).
By adding up the scores corresponding to each value and nor-
malizing the total scores to the baseline scale, we can easily
estimate the predictors for the 3- and 5-year survival.

Developing competing risk nomograms

3.4 | Calibration and
validation of the nomograms

These competing risk nomograms were validated using the
validation cohort and internally processed. The calibration
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TABLE 1 Demographic and clinical characteristics of the included bilateral primary breast cancer patients in the SEER database

All patients Training cohort Validation cohort
Demographic and clinical
characteristics n =10 319 n = 7740 n = 2579 P-value
Age (y) 62.98 +13.01 63.15 +12.95 62.45 +13.17 .034
Interval (mo) 20.10 + 32.55 20.05 + 32.53 20.27 £ 32.62 725
Race 733
White 8491 (82.29%) 6379 (82.42%) 2112 (81.89%)
Black 972 (9.42%) 719 (9.29%) 253 (9.81%)
Other 856 (8.30%) 642 (8.29%) 214 (8.30%)
Marital .67
Yes 5539 (53.68%) 4164 (53.80%) 1375 (53.32%)
No 4780 (46.32%) 3576 (46.20%) 1204 (46.68%)
Interval (mo) 796
<1 3973 (38.50%) 2989 (38.62%) 984 (38.15%)
1-4 2479 (24.02%) 1847 (23.86%) 632 (24.51%)
>4 3867 (37.47%) 2904 (37.52%) 963 (37.34%)
First Tumor
Histologic .631
IDC 7344 (71.17%) 5494 (70.98%) 1850 (71.73%)
ILC 2500 (24.23%) 1882 (24.32%) 618 (23.96%)
Other 475 (4.60%) 364 (4.70%) 111 (4.30%)
Grade 144
1 2666 (25.84%) 2007 (25.93%) 659 (25.55%)
11 4690 (45.45%) 3549 (45.85%) 1141 (44.24%)
v 2963 (28.71%) 2184 (28.22%) 779 (30.21%)
Surgery .56
BCS 4372 (42.37%) 3292 (42.53%) 1080 (41.88%)
Mastectomy 5947 (57.63%) 4448 (57.47%) 1499 (58.12%)
Radiation 763
Yes 4683 (45.38%) 3506 (45.30%) 1177 (45.64%)
No 5636 (54.62%) 4234 (54.70%) 1402 (54.36%)
ER 129
Positive 8606 (83.40%) 6480 (83.72%) 2126 (82.44%)
Negative 1713 (16.60%) 1260 (16.28%) 453 (17.56%)
PR 133
Positive 7725 (74.86%) 5823 (75.23%) 1902 (73.75%)
Negative 2594 (25.14%) 1917 (24.77%) 677 (26.25%)
Tumor size .567
T1 6081 (58.93%) 4568 (59.02%) 1513 (58.67%)
T2 3083 (29.88%) 2322 (30.00%) 761 (29.51%)
T3 539 (5.22%) 391 (5.05%) 148 (5.74%)
T4 616 (5.97%) 459 (5.93%) 157 (6.09%)
Lymph nodes .01
NO 6919 (67.05%) 5232 (67.60%) 1687 (65.41%)
N1 2273 (22.03%) 1647 (21.28%) 626 (24.27%)
N2 723 (7.01%) 559 (7.22%) 164 (6.36%)

(Continues)



Survival 8509 (82.46%) 6378 (82.40%) 2131 (82.63%)
Breast 990 (9.59%) 742 (9.59%) 248 (9.62%)
Other 820 (7.95%) 620 (8.01%) 200 (7.75%)
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TABLE 1 (Continued)
All patients Training cohort Validation cohort
Demographic and clinical
characteristics n =10 319 n = 7740 n = 2579 P-value
N3 404 (3.92%) 302 (3.90%) 102 (3.96%)
Second tumor
Histologic .015
IDC 7226 (70.03%) 5397 (69.73%) 1829 (70.92%)
ILC 2551 (24.72%) 1908 (24.65%) 643 (24.93%)
Other 542 (5.25%) 435 (5.62%) 107 (4.15%)
Grade 534
I 3363 (32.59%) 2545 (32.88%) 818 (31.72%)
I 4565 (44.24%) 3405 (43.99%) 1160 (44.98%)
v 2391 (23.17%) 1790 (23.13%) 601 (23.30%)
Surgery .038
BCS 3781 (36.64%) 2880 (37.21%) 901 (34.94%)
Mastectomy 6538 (63.36%) 4860 (62.79%) 1678 (65.06%)
Radiation 221
Yes 3386 (32.81%) 2565 (33.14%) 821 (31.83%)
No 6933 (67.19%) 5175 (66.86%) 1758 (68.17%)
ER 256
Positive 8821 (85.48%) 6634 (85.71%) 2187 (84.80%)
Negative 1498 (14.52%) 1106 (14.29%) 392 (15.20%)
PR .876
Positive 7502 (72.70%) 5624 (72.66%) 1878 (72.82%)
Negative 2817 (27.30%) 2116 (27.34%) 701 (27.18%)
Tumor size .859
Tl 7852 (76.09%) 5900 (76.23%) 1952 (75.69%)
T2 2036 (19.73%) 1524 (19.69%) 512 (19.85%)
T3 297 (2.88%) 218 (2.82%) 79 (3.06%)
T4 134 (1.30%) 98 (1.27%) 36 (1.40%)
Lymph nodes 428
NO 8188 (79.35%) 6163 (79.63%) 2025 (78.52%)
N1 1530 (14.83%) 1128 (14.57%) 402 (15.59%)
N2 370 (3.59%) 271 (3.50%) 99 (3.84%)
N3 231 (2.24%) 178 (2.30%) 53 (2.06%)
The cause of death 917

Note: In “the causes of death”, “survival” means that patients are alive. “Breast” means that patients die attributing to breast cancer. “Other” means that patients die

attributing to other causes except breast cancer.

Abbreviations: BCS, breast-conserving surgery; ER, estrogen receptor; IDC, infiltrating ductal carcinoma; ILC, infiltrating lobular carcinoma; PR, progesterone recep-

tor; SEER, Surveillance, Epidemiology and End Results.

plots of two nomograms (the bilateral tumors and the worse
characteristics) were presented in Figures 2 and 3, which
showed good coordination between the predicted and ob-
served outcomes. Concordance index was calculated in

the bilateral tumors (0.819 (95% CI: 0.793-0.844)) and in
the worse characteristics (0.816 (95% CI: 0.791-0.840)).
The two values were almost identical and not statistically
different. Concordance index in worse tumor was 0.807
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TABLE 2 Demographic and clinical characteristics between SBBC and MBBC

Demographic and clinical All patients Interval <4 Interval >4
characteristics N =10319 N = 6452 N = 3867 P-value
Age 61.78 + 12.75 64.99 + 13.20 <.001
ER <.001
++ 7843 (76.01%) 5504 (85.31%) 2339 (60.49%)
+/— 735 (7.12%) 311 (4.82%) 424 (10.96%)
—/+ 763 (7.39%) 231 (3.58%) 532 (13.76%)
—/— 978 (9.48%) 406 (6.29%) 572 (14.79%)
PR <.001
+/+ 7075 (68.56%) 4993 (77.39%) 2082 (53.84%)
+/— 848 (8.22%) 342 (5.30%) 506 (13.09%)
—/+ 650 (6.30%) 200 (3.10%) 450 (11.64%)
—/- 1746 (16.92%) 917 (14.21%) 829 (21.44%)
First tumor
Histologic <.001
IDC 7344 (71.17%) 4376 (67.82%) 2968 (76.75%)
ILC 2500 (24.23%) 1807 (28.01%) 693 (17.92%)
Other 475 (4.60%) 269 (4.17%) 206 (5.33%)
Grade <.001
I 2666 (25.84%) 1740 (26.97%) 926 (23.95%)
I 4690 (45.45%) 3110 (48.20%) 1580 (40.86%)
v 2963 (28.71%) 1602 (24.83%) 1361 (35.20%)
Surgery <.001
BCS 4372 (42.37%) 1894 (29.36%) 2478 (64.08%)
Mastectomy 5947 (57.63%) 4558 (70.64%) 1389 (35.92%)
Radiation <.001
Yes 4683 (45.38%) 2349 (36.41%) 2334 (60.36%)
No 5636 (54.62%) 4103 (63.59%) 1533 (39.64%)
ER <.001
Positive 8606 (83.40%) 5735 (88.89%) 2871 (74.24%)
Negative 1713 (16.60%) 717 (11.11%) 996 (25.76%)
PR <.001
Positive 7725 (74.86%) 5193 (80.49%) 2532 (65.48%)
Negative 2594 (25.14%) 1259 (19.51%) 1335 (34.52%)
ER/PR <.001
+/+ 7638 (74.02%) 5156 (79.91%) 2482 (64.18%)
+/—or —/+ 1055 (10.22%) 616 (9.55%) 439 (11.35%)
—/— 1626 (15.76%) 680 (10.54%) 946 (24.46%)
Tumor <.001
T1 6081 (58.93%) 3577 (55.44%) 2504 (64.75%)
T2 3083 (29.88%) 2068 (32.05%) 1015 (26.25%)
T3 539 (5.22%) 381 (5.91%) 158 (4.09%)
T4 616 (5.97%) 426 (6.60%) 190 (4.91%)
Lymph nodes <.001
NO 6919 (67.05%) 4082 (63.27%) 2837 (73.36%)

(Continues)
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TABLE 2 (Continued)

All patients Interval <4 Interval >4
Demographic and clinical
characteristics N =10319 N = 6452 N = 3867 P-value
N1 2273 (22.03%) 1580 (24.49%) 693 (17.92%)
N2 723 (7.01%) 512 (7.94%) 211 (5.46%)
N3 404 (3.92%) 278 (4.31%) 126 (3.26%)
Second tumor
Histologic <.001
IDC 7226 (70.03%) 4329 (67.10%) 2897 (74.92%)
ILC 2551 (24.72%) 1790 (27.74%) 761 (19.68%)
Other 542 (5.25%) 333 (5.16%) 209 (5.40%)
Grade <.001
I 3363 (32.59%) 2405 (37.28%) 958 (24.77%)
I 4565 (44.24%) 2976 (46.13%) 1589 (41.09%)
v 2391 (23.17%) 1071 (16.60%) 1320 (34.13%)
Surgery <.001
BCS 3781 (36.64%) 1979 (30.67%) 1802 (46.60%)
Mastectomy 6538 (63.36%) 4473 (69.33%) 2065 (53.40%)
Radiation <.001
Yes 3386 (32.81%) 1985 (30.77%) 1401 (36.23%)
No 6933 (67.19%) 4467 (69.23%) 2466 (63.77%)
ER <.001
Positive 8821 (85.48%) 5910 (91.60%) 2911 (75.28%)
Negative 1498 (14.52%) 542 (8.40%) 956 (24.72%)
PR <.001
Positive 7502 (72.70%) 5289 (81.97%) 2213 (57.23%)
Negative 2817 (27.30%) 1163 (18.03%) 1654 (42.77%)
ER/PR <.001
+/+ 7420 (71.91%) 5256 (81.46%) 2164 (55.96%)
+/—lor —/+4 1483 (14.37%) 687 (10.65%) 796 (20.58%)
—/- 1416 (13.72%) 509 (7.89%) 907 (23.45%)
Tumor .002
T1 7852 (76.09%) 4977 (77.14%) 2875 (74.35%)
T2 2036 (19.73%) 1225 (18.99%) 811 (20.97%)
T3 297 (2.88%) 181 (2.81%) 116 (3.00%)
T4 134 (1.30%) 69 (1.07%) 65 (1.68%)
Lymph nodes <.001
NO 8188 (79.35%) 5170 (80.13%) 3018 (78.04%)
N1 1530 (14.83%) 954 (14.79%) 576 (14.90%)
N2 370 (3.59%) 215 (3.33%) 155 (4.01%)
N3 231 (2.24%) 113 (1.75%) 118 (3.05%)

Abbreviations: BCS, breast-conserving surgery; ER, estrogen receptor; IDC, infiltrating ducal carcinoma; ILC, infiltrating lobular carcinoma; MBBC, metachronous
bilateral breast cancer; PR, progesterone receptor; SBBC, synchronous bilateral breast cancer.

(0.782-0.832), in first tumor was 0.744 (0.728-0.763) and P = .964) and 5-year (AUC: 0.828 vs 0.823; P = .998).
in second tumor was 0.778 (0.762-0.794). In Figure 4, the However, compared with other three models (Figures S5-
model of the bilateral tumors was similar to the model of S7), the predictive power of bilateral tumors was superior
the worse characteristics in 3-year (AUC: 0.845 vs 0.843; to them (P < .05), except for the model of the worse tumor
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TABLE 3 Multivariate COX and competing risk analysis of bilateral tumors in BPBC

Multivariate analysis Multivariable competing risk analysis

Variable HR (95% CI) P-value SHR (95% CI) P-value
Age 1.0149 (1.009-1.021) <.001 1.009 (1.003-1.02) .004
Race
White Reference
Black 1.1422 (0.923-1.413) 221 1.067 (0.838-1.36) .600
Other 0.7319 (0.534-1.003) .053 0.742 (0.537-1.02) .070
Marital
Yes Reference
No 1.212 (1.042-1.409) .013 1.136 (0.972-1.33) 110
Interval
<1 Reference
1-4 0.9024 (0.726-1.123) .356 0.898 (0.719-1.12) .340
>4 1.6416 (1.380-1.954) <.001 1.530 (1.269-1.84) <.001
First tumor
Grade
I Reference
11 1.125 (0.890-1.422) 324 1.107 (0.877-1.4) .390
/v 1.4952 (1.163-1.923) .002 1.433 (1.108-1.85) .006
Radiation
Yes Reference
No 1.1805 (0.995-1.401) .057 1.150 (0.964-1.37) 120
ER
Positive Reference
Negative 1.3568 (1.147-1.605) <.001 1.36 (1.139-1.62) .001
Tumor
T1 Reference
T2 1.5941 (1.328-1.914) <.001 1.575 (1.313-1.89) <.001
T3 1.6852 (1.257-2.260) .001 1.655 (1.199-2.28) .002
T4 2.7461 (2.137-3.529) <.001 2.421 (1.845-3.18) <.001
Lymph nodes
NO Reference
N1 1.5343 (1.267-1.859) <.001 1.503 (1.238-1.82) <.001
N2 24671 (1.957-3.111) <.001 2.465 (1.926-3.16) <.001
N3 3.6732 (2.841-4.749) <.001 3.735 (2.805-4.97) <.001
Second tumor
Grade
1 Reference
I 1.1744 (0.955-1.445) 128 1.157 (0.941-1.42) 170
/v 1.6937 (1.343-2.136) <.001 1.683 (1.322-2.14) <.001
Surgery
BCS Reference
Mastectomy 0.8206 (0.679-0.991) .040 0.865 (0.708-1.06) 150
Radiation
Yes Reference

(Continues)
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TABLE 3 (Continued)
Multivariate analysis Multivariable competing risk analysis
Variable HR (95% CI) P-value SHR (95% CI) P-value
No 1.2394 (1.019-1.508) .032 1.158 (0.940-1.43) 170
ER
Positive Reference
Negative 1.3874 (1.170-1.645) <.001 1.366 (1.138-1.64) .001
Tumor
Tl Reference
T2 1.4378 (1.208-1.712) <.001 1.373 (1.146-1.64) .001
T3 1.5503 (1.121-2.144) .008 1.468 (1.02-2.11) .039
T4 1.5146 (1.020-2.250) .040 1.518 (0.993-2.32) .054
Lymph nodes
NO Reference
N1 1.5064 (1.242-1.827) <.001 1.511 (1.238-1.84) <.001
N2 2.2529 (1.714-2.962) <.001 2.144 (1.567-2.93) <.001
N3 3.4334 (2.559-4.606) <.001 3.168 (2.285-4.39) <.001

Note: After stepwise model selection, we excluded bilateral histologic, PR and surgery of first tumor.

Abbreviations: BCS, breast-conserving surgery; BPBC, bilateral primary breast cancer; ER, estrogen receptor; PR, progesterone receptor.

in 5-year (P = .437). Finally, regarding the worse charac-
teristics as a new model, we computed the NRI in 3- (2.7%)
and 5-year (—1.0%), which indicated the predictive ability
of the new model improved in 3-year and worsened in 5-
year. Consequently, it also could not explain which model
gained advantage.

4 | DISCUSSION

This study picked out a most convenient and efficient prog-
nostic model out of five to evaluate the mortality for patients
with BPBC diagnosed from 2004 to 2014 in the SEER reg-
istry. As far as we know, the study is the first to develop a
competing risk nomogram and select the worse characteris-
tics as predictive factors, due to the complexity of bilateral
variables, to predict survival using a large population-based
cohort based on Fine and Gray's competing risk regression
analysis. Moreover, further verification indicated that the
model performed well in predicting the survival of 3- and
5-year for BPBC patients.

In virtue of the prolonged lifetime, advanced treatment
and early detection through systematic screening, the inci-
dence of BPBC had been rising.‘"24 Most studies focused on
diverse clinical features and outcomes between BPBC and
UBC. Also, the majority of authors reported the higher in-
cidence and worse survival of BPBC.>*>28 However, few
studies concentrated on the poor prognostic indicators for
survival of BPBC patients. So far, no study has reported
about competing risk analysis and nomogram of BPBC.

Because of the high proportion of nonbreast cancer deaths,
we have to take advantage of competitive risk analysis to ex-
plore prognostic factors accurately and reasonably. The re-
sults of our study demonstrated that age, interval time, tumor
size, lymph nodes, tumor grade and ER status were closely
associated with survival in BPBC patients. It revealed that
young age, low tumor grade, small tumor size, ER positivity
and no lymph node involvement were significant beneficial
prognostic factors for survival of both SBBC and MBBC, no
matter in the first tumor or in the second tumor. Several stud-
ies strongly supported and gave reassuring evidence.?*!
Admittedly, it is recognized that these are also considered as
vigorous prognostic factors in UBC patients because BPBC
itself is derived from UBC. To some extent, they are the same
disease. Why BPBC have inferior prognosis? Most probably,
larger overall tumor burden of both sides becomes the rea-
son affects prognosis. Mejdahl et al and Qiu et al found out
that the combined effect of having two cancers contributed
to excess mortality in BPBC.***? Our study agreed with the
point and regraded bilateral tumors variables as a reference
standard in five models. Based on this, we performed com-
parisons and selected an optimal model.

The definition of SBBC and MBBC in the existing lit-
erature is ambiguous. There is no consensus on the definite
cutoff time of interval and each author follows a different
criterion. According to X-tile, we chose 4 months as the
cutoff time to distinguish SBBC from MBBC. Mejdahl et al
shared the similar view on this,32 while several studies even
used a shorter cutoff time such as 3 months.*** In com-
parison with SBBC, MBBC was more often with ER, PR
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Multivariable competing risk

characteristics regardless of side in BPBC Multivariate analysis analysis

Variable HR (95% CI) P-value SHR (95% CI) P-value
Age 1.013 (1.008-1.018) <.001 1.007 (1.001-1.01) .018
Race

White Reference Reference

Black 1.301(1.087-1.558) .0041 1.151 (0.869-0.917) .230

Other 0.766(0.583-1.006) .0551 0.757 (0.552-1.04) .085
Marital

Yes Reference Reference

No 1.268 (1.112-1.445) <.001 1.139 (0.979-1.32) .092
Interval

<1 Reference Reference

1-4 0.819 (0.682-0.983) .032 0.818 (0.658-1.02) .069

>4 1.375 (1.182-1.600) <.001 1.434 (1.192-1.73) <.001
First radiation

Yes Reference Reference

No 1.208 (1.048-1.392) .009 1.168 (0.992-1.38) .062
Second radiation

Yes Reference Reference

No 1.103 (0.950-1.282) .1989 1.076 (0.905-1.28) .110
Worse tumor

T1 Reference Reference

T2 2.130 (1.782-2.546) <.001 2.002 (1.626-2.46) <.001

T3 2.971 (2.351-3.756) <.001 2.821 (2.142-3.71) <.001

T4 3.866 (3.098-4.823) <.001 3.302 (2.509-4.35) <.001
Worse lymph nodes

NO Reference Reference

N1 1.523 (1.283-1.808) <.001 1.548 (1.268-1.89) <.001

N2 3.127 (2.581-3.788) <.001 3.049 (2.419-3.84) <.001

N3 5.597 (4.585-6.832) <.001 5.238 (4.110-6.68) <.001
Grade

I Reference Reference

11 1.415 (1.030-1.945) 0324 1.325 (0.935-1.88) .110

/v 2.457 (1.783-3.385) <.001 2.342 (1.643-3.34) <.001
Worse ER

Positive Reference Reference

Negative 1.477 (1.237-1.763) <.001 1.457 (1.190-1.78) <.001
Worse PR

Positive Reference Reference

Negative 1.157 (0.964-1.389) 1183 1.126 (0.916-1.38) .260

Note: After stepwise model selection, we excluded bilateral surgery and histologic.
Abbreviations: BCS, breast-conserving surgery; BPBC, bilateral primary breast cancer; ER, estrogen receptor;

PR, progesterone receptor.

discordance and concordant negativity that resulted in poorer
prognosis.35 It is possible that ER/PR positive tumor is prone
to be treated with endocrine therapy, which greatly reduces

the risk of developing BPBC as time goes on.**37 Besides,
the first tumor of MBBC had a relatively favorable stage,
yet the second tumor of MBBC leaned toward larger tumor
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size, worse differentiated grade and more axillary nodal in-
volvement. Here is an interpretation for this phenomenon: the
invasive neoplasms progress in response to therapy or over
time, which lead to heterogeneous diseases.*® Several studies
held the similar point that MBBC was related to worse sur-
vival #26% They also suggested that MBBC was more likely
to show local recurrence. Except to heterogeneity of tumors,
maybe it was also because that patients with SBBC tended
to receive mastectomy instead of breast-conserving surgery,
which was also presented in Table 2 in our study. Patients with
MBBC should be followed particularly closely in order to de-
tect recurrence early and maximize quality of life. Moreover,
in our study, patients diagnosed with contralateral breast can-
cer within 1 month showed poorer survival in SBBC (Figure
1; Table 4). These patients perhaps diagnosed within 1 month
had a higher tumor burden concurrently that imperiled their
survival prospects. Patients may not be able to endure under
bilateral tumor load in such a short time.

Undeniably, there are some limitations in our study.
Firstly, the SEER database is short of schemes, dosage, fre-
quency and periods of chemotherapy, radiotherapy and endo-
crine therapy, which might cause result bias. Secondly, due
to the limited SEER dataset, family history and HER-2 status
are unable to be included in this study. Thirdly, external val-
idation set was lack to examine interaction competing risk
analysis and nomogram. Last but not least, as a retrospective
cohort population, inevitable selection bias might affect the
conclusions. More large-scale prospective randomized con-
trolled trials are warranted to identify the risk factors.

In summary, our study found out that age, interval time,
bilateral tumor size, bilateral lymph nodes, bilateral tumor
grade and bilateral ER status had a strong correlation with
survival of BPBC. Thereinto, MBBC (interval > 4 months)
presented poorer survival than SBBC (interval < 4 months).
In view of these above, a competing risk nomogram were con-
structed from a new model that incorporated into the worse
characteristics regardless of side, which was concise, valid
and never mentioned in other literatures. The nomogram may
assist clinicians in predicting the survival and evaluating the
stage of disease with quantifying indicators in order to guide
the management of BPBC patients.
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