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Background: Although many studies have evaluated the association between breast cancer (BC) and
thyroid cancer (T'C), this association has not been completely studied. In this study, we focused on the effect
of BC as the first or second primary cancer on survival among women with T'C. We present the following
article in accordance with the STROBE reporting checklist.

Methods: Using the Surveillance, Epidemiology, and End Results (SEER) database, we performed a
retrospective cohort analysis of 134,785 women with BC and TC between 1974 and 2016. The patients
were divided into three subgroups, namely, T'C only (TC group, n=128,888), BC after TC (TC2BC group,
n=3,000), and BC before TC (BC2TC group, n=2,897). The curves for overall survival (OS) and cancer-
specific survival (CSS) were evaluated, and Cox regression analyses were performed to examine the effect of
BC as the first and second primary cancer on the CSS and OS of TC patients.

Results: The CSS rates in the TC, TC2BC, and BC2TC groups were 96.96%, 98.70%, and 96.70%,
respectively, and the OS rates were 91.17%, 77.13%, and 78.63%, respectively. Using the TC group as
a reference, the hazard ratios (HRs) for the CSS of the TC2BC and BC2TC groups were 0.333 [95%
confidence interval (CI): 0.243-0.456, P<0.001] and 1.299 (95% CI: 1.062-1.589, P=0.011), respectively. The
corresponding HRs for the OS were 1.544 (95% CI: 1.428-1.668, P<0.001) and 3.429 (95% CI: 3.158-3.724,
P<0.001), respectively.

Conclusions: Among the female patients with TC, BC, as the second primary cancer, has a significant
protective effect on the CSS of TC patients; however, when BC is the first primary cancer, it is a risk factor.

Besides, BC is a risk factor for the OS of TC patients, especially for patients who develop TC after BC.
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Introduction

The American Cancer Society (ACS) estimates that
breast cancer (BC) will be the most common new cancer
among women in 2020, accounting for 30% of new cancer
diagnoses, and thyroid cancer (T'C) will be the 5th most
common, accounting for 4% of new diagnoses (1). Many
studies have extensively demonstrated the relationship
between these two cancers in women (2-6). The overall
prognosis of TC is relatively good, with 5- and 10-year
survival rates of 95-97% (5). However, due to the high
incidence and favorable prognosis of T'C, many survivors
are at risk of developing a second primary cancer. A
previous study reported that among the T'C survivors, BC
was the second primary cancer in 35% of the cases, and
patients were at the highest risk of developing BC (7). The
ACS previously estimated that there would be 276,480 new
cases of BC among women in the United States in 2020,
with 42,170 deaths from the disease (1). Early diagnosis and
treatment improve the prognosis of BC patients. However,
a previous study reported that women with BC had a
significantly higher risk of developing a second primary
cancer than the general population (8). Among the patients
with BC, the incidence of T'C was 0.28% (9).

Previous studies have evaluated the association between
BC and TC (2-6,10,11), and several studies have assessed
the prognosis of BC as a second primary cancer in patients
with TC. Cheng et 4/. found that a history of TC had a
strong protective effect on BC-specific survival (12). Kuo
et al. found that BC was less histologically aggressive in
T'C survivors (5). Other studies have also assessed the
clinical characteristics of TC as the second primary cancer
in patients with BC. Li et /. showed that the risk of TC
development in patients with BC was higher than that in the
general population (13), and Huang et /. showed that the
BC survivors had a significantly higher risk of developing
TC (10). Furthermore, Siotek et al. proposed that the
aggregation of T'C and BC might be related to the CHEK?2
mutation (14); therefore, some people in the population will
develop both BC and TC.

As mentioned above, most of the previous literatures
discussed the influence of T'C on BC, but few mentioned
the influence of BC on TC. To further evaluate the
relationship between TC and BC in women, we considered
BC the influencing factor to assess its effect on the patients
with TC. In the present study, we used case data from
the Surveillance, Epidemiology, and End Results (SEER)
database to investigate the effects of BC as the first or
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second primary cancer on survival among women with TC,
considering the patients with only TC as the reference
group. We present the following article in accordance with
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-2243).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). After signing
the agreement and applying for a SEER account, we
downloaded the SEER data software (SEER*Stat version
8.3.2) and case data. Since SEER is a publicly available
database with anonymized data, ethical approval was not
required. The study cohort comprised 134,785 women
with TC who were registered in the SEER database
(1974-2016). The patients were divided into the following
three subgroups: TC only (T'C group, n=128,888), BC after
TC (TC2BC group, n=3,000), and BC before TC (BC2TC
group, n=2,897).

The patients’ demographic parameters were defined
as race (white, black, and other or unknown) and age at
diagnosis (<55 or >55 years). The year of diagnosis was
classified two groups, namely, 1974-1994 and 1995-2016.
The lesions were classified as solitary tumors, multifocal
tumors, or unknown. Extension was classified as yes, no,
or unknown. The treatment characteristics were defined as
surgery (yes or no) and radiation (refused, yes, or unknown).

The patients’ follow-up data were evaluated to calculate
the rates of cancer-specific survival (CSS), overall survival
(OS), and mortality rates per 1,000 person-years.

Statistical analyses

We used percentages to describe categorical variables,
and the median and interquartile range (IQR) to describe
continuous variables. Categorical variables were tested
using Pearson’s chi-square test. If the continuous variables
were normally distributed, use the independent group
test; if not, the Mann-Whitney test was used. For all tests,
P values <0.05 was considered statistically significant.
Univariate Cox regression analysis was performed to
examine whether CSS and OS were associated with age,
race, grade, histological type, TNM stage, extension status,
radiation treatment, or surgery. Multivariate Cox regression
analysis was performed in three steps. The first adjustment
included age and race. The second adjustment included
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age, race, grade, histology, T-stage, N-stage, M-stage,
multifocality and extension. Factors such as age, race, grade,
histology, T-stage, N-stage, M-stage, multifocality and
extension were included in the third adjustment. P value
<0.05 was considered statistically significant.

Survival curves were generated using the Kaplan-Meier
method and analyzed using the log-rank test. Statistical
analyses were performed using SPSS software (version
23.0), StataSE software (version 5.1), and GraphPad Prism
software (version 5.01). The differences were considered
statistically significant for P values <0.05.

Results

Differences in the demographic and clinicopathological
characteristics of the TC, TC2BC, and BC2TC groups

The demographic and clinicopathological characteristics
of the TC, TC2BC, and BC2TC groups are displayed in
Tuble 1. Patients aged <55 years accounted for 70.33% of
the TC group, 58.07% of the TC2BC group, and 33.52%
of the BC2TC group. The proportion of white people in
the TC, TC2BC, and BC2'T'C groups was 81.08%, 81.79%,
and 80.63%, respectively. The median survival of patients
in the TC, TC2BC, and BC2TC groups was 22.00 (IQR,
13.00-49.00) months, 155.00 IQR, 95.00-241.75) months,
and 57.50 (IQR, 24.00-104.00) months, respectively.
The CSS rates in the TC, TC2BC, and BC2TC groups
were 96.96%, 98.70%, and 96.70%, respectively, and the
corresponding OS rates were 91.17%, 77.13%, and 78.63 %,
respectively.

Cancer-specific and all-cause mortality in the TC, TC2BC,
and BC2TC groups

The cancer-specific mortality and all-cause mortality
in the TC, TC2BC, and BC2TC groups are shown in
Table 2. The cancer-specific mortality rates in the TC,
TC2BC, and BC2TC groups were 3.0%, 1.3%, and 3.3%,
respectively, and the cancer-specific mortality rates per
1,000 person-years were 3.036 [95% confidence interval
(CI): 2.935-3.141], 0.868 (95% CI: 0.634—1.188), and 4.869
(95% CI: 3.941-6.015), respectively. The corresponding
all-cause mortality rates for the TC, TC2BC, and BC2TC
groups were 8.8%, 22.9%, and 21.4%, respectively, and the
corresponding all-cause mortality rates per 1,000 person-
years were 9.161 (95% CI: 8.985-9.342), 15.264 (95% CI:
14.164-16.450), and 32.555 (95% CI: 30.000-35.327),
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respectively.

Comparison of CSS and OS among the TC, TC2BC, and
BC2TC groups

The results of the univariate analysis for the CSS and OS
in the different groups are shown in 7able 3. Using the TC
group as the reference, the hazard ratios (HRs) for the
CSS of the TC2BC and BC2TC groups were calculated
to be 0.333 (95% CI: 0.243-0.456, P<0.001) and 1.299
(95% CI: 1.062-1.589, P=0.011), respectively, whereas the
corresponding HRs for the OS were 1.544 (95% CI: 1.428—
1.668, P<0.001) and 3.429 (95% CI: 3.158-3.724, P<0.001),
respectively.

The results of the multivariate analysis of the factors
affecting the CSS and OS are shown in Table 4. In
adjustment 1, with the T'C group as the reference, the HRs
for the CSS and OS in the TC2BC group were 0.236 (95%
CI: 0.172-0.323, P<0.001) and 1.146 (95% CI: 1.06-1.238,
P=0.001), respectively, whereas the HRs for the CSS and
OS in the BC2TC group were 0.61 (95% CI: 0.499-0.747,
P<0.001) and 1.634 (95% CI: 1.504-1.775, P<0.001),
respectively. After adjustment 2, only the HR for the OS
in the BC2TC group was significant with reference to the
TC group (HR: 1.881, 95% CI: 1.18-2.997, P<0.001). After
adjustment 3, there was no significant difference in the HRs
for either the CSS or OSS in the TC2BC group or the
BC2TC group using the T'C group as the reference.

The Kaplan-Meier curves of the CSS and OS for the
TC, TC2BC, and BC2TC groups are shown in Figures 1,2,
respectively. We found statistical differences in the CSS and
OS among the three groups (P<0.05).

Discussion

Our study findings indicate that among women, the HR
for the CSS of TC patients with BC as the second primary
cancer was significantly reduced when the patients with
only TC were considered the reference group, whereas
the HR for the CSS of TC patients with BC as the first
primary cancer was increased. Further, the HR for the
OS in TC patients was significantly increased, regardless
of whether BC was the first primary cancer or the second
primary cancer. However, the HR of the OS increased
more significantly when BC was the first primary cancer in
TC patients than when BC was the second primary cancer.
These results suggest that BC, as the second primary
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Table 1 Clinicopathological characteristics of female patients with T'C, TC2BC, and BC2TC groups

TC group (n=128,888)

TC2BC group (n=3,000)

BC2TC group (n=2,897)

Covariate Level P value
Number % Number % Number %
Age <55 90,649 70.33 1,742 58.07 971 33.52 <0.001
>55 38,239 29.67 1,258 41.93 1,926 66.48
Race Black 9,087 7.15 199 6.65 220 7.61 0.685
White 103,012 81.08 2,448 81.79 2,331 80.63
Other 14,957 11.77 346 11.56 340 11.76
Year of diagnosis 1974-1994 12,879 9.99 866 28.87 179 6.18 <0.001
1995-2016 116,009 90.01 2,134 71.13 2,718 93.82
Grade | 19,754 15.33 407 13.57 427 14.74 <0.001
I 4,580 3.55 128 4.27 99 3.42
1 1,351 1.05 26 0.87 38 1.31
v 1,610 1.25 7 0.23 52 1.79
Unknown 101,593 78.82 2,432 81.07 2,281 78.74
Histology Papillary carcinoma 112,849 93.49 2,552 90.56 2,490 93.96 <0.001
Follicular carcinoma 7,855 6.51 266 9.44 160 6.04
T-stage T 29,152 22.62 285 9.50 789 27.24 0.015
T2 7,915 6.14 60 2.00 172 5.94
T3 8,798 6.83 71 2.37 235 8.11
T4 1,625 1.18 15 0.50 54 1.86
Unknown 81,498 63.23 2,569 85.63 1,647 56.85
N-stage NO 37,437 29.05 375 12.50 1,044 36.04 <0.001
N1 10,427 8.09 63 2.10 224 7.73
Unknown 81,024 62.86 2,562 85.40 1,629 56.23
M-stage MO 48,490 37.62 438 14.60 1,284 44.32 0.677
M1 754 0.59 7 0.23 24 0.83
Unknown 79,644 61.79 2,555 85.17 1,589 54.85
Multifocality Solitary tumor 54,879 42.58 736 24.53 1,477 50.98 0.03
Multifocal tumor 34,521 26.78 494 16.47 837 28.89
Unknown 39,488 30.64 1,770 59.00 583 20.12
Extension Yes 69,682 54.06 1,065 35.50 1,741 60.10 0.087
No 12,326 9.56 175 5.83 347 11.98
Unknown 46,880 36.37 1,760 58.67 809 27.93
Radiation Refused 414 0.32 8 0.27 5 0.17 0.529
Yes 57,203 44.38 1,257 41.90 1,117 38.56
Unknown 71,271 55.30 1,735 57.83 1,775 61.27
Surgery No 4,738 3.70 59 1.97 213 7.41 <0.001
Yes 123,342 96.30 2,932 98.03 2,663 92.59
Survival months - 22.00 (13.00-49.00) 155.00 (95.00-241.75) 57.50 (24.00-104.00) <0.001
CSS Alive 124,982 96.97 2,961 98.70 2,800 96.70 <0.001
Death 3,906 3.03 39 1.30 97 3.35
(O] Alive 117,501 91.17 2,314 7713 2,278 78.63 <0.001
Death 11,387 8.83 686 22.87 619 21.37

TC, thyroid cancer; BC, breast cancer; TC2BC, BC after TC; BC2TC, BC before TC; CSS, cancer-specific survival; OS, overall survival.
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Table 2 Cancer-specific mortality and all-cause mortality of TC, TC2BC, and BC2TC groups
Cancer-specific mortality All-cause mortality
Group Number % pergoygi?ears 95% Cl Number % per;ég?y?ears 95% Cl
TC 3,906 3.0 3.036 2.935-3.141 11,387 8.8 9.161 8.985-9.342
TC2BC 39 1.3 0.868 0.634-1.188 686 22.9 15.264 14.164-16.450
BC2TC 97 3.3 4.869 3.941-6.015 619 21.4 32.555 30.000-35.327
TG, thyroid cancer; BC, breast cancer; TC2BC, BC after TC; BC2TC, BC before TC; Cl, confidence interval.
Table 3 Univariate analysis for CSS and OS in different groups
CSs 0s
Analysis Group
HR 95% ClI P value HR 95% ClI P value
Analysis 1 TC Ref. Ref.
TC2BC 0.333 0.243-0.456 <0.001 1.544 1.428-1.668 <0.001
BC2TC 1.299 1.062-1.589 0.011 3.429 3.158-3.724 <0.001
Analysis 2 TC Ref. Ref.
TC2BC + BC2TC 0.709 0.598-0.842 <0.001 2.083 1.966-2.207 <0.001
Analysis 3 TC2BC Ref. Ref.
BC2TC 4.762 3.222-7.038 <0.001 2.715 2.411-3.056 <0.001

CSS, cancer-specific survival; OS, overall survival; HR, hazard ratio; Cl, confidence interval; TC, thyroid cancer; BC, breast cancer;
TC2BC, BC after TC; BC2TC, BC before TC.

Table 4 Multivariate analysis for clinicopathologic factors that affect the CSS and the OS

CSSs oS
Analysis Group
HR 95% ClI P value HR 95% ClI P value

Adjustment 1* TC Ref. Ref.

TC2BC 0.236 0.172-0.323 <0.001 1.146 1.06-1.238 0.001

BC2TC 0.61 0.499-0.747 <0.001 1.634 1.504-1.775 <0.001
Adjustment 2° TC Ref. Ref.

TC2BC 1.576 0.212-11.694 0.656 0.866 0.274-2.731 0.805

BC2TC 0.443 0.108-1.821 0.259 1.881 1.18-2.997 0.008
Adjustment 3° TC Ref. Ref.

TC2BC - - 0.97 0.631 0.086-4.631 0.651

BC2TC 0.388 0.052-2.876 0.355 1.309 0.558-3.069 0.536

2 Adjustment 1 for age and race; °, adjustment 2 for age, race, grade, histology, T-stage, N-stage, M-stage, multifocality and extension;
¢, adjustment 3 for age, race, grade, histology, T-stage, N-stage, M-stage, multifocality, extension, radiation and surgery. CSS, cancer-
specific survival; OS, overall survival; HR, hazard ratio; Cl, confidence interval; TC, thyroid cancer; BC, breast cancer; TC2BC, BC after

TC; BC2TC, BC before TC.
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Figure 1 Kaplan-Meier curves of CSS for TC, TC2BC, and
BC2TC groups. CSS, cancer-specific survival; T'C, thyroid cancer;
BC, breast cancer; TC2BC, BC after TC; BC2TC, BC before TC.
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Figure 2 Kaplan-Meier curves of OS for TC, TC2BC, and
BC2TC groups. OS, overall survival; TC, thyroid cancer; BC,
breast cancer; TC2BC, BC after TC; BC2TC, BC before TC.

cancer, has a significant protective effect on the CSS in TC
patients; however, BC, as the first primary cancer, is a risk
factor for the CSS in TC patients. In terms of the OS, BC
is a risk factor for TC patients, and when BC is the first
primary cancer, the risk of decreased OS is higher for TC
patients.

Previous studies have observed a correlation between
BC and TC (2-6,10,11). This correlation is of great clinical
significance for the BC and TC patients, as it may provide
guidelines for the treatment of BC or TC as the second
primary cancer, improve the prognosis of patients, and
improve the survival rate. However, thus far, the effect
of BC on TC has not been fully studied. Therefore,
we selected the case data from the SEER database and
considered the patients with only T'C as the reference group
to study the effect of BC as the first and second primary
cancer on T'C in women.

Marcheselli et al. showed that more than half of the
BC2TC patients were diagnosed with TC within 3 years
of BC diagnosis (9), and Kuo ez 4/. found that the median

© Translational Cancer Research. All rights reserved.

time to the diagnosis of BC in patients with TC2BC was
5 years after diagnosis of TC (5). This difference in time
to diagnosis may be related to the better prognosis of TC
compared to that of BC. Furthermore, patients with BC are
more likely to have thyroid-related examinations during the
post-diagnosis follow-up observations, and minor thyroid
lesions are likely to be detected in such follow-ups. In
addition, low-dose L-thyroxine replacement therapy after
T'C may also be one of the reasons for the delayed time of
BC diagnosis in patients with TC2BC (15).

Cheng et al. observed that a history of TC was a strong
protective factor for BC-specific survival in the TC2BC
patients (12). We found that in patients with TC2BC,
BC also had a strong protective effect on the TC-specific
survival. In a study by Sandeep ez /., the risk of BC after
T'C increased over time, and there was no evidence that BC
treatment increased the risk of TC (16). However, Zhang
et al. found that the mean values of TGAb and TPOAD
in the TC2BC group were higher than those in the TC
group (17). A previous study showed that serum TPOAb
and TGAD levels were significantly higher in the BC
patients than in the general population (18). Therefore, we
believe that the protective effect of second primary BC on
T'C might be related to the decrease in the levels of TPOAb
and T'GAD after BC treatment. However, more research is
needed to explore this hypothetical link.

Lei et al. found that TC is a protective factor for the
CSS of BC in the BC2TC group and speculated that TSH
inhibition therapy is the cause of such protection (19).
However, in this study, we found that BC is a risk factor for
the CSS of TC in the BC2TC patients. Previous studies
have reported that the risk and prognosis of T'C may be
related to the overexpression of ER and HER2 (20,21),
which are common in BC. Therefore, we believe that the
adverse effect of BC on the TC-specific survival may be
related to these factors.

Our results showed that both BC2TC patients and
TC2BC patients had higher HRs for OS than TC patients.
It is logical that patients with two primary cancers have a
lower OS than those who have only one primary cancer.
We believe this may be due to the increased risk of
complications associated with both types of cancer. Further
research is needed to investigate the potential relationship.

There are some limitations of this study. First, the results
of this study are heavily influenced by coding biases. This is
particularly important because of the long timeframe over
which this study was evaluated, during which time several
definitions related to T'C and BC have evolved. Second,
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in this study, we did not consider the effects of laboratory
test results, genetic factors, recurrence, and surgical
complications. Third, the study was based on a database
rather than clinical data, which may have lowered the level
of evidence. Fourth, since only women were selected for the
study, it is not clear whether our conclusions would remain
valid in men. Finally, this is a retrospective study that is
prone to recall bias.

Conclusions

In conclusion, among women, BC as the second primary
cancer has a significant protective effect on the CSS of
TC patients, but when BC is the first primary cancer, it
is a risk factor for worse CSS. BC is a risk factor for the
OS of TC patients regardless of whether it is the first or
second primary cancer, although it is a stronger risk factor
for patients with TC after BC. According to our results,
we believe that early diagnosis and treatment of T'C in BC
survivors should be further strengthened in clinical work,
so as to improve the prognosis and survival rate of BC2TC
patients. But further basic and clinical studies are needed to
explore more potential relationships between TC and BC.
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