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Background: Thyroid cancer is the most common endocrine cancer today. Differentiated thyroid cancer
(DTC) comprises more than 95% of all thyroid cancers. With the increasing incidence of tumors and
development of screening, more patients suffer from multiple cancers. The purpose of this study was to
explore the prognostic value of a history of prior malignancy for stage I DTC.

Methods: Stage I DTC patients were identified from the Surveillance, Epidemiology, and End Results
(SEER) database. The Kaplan-Meier method and Cox proportional hazards regression method were used
to determine the risk factors for overall survival (OS) and disease-specific survival (DSS). A competing risk
model was also used to determine the risk factors for DTC-related death after considering the competitive
risks. In addition, conditional survival analysis in patients with stage I DTC was performed.

Results: A total of 49,723 patients with stage I DTC were enrolled in the study, and 4,982 (10.0%) had
prior malignancy history. Prior malignancy history was a factor affecting OS (P<0.001) and DSS (P<0.001)
in the Kaplan-Meier analysis and an independent risk factor for OS [hazard ratio (HR) =3.6, 95% confidence
interval (CI): 3.17-4.088, P<0.001] and DSS (HR =4.521, 95% CI: 2.224-9.192, P<0.001) in the multivariate
Cox proportional hazards regression analysis. In the competing risk model, in the multivariate analysis,
prior malignancy history was a risk factor for the DTC-related deaths [subdistribution HR (SHR) =4.32,
95% CI: 2.233-8.3593, P<0.001] after considering the competitive risks. Conditional survival showed that
the probability of achieving 5-year DSS was not changed in either the two groups with or without prior
malignancy history. For the patients with prior malignancy history, the probability of achieving 5-year OS
increased with each additional year survived, but for the patients without prior malignancy history, the
improvement of conditional OS only appeared with 2 years already prior survived.

Conclusions: Prior malignancy history has an adverse impact on the survival of patients with stage I DTC.
The probability of achieving 5-year OS for stage I DTC patients with prior malignancy history increases
with each additional year survived. The inconsistent survival effects of prior malignancy history should be

considered in clinical trial design and recruitment.
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Introduction

Thyroid cancer is the most common endocrine cancer
today (1). In 2020, 586,202 new cases and 43,646 deaths
were reported due to thyroid cancer worldwide. Thyroid
cancer is the fifth most common malignancy for women
worldwide that year (2). Differentiated thyroid cancer
(DTC) comprises more than 95% of all thyroid cancers (1).
Four types of DTC are recorded: the most frequent forms
are papillary thyroid cancer (PTC) and follicular thyroid
cancer (FTC), with PTC accounts for more than 85% of
all DTC cases. The third and fourth types of DTC are
Hiirthle cell cancer and poorly D'TC (3).

The risk of thyroid cancer-related death at 10 years for
stage I DTC based on the American Joint Committee on
Cancer (AJCC) 7th edition and 8th edition staging system
are both less than 2% (3). Compared with the 7th edition,
one-third of patients are downstaged in the 8th edition,
and more than 90% of patients have stage I or II DTC (3);
in some studies, the 10-year disease-specific survival
(DSS) for stage I DTC based on the AJCC 7th edition
reached 100% (4). Assessment of the risk of recurrence and
progression is a dynamic process. The risk of recurrence
and disease-specific mortality can change over time;
therefore, recurrence risk estimates should be continually
modified during follow-up (5).

With recent progress in the screening, diagnosis, and
treatment of many cancers, patients with early-stage cancer
are more likely to be detected, cancer mortality is reduced,
and survival time is much longer (2,6-10). In this case,
patients with a history of cancer may suffer from a second
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primary cancer or multiple primary cancers, including
thyroid cancers, in the post-treatment follow-up. Rosso ez 4.
reported that in different European countries, multiple
primary tumors account for an overall proportion of 6.3%
of all considered cancers and range from 0.4% to 12.9% in
different countries. For cancers with high incidence and long
survival, the proportion of multiple tumors is higher (11).
Bhatti et al. reported a 29% increased risk of thyroid cancer
after any primary malignancy, when compared to the general
population (12). Lal ez 4l. found that 12 months after the
initial diagnosis of most common form of invasive cancer,
standardized incidence ratios for subsequent primary thyroid
cancer were greatly elevated especially after the account of
renal and female breast cancers in nonirradiated patients (13).

The Surveillance, Epidemiology, and End Results (SEER)
Program provides information on cancer statistics among
the U.S. population, and SEER is an authoritative source for
cancer statistics in the United States. The SEER database
consists of 18 cancer registries. Although this public
database provides relatively comprehensive information
about tumor clinical characteristics and pathologic feature,
it also has some limitations. For example, the lack of some
important information and detailed treatment options.

"To date, most studies regarding D'T'C are based on data
from single-center studies or multicenter studies and have
focused on the clinical characteristics and pathologic features
that influence prognosis (14,15). Few studies based on SEER
have evaluated the relationship of a prior malignancy history
and the prognosis of thyroid cancer (13,16).

In this study, we surveyed the impact of a prior
malignancy history on the prognosis of individuals with
DTC based on SEER, to confirm the prognostic value of
a prior malignancy history and provide evidence for the
development of follow-up strategies for specific DTC
patients. We present this article in accordance with the
STROBE reporting checklist (available at https://ter.
amegroups.com/article/view/10.21037/tcr-22-2232/rc).

Methods
Patient selection

The SEER database (https://seer.cancer.gov/) was employed
in the present study. In this study, SEER*Stat software
(version 8.3.9) was used to obtain access. The “Incidence-
SEER 18 Regs Custom Data (with additional treatment
field), Nov 2018 Sub (1975-2016 varying)” database was
chosen in this study. The data from SEER are public and
do not involve the privacy of patients; therefore, review
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and consent of the ethics committee are not needed. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

A total of 210,045 thyroid cancer patients were
identified for the initial analysis. Next, patients with
histology codes of 8050 (papillary carcinoma, NOS),
8260 (papillary adenocarcinoma, NOS), 8330-8332
(follicular adenocarcinoma), and 8340-8344 (papillary
carcinoma_follicular varian/microcarcinoma/oxyphilic cell/
encapsulated/columnar cell) were included (NOS means
nothing otherwise special). All patients with AJCC stage 1
were included (AJCC 7th edition). Patients whose “Survival
months” were “0” and “Not available” were excluded.
Finally, 49,723 eligible patients remained. Information
about patient demographics and cancer characteristics, such
as sex, age, year of diagnosis, race, marital status, tumor
grade, T stage, N stage, histological type, treatment, prior
malignancy history and survival time were obtained.

Study variables

The definition and information regarding the variables of
sex, diagnosis age, year of diagnosis, race, marital status,
tumor grade, histological type, and survival time can be
found in the SEER database. Overall survival (OS) and
disease-specific survival (DSS) were the primary study
endpoints. For OS (variable name: outcome), patients
were divided into two groups: deceased (value: 1) and alive
(value: 0). For DSS (variable name: outcome2), patients
were divided into two groups: those who died of DTC
(value: 1) and others (value: 0). To perform the competing
risk model, a new variable was defined (variable name:
outcome3), and patients were divided into three groups:
those who died of DTC (value: 1); those who died of other
causes (value: 2) and those who survived (value: 0). For age,
patients were divided into three groups (variable name:
Age.cat): <40, 41-60, and >61 years old. For race, patients
were divided into two groups: white and others. For marital
status, patients were divided into three groups: a single or
unmarried group, a married group, and others. For the
diagnosis year, all patients were divided into two groups:
diagnosed between 2011-2012 and 2013-2015. For AJCC
T stage (variable name: AJCC.T), patients were divided
into two groups: T0-T2/Tx and T3-T4. The AJCC N
stage (variable name: AJCC.N) was also divided into two
groups: NO/Nx and N1. For the tumor size (variable name:
"Tumor.size), patients were divided into three groups: <1, 1-2
and >2 cm. For the tumor grade, patients were divided into
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three groups: I, II-1II and unknown. For the histological
types (variable name: Hist.type), Patients were divided
into two groups: PTC (PTC_NOS) and others. For the
surgery method (variable name: Surgery.method), patients
were divided into four groups: subtotal thyroidectomy,
total thyroidectomy, none and others. Patients were
divided into two groups based on whether they underwent
radiotherapy: those who underwent radiotherapy (Yes) and
those who did not undergo radiotherapy or were unknown
(No/Unknown). Patients were also divided into two
groups based on whether they underwent chemotherapy:
those who underwent chemotherapy (Yes) and those who
did not undergo chemotherapy or were unknown (No).
Additionally, patients were divided into two groups based on
whether or not they had a prior malignancy or malignancies
(Is.primary): without prior malignancy (Yes) and with prior
malignancy or malignancies (No).

Statistical analysis

R (version 4.0.5) was used for the statistical analysis and
visualization. Normality was tested using the Shapiro-
Wilk normality test. Comparisons between two groups of
continuous variables were performed using the Wilcoxon
rank-sum test or two-sample #-test depending on normality.
Comparisons between two or more groups of count
variables were performed using the chi-squared test. Some
R packages were used in this study. The “survival” package
was used for the Kaplan-Meier survival analysis and Cox
regression analysis; the “tidyverse” package was also used for
the conditional survival analysis; the “forestplot” package
was used for the drawing of forest plots; and the “cmprsk”
package was used for competing risk model building. A P
value of less than 0.05 defined statistical significance.

Results

The baseline demographic and clinicopathological
characteristics of the enrolled patients in the SEER
database

Finally, 49,723 stage I D'TC patients were enrolled in our
study. Among them, 4,982 had prior malignancy history (“Is.
primary”: No), and 44,741 had no prior malignancy history
(“Is.primary”: Yes). The patients’ baseline demographic
characteristics and clinicopathological characteristics are
summarized in Table 1. Comparisons between groups
showed significant differences in some variables, including
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Table 1 Summarized demographic and clinicopathological characteristics of the patients at baseline

Is.primary

Variables Total (n=49,723) P value
No (n=4,982) Yes (n=44,741)
Age (years), median [Q1, Q3] 44 [35, 57] 59 [46, 68] 43 [34, 55] <0.001
Age.cat, n (%) <0.001
<40 years 20,158 (40.54) 741 (14.87) 19,417 (43.4)
41-60 years 19,954 (40.13) 1,966 (39.46) 17,988 (40.2)
>61 years 9,611 (19.33) 2,275 (45.66) 7,336 (16.4)
Sex, n (%) <0.001
Female 40,118 (80.68) 3,620 (72.66) 36,498 (81.58)
Male 9,605 (19.32) 1,362 (27.34) 8,243 (18.42)
Race, n (%) <0.001
Others 9,600 (19.31) 746 (14.97) 8,854 (19.79)
White 40,123 (80.69) 4,236 (85.03) 35,887 (80.21)
Marital, n (%) <0.001
Married 29,191 (58.71) 2,903 (58.27) 26,288 (58.76)
Others 8,480 (17.05) 1,209 (24.27) 7,271 (16.25)
Single/unmarried 12,052 (24.24) 870 (17.46) 11,182 (24.99)
Diagnosis, n (%) 0.098
2011-2012 23,852 (47.97) 2,334 (46.85) 21,518 (48.09)
2013-2015 25,871 (52.03) 2,648 (53.15) 23,223 (51.91)
AJCC.T, n (%) <0.001
TO-T2/Tx 44,029 (88.55) 4,756 (95.46) 39,273 (87.78)
T3-T4 5,694 (11.45) 226 (4.54) 5,468 (12.22)
AJCC.N, n (%) <0.001
NO/Nx 41,764 (83.99) 4,669 (93.72) 37,095 (82.91)
N1 7,959 (16.01) 313 (6.28) 7,646 (17.09)
Tumor.size, n (%) <0.001
1-2cm 15,148 (30.46) 1,575 (31.61) 13,573 (30.34)
<1cm 24,369 (49.01) 3,006 (60.34) 21,363 (47.75)
>2 cm 10,206 (20.53) 401 (8.05) 9,805 (21.92)
Grade, n (%) 0.056
| 10,851 (21.82) 1,038 (20.84) 9,813 (21.93)
1111 1,804 (3.63) 163 (3.27) 1,641 (3.67)
Unknown 37,068 (74.55) 3,781 (75.89) 33,287 (74.4)
Hist.type, n (%) 0.006
Others 20,248 (40.72) 2,120 (42.55) 18,128 (40.52)
PTC_NOS 29,475 (59.28) 2,862 (57.45) 26,613 (59.48)

Table 1 (continued)
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Is.primary
Variables Total (n=49,723) P value
No (n=4,982) Yes (n=44,741)
Surgery.method, n (%) <0.001
None 911 (1.83) 211 (4.24) 700 (1.56)
Others 8,105 (16.3) 985 (19.77) 7,120 (15.91)
Subtotal thyroidectomy 1,096 (2.2) 116 (2.33) 980 (2.19)
Total thyroidectomy 39,611 (79.66) 3,670 (73.67) 35,941 (80.33)
Radiotherapy, n (%) <0.001
No/unknown 31,225 (62.8) 3,647 (73.2) 27,578 (61.64)
Yes 18,498 (37.2) 1,335 (26.8) 17,163 (38.36)
Chemotherapy, n (%) <0.001
No 49,645 (99.84) 4,960 (99.56) 44,685 (99.87)
Yes 78 (0.16) 22 (0.44) 56 (0.13)
Survival.months, median [Q1, Q3] 42 [25, 61] 41 [24, 59] 43 [25, 61] <0.001
Outcome, n (%) <0.001
0 48,624 (97.79) 4,508 (90.49) 44,116 (98.6)
1 1,099 (2.21) 474 (9.51) 625 (1.4)
Outcome2, n (%) <0.001
0 49,682 (99.92) 4,964 (99.64) 44,718 (99.95)
1 41 (0.08) 18 (0.36) 23 (0.05)
Outcomed, n (%) <0.001
0 48,624 (97.79) 4,508 (90.49) 44,116 (98.6)
1 41 (0.08) 18 (0.36) 23 (0.05)
2 1,058 (2.13) 456 (9.15) 602 (1.35)

Outcome: overall survival (0, alive; 1, deceased); Outcome2: disease-specific survival (0, others; 1, died of DTC); Outcome3: competing
risk outcome (0, survived; 1, died of DTC; 2, died of other causes). AJCC, American Joint Committee on Cancer; Hist.type, histological
type; Is.primary, prior malignancy history (Yes, without prior malignancy history; No, with prior malignancy history); NOS, nothing otherwise
special; Q1, 25th percentile; Q3, 75th percentile; PTC, papillary thyroid cancer.

“Age”, “Age.cat”, “Sex”, “Race”, “Marital”, “AJCC.T”,
“AJCC.N”, “Tumor.size”, “Hist.type”, “Surgery.method”,
“Radiotherapy”, “Chemotherapy”, “Survival.months”,
“Outcome”, “Outcome?2”, and “Outcome3” (all P<0.05).

Identification of prognostic factors of OS and DSS in
patients with stage I DTC in Kaplan-Meier analyses

Kaplan-Meier analyses were utilized to evaluate prognostic
factors, including “Is.primary”, “Age.cat”, “Sex”,
“Race”, “Marital”, “Diagnosis”, “AJCC.T”, “AJCC.N”,

© Translational Cancer Research. All rights reserved.

“Tumor.size”, “Hist.type”, “Grade”, “Surgery.method”,
“Radiotherapy”, and “Chemotherapy” in enrolled patients.
OS and DSS were compared. The cumulative number of
events and the censoring number were also calculated. The
Kaplan-Meier curves for OS and DSS of the factors are
shown in Figure 1 and Figure 2. Several factors impacted
OS, including “Is.primary” (P<0.001, Figure 14), “Age.cat”
(P<0.001, Figure 1B), “Sex” (P<0.001, Figure 1C), “Marital”
(P<0.001, Figure 1E), “AJCC.'T” (P<0.001, Figure 1G),
“AJCC.N” (P<0.001, Figure 1H), “Tumor.size” (P<0.001,
Figure 11), “Surgery.method” (P<0.001, Figure 1L),
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Figure 1 Kaplan-Meier curves for OS of stage I DTC patients according to different variables. variables were: “Is.primary” (A), “Age.cat” (B),
“Sex” (C), “Race” (D), “Marital” (E), “Diagnosis” (F), “AJCC.T” (G), “AJCC.N” (H), “Tumor.size” (I), “Hist.type” (J), “Grade” (K), “Surgery.
method” (L), “Radiotherapy” (M), “Chemotherapy” (N). AJCC, American Joint Committee on Cancer; DTC, differentiated thyroid cancer;
Is.primary, prior malignancy history (Yes, without prior malignancy history; No, with prior malignancy history); NOS, nothing otherwise

special; OS, overall survival; PTC, papillary thyroid cancer.
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“Radiotherapy” (P<0.001, Figure 1M) and “Chemotherapy”
(P<0.001, Figure IN). Factors impacted DSS including
“Is.primary” (P<0.001, Figure 24), “Age.cat” (P<0.001,
Figure 2B), “Sex” (P<0.001, Figure 2C), “Marital” (P=0.006,
Figure 2E), “AJCC.'T” (P=0.007, Figure 2G), “AJCC.N”
(P=0.005, Figure 2H), “Tumor.size” (P=0.024, Figure 2I),
“Hist.type” (P=0.013, Figure 27), “Grade” (P<0.001,
Figure 2K), “Surgery.method” (P=0.001, Figure 2L) and
“Chemotherapy” (P<0.001, Figure 2N).

Identification of prognostic factors of OS and DSS in
patients with stage I DTC in the Cox regression analyses

The clinicopathological features mentioned in Figure 1
and Figure 2 were considered possible predictors. To
identify parameters influencing OS and DSS, univariate and
multivariate Cox proportional hazards regression analyses
were performed. Forest plots were used to display the
results, and the corresponding information is detailed in
Figure 3 (Figure 34: OS; Figure 3B: DSS). The variable “Is.
primary” was associated with the outcomes OS and DSS
in univariate and multivariate Cox proportional hazards
regression analyses. Multivariate regression analysis revealed
that, after controlling for the effect of the other factor, the
status of “Is.primary: No” was an independent factor for
poor OS [hazard ratio (HR) =3.6, 95% confidence interval
(CI): 3.17-4.088, P<0.001] and poor DSS (HR =4.521, 95%
CI: 2.224-9.192, P<0.001).

Identification of prognostic factors in patients with stage 1
DTC in the competing risk model

In the competing risk model, in both the univariate analysis
and the multivariate analysis, we found that the patients
in the “Is.primary: No” group had a higher risk of death
from DTC than the patients in the “Is.primary: Yes” group
[multivariate analysis: subdistribution HR (SHR) =4.32,
95% CI: 2.233-8.359, P<0.001, Figure 4]. Moreover, in
addition, we found that age 61 years and above, male sex,
being single or unmarried, receiving chemotherapy, tumor
size more than 2 cm, AJCC N1, and grade II-III were risk
factors for patient survival in the multivariate analysis of the
competing risk model (all P<0.05, Figure 4).

Conditional survival analysis in patients with stage I DTC

Conditional survival analysis was performed with the
patients divided into 2 groups by the variable “Is.primary”.

© Translational Cancer Research. All rights reserved.

1247

Conditional OS and DSS probabilities are shown in Figure 5.
For the patients “Is.primary: Yes” (without a prior malignancy
history), the probability of achieving 5-year survival increased
from 98% to 98%, 99%, 99% and 99% given that 1, 2,
3 and 4 years were already survived respectively. Subjects
who already survived 2 years had an additional 3-year
survival probability of 99%. It is higher than the initial and
unconditional 5-year survival estimate of 98%. However,
the improvement of conditional OS only appeared with
2 years that had already survived. The conditional OS did
not continue to improve with 3 and 4 years (Figure 5A). For
the patients “Is.primary: No”, the trends that conditional OS
was improved with prolonged survival time is more obvious
than that for the patients “Is.primary: Yes”. The probability
of achieving 5-year survival increased from 87% to 89%,
92%, 94% and 97% given that 1, 2, 3 and 4 years had
already been survived, respectively. The more years patients
had already survived, the better their chances of additional
years of OS (Figure 5B). The conditional DSS of the two
groups, “Is.primary: Yes” (Figure 5C) and “Is.primary: No”
(Figure 5D), did not change with prolonged survival time
because the initial and unconditional 5-year survival estimates
of the two groups were 100%.

Discussion

With the increasing incidence of tumors and development
of screening, more patients suffer from multiple cancers
(17-19). For the follow-up and prognosis of these patients
with multiple cancers, however, only limited observations
have been reported (20). Mortality from thyroid cancer
was only 0.5 deaths per 100,000 (21). For DTC, it has a
better prognosis, especially early-stage D'TC. Both patients
<55 years and >55 years have an estimated 10-year disease-
specific survival of 98% to 100% for stage I DTC (4,22).
Except for pathologic staging or clinical staging, factors
that influence DTC prognosis are age, sex (23), surgical
approach (24), tumor size and lesion number (25). Ito ez al.
found that a tumor size larger than 2 ¢cm had an independent
prognostic impact on recurrence and multivariate analysis
showed that tumor multiplicity was a moderate prognostic
factor (25). Subsequent studies in patients with low-risk
papillary thyroid microcarcinoma (PTMC) without surgery
showed that a younger age (<40 years) is an independent
predictor of disease progression, whereas older patients
(=60 years) with subclinical low-risk PTMC may be the best
candidates for observation rather than surgery (14).
Primary multiple tumor (PMT) is defined as an

Transi Cancer Res 2023;12(5):1241-1253 | https://dx.doi.org/10.21037/tcr-22-2232



1248

Dss
100
. Is.primary
Sors — Yes
3 —No
H
S0s0 P value <0.001
H
So025
0.00 !
o 12 2 36 8 60 72
Cumlative number of events
Yo 0 s o s 7 21 2
No ! 0 0 s W 7 1 1
[ 12 24 36 a8 60 72
Time, months
nNummsr of censoring
0 12 2 36 48 60 72
Time, months
D
1.00 {
_ Race
go7s — white
g — Others
H
5050 P value =0.926
So025 |
3
0,00 ¢
o 2 21 3 @ 60 72
Cumulative number of events
white |0 1 19 2 27 a E
oers | 0 2 s 6 7 s 3
[ 12 2 35 W 60 72
Time, months
lNumbev of censoring
0 2 2 36 3 72
Time, months
G Dss
1.00 |
AjcCT
z
Zo7s — T0-T2/Tx
3 —T3-T4
g
5050 P value =0.007
So2s
3
0.00 '
0 2 2 £ 8 60 72
Cumulative number of events
ToT2mx| 0 " 18 2 2 2 B
nf o 4 6 8 s 10 10
0 12 2 36 8 60 72
'Number of censoring Time, months
0 12 2 36 8 60 72
Time, months
J Dss
100
= Histtype
Sors — Others
2 — PTC_NOS
g
So0s50 P value =0.013
Zo2s
a
0.00 - - - 8 L
0 2 2 36 a8 60 2
Cumulative number of events
Ohes 0 4 6 s s o o
PTONOS | 0 n 18 2 % a0 31
0 12 2 4 60 2
INumber of censoring Time, months
o 12 2 36 8 60 2
Time, months
M s
1.00
. Radiotherapy
Zors — Nofunknown
g ~ Yes
g
5050 P value=0.717
E
So025-
3
0.00
0 2 2 36 8 60 72
Cumulative number of events
Noturknown 0 " 16 s s 2 2
s 0 4 s 14 W 7 1
0 2 2 36 48 60 72
Number of censoring Time, months
i
0 2 2 60 72

36 48
Time, months

os)

oss
. Age.cat
Zors =
£ — 41-60
F 61
g
g“ - P value <0.001
B
So025
000 +
0 12 2 36 I 60 72
Cumlative number of events
w0l o 4 7 s 10 2 2
se0 | o 1 2 s 6 3 9
wi{ 0 0 15 18 18 19 19
0 2 2 36 8 60 72
Time, months
lNumber of censoring
[ 2 24 36 8 60 72
Time, months
DS
1.00
Marital
Z — Married
3075 — Others.
H Single/unmarried
Soso P vaue 0,006
So2s
@
000 :
[ 2 2 36 8 60 72
Cumulative number of events
Maried 0 7 5 2 13 15 15
others | 0 2 7 o o 9 o
Snglotnmarried | 0 s o " 2 15 s
0 12 2 *® A'Bh 72
. montt
Number of censoring ime. months.
0 12 24 36 48 60 72
Time, months
Dss
100
AJCCN
075 — NOMx
—N1
.50 P value =0.005
25
000 -
0 2 21 £ @ 60 72
Cumlative number of events
N - 0 " w 2 2 2 7
N0 4 7 o 10 12 1
0 12 24 36 a8 60 72
Time, months
.Numbsv of censoring
]
2 24 36 E 60 7
Time, months
Dpss
100 Grade
Zors =]
3 =]
H Unknown
Sos0 P value <0.001
Zo2s
3
0.00
0 2 2 36 48 60 72
Cumlative number of events
o 2 3 4 s 7 7
i o 2 3 s 7 s s
Unkoown | 0 " 18 2 2 2 2
0 12 2 36 48 60 72
Time, months
Number of censoring
12 2 36 48 60 72
Time, months
os
1.0
= Chemotherapy
Z075 — No
3 ~ Yes
g
Soso P value<0.001
:
So2s
000! l
0 12 2 £ 8 60 2
Cumulative number of events
Mol o 1 2 2 El K El
e 0 1 2 4 . . .

0 12 24

imber of censoring

12 24

36 a
Time, months

36 a8
Time, months

I

Wang et al. Prior malignancy history in DTC

oss
1.00
Sex
— Fomale
% s
5050 P value <0.001
g
Soos
3
0.00 |
0 12 2 3% @ 3 72
Gumulative number of events
Fomale | 0 7 2 ® ke 19 2
waie |0 s 2 ® ks 2 2
0 12 2 36 B 60 72
Time, months
Number of censoring
i
) 12 2 36 4 60 72
Time, months
F oss
100
> Diagnosis
Zo7s “2ort-z012
2 — 20132015
s
a P value =0.088
H
o025
3
000
0 2 2 3 @ 0 72
Cumulative number of events
aor1-202 L 0 s 0 14 14 19 2
20132015 | 0 10 1 s 2 2 2
0 12 2 36 4 60 2
lJNumw of censoring Time, months
0 2 2 3 0 72
Time, months
I oss
1.00
Tumor size
z —1-2cm
gors ~ <iom
2 >2em
8os0 P value =0.024
K
So2s
3
000 ¢ . > . = =
0 2 % £ W £ 72
Gumulative number of events
12em o © 7 s a 0 "
sem | 0 s 0 14 1 15 15
2em | 0 s 7 o " 14 14
0 12 2 3 8 6 72
Time, months
Number of censoring
0 12 2 3 8 60 2
Time, months
L oss
1.00 o
> — Nore
o7 —Others
H Subtota thyroidectomy
g — Total tnyidectomy
2050 P value <0.001
Zo2s
3
0.00
0 2 3 a8 60 72
Cumulative number of events
one T 2 3 3 3 3
wrs 0 | 3 3 3 3
Subtotalthyroidectomy 0 2 2 2 2 2
1 thyroi o " 2 2 2 2
3 a5 0 72
Time, months
3 60 7

6 48
Time, months

Figure 2 Kaplan-Meier curves for DSS of stage I DTC patients according to different variables. variables were: “Is.primary” (A), “Age.
cat” (B), “Sex” (C), “Race” (D), “Marital” (E), “Diagnosis” (F), “AJCC.T” (G), “AJCC.N” (H), “Tumor.size” (I), “Hist.type” (J), “Grade”
(K), “Surgery.method” (L), “Radiotherapy” (M), “Chemotherapy” (IN). AJCC, American Joint Committee on Cancer; DSS, disease-specific
survival; DTC, differentiated thyroid cancer; Is.primary, prior malignancy history (Yes, without prior malignancy history; No, with prior

malignancy history); NOS, nothing otherwise special; PTC, papillary thyroid cancer.
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A Charateristics n (%) Unadj HR (95% CI) P value Adj HR (95% CI) P value

Age.cat (ref=<40 years)

41-60 years 19,954 (40.1) 3.025 (2.433-3.762) - <0.001 2.967 (2.326-3.785) - <0.001

>61 years 9,611 (19.3)  12.816 (10.448-15.72) ¢+ <0.001 8.927(6.939-11.483) § o <0.001
Sex (ref=female)

Male 9,605 (19.3) 2.152 (1.899-2.438) L4 <0.001 1.725 (1.516-1.963) HL S <0.001
Race (ref=White)

Others 9,600 (19.3) 0.984 (0.845-1.146) ol 0.837 1.094 (0.939-1.276) el 0.249
Marital (ref=married)

Others 8,480 (17.1) 2.104 (1.836-2.41) - <0.001 1.621 (1.41-1.865) e <0.001

Single/Unmarried 12,052 (24.2) 0.999 (0.853-1.169) L d 0.986 1.722 (1.463-2.027) P <0.001
Diagnosis (ref=2011-2012) H

2013-2015 25,871 (52.0) 1.134 (0.983-1.307) g 0.084 1.029 (0.892-1.187) B 0.692
Hist.type (ref=Others)

PTC_NOS 29,475 (59.3) 0.939 (0.833-1.058) » 0.301 0.963 (0.851-1.09) L3 0.551
Surgery method (ref=None)

Others 8,105 (16.3) 0.224 (0.177-0.284) o <0.001 0.236 (0.183-0.306) - <0.001

Subtotal thyroidectomy 1,096 (2.2) 0.188 (0.124-0.284) »r—o— <0.001 0.228 (0.149-0.349) r—o— <0.001

Total thyroidectomy 39,611 (79.7) 0.142 (0.115-0.176) ro« <0.001 0.222 (0.176-0.28) - <0.001
Radiotherapy (ref=No/Unknown)

Yes 18,498 (37.2) 0.356 (0.306-0.414) R <0.001 0.558(0.471-0.659) <0.001
Chemotherapy (ref=No)

Yes 78(0.2) 4.165 (1.981-8.758) ——  <0.001 2.666 (1.258-5.651) —— 0.01
Tumor.size (ref=1-2 cm)

Size <1 cm 24,369 (49.0) 1.145 (1.006-1.304) g 0.04 0.904 (0.787-1.039) Re 0.155

Size >2 cm 10,206 (20.5)  0.384 (0.304-0.484) o <0.001 0.791 (0.611-1.023) o 0.074
AJCC.T (ref=T0-T2/Tx)

T3-T4 5,694 (11.5) 0.328 (0.242-0.445) —— <0.001 1.128 (0.782-1.627) —— 0.519
AJCC.N (ref=NO/Nx)

N1 7,959 (16.0) 0.345 (0.269-0.442) - <0.001 1.541 (1.128-2.104) —— 0.007
Grade (ref=I) H

IS1]] 1,804 (3.6) 1.252 (0.911-1.721) o 0.165 1.42 (1.032-1.954) o 0.031

Unknown 37,068 (74.5) 1.134 (0.977-1.316) 0 0.097 0.997 (0.858-1.16) 4 0.971
Is.primary (ref=Yes) H

No 4982 (10.0) 7.086 (6.288-7.984) > <0.001 3.6 (3.17-4.088) H R <0.001

| — | e e e
0.120.250.501.0 2.0 4.0 8.0 16.0 0.250.501.0 2.0 4.0 8.0

Charateristics n (%) Unadj HR (95% Cl) P value Adj HR (95% CI) P value
Age.cat (ref=<40 years)

41-60 years 19,954 (40.1) 0.738 (0.311-1.751) —— 0.491 2.687 (0.983-7.342) —— 0.054

=61 years 9,611 (19.3) 3.455 (1.689-7.067) —— <0.001 15.904 (4.695-53.874) i —e— <0.001
Sex (ref=female) H

Male 9,605(19.3) 4.401 (2.385-8.118) —— <0.001 3.062 (1.62-5.789) Do <0.001
Race (ref=White) i

Others 9,600 (19.3) 1.037 (0.479-2.245) —— 0.926 1.136 (0.518-2.491) —— 0.751
Marital (ref=married) i

Others 8,480 (17.1) 1.947 (0.86-4.406) —— 0.11 2.167 (0.925-5.072) —— 0.075

Single/Unmarried 12,052 (24.2) 2.5(1.25-5) —— 0.01 3.804 (1.754-8.25) P <0.001
Diagnosis (ref=2011-2012) H

2013-2015 25,871 (52.0) 1.819 (0.906-3.652) —— 0.092 1.905 (0.937-3.873) —— 0.075
Hist.type (ref=Others) i i

PTC_NOS 29,475 (59.3) 2.467 (1.178-5.168) o 0.017 1.889 (0.876-4.073) —— 0.105
Surgery method (ref=None) i

Others 8,105 (16.3) 0.096 (0.019-0.476) —+—— 0.004 0.184 (0.034-0.99) ——— 0.049

Subtotal thyroidectomy 1,096 (2.2) 0.449 (0.075-2.692) —_—— 0.381 0.685 (0.108-4.355) —_— 0.689

Total thyroidectomy 39,611 (79.7) 0.216 (0.066-0.706) —— 0.011 0.386 (0.106-1.407) ——i 0.149
Radiotherapy (ref=No/Unknown) i

Yes 18,498 (37.2) 1.122 (0.602-2.089) —_— 0.717 0.871 (0.408-1.858) —— 0.721
Chemotherapy (ref=No) i i

Yes 78(0.2) 70.455 (25.11-197.687) —e—<0.001 27.652 (8.741-87.475) : —— <0.001
Tumor.size (ref=1-2 cm) i

Size <1 cm 24,369 (49.0) 0.896 (0.416-1.931) o 0.78 1.159 (0.51-2.635) —— 0.725

Size >2 cm 10,206 (20.5) 1.928 (0.875-4.246) B 0.103 2.392 (0.896-6.386) e 0.082
AJCC.T (ref=T0-T2/Tx) i

T3-T4 5,694 (11.5) 2.574 (1.262-5.25) Pt 0.009 1.919 (0.684-5.386) e 0.216
AJCC.N (ref=NO/Nx)

N1 7,959 (16) 2.489 (1.289-4.806) —— 0.007 4.192 (1.392-12.625) ] 0.011
Grade (ref=l) i

1] 1,804 (3.6) 6.865 (2.489-18.932) e <0.001 5.454 (1.928-15.43) Do 0.001

Unknown 37,068 (74.5) 1.106 (0.48-2.547) R 0.814 0.977 (0.419-2.28) —— 0.957
Is.primary (ref=Yes) H

No 4,982 (10.0) 7.216 (3.894-13.373) e <0.001 4.521 (2.224-9.192) e <0.001

0.031  0.250 1.00 4.00 16.00 64.00 0.031 0.125 0.500 2.00 8.00 32.00

Figure 3 Univariate and multivariate analysis of Cox proportional hazards regression of stage I DTC patients. (A) OS. (B) DSS. AJCC,
American Joint Committee on Cancer; CI, confidence interval; DSS, disease-specific survival; DTC, differentiated thyroid cancer; Hist.type,
histological type; HR, hazard ratio; Is.primary, prior malignancy history (Yes, without prior malignancy history; No, with prior malignancy
history); NOS, nothing otherwise special; OS, overall survival; PTC, papillary thyroid cancer.
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Charateristics n (%) Unadj SHR (95% CI) P value Adj SHR (95% CI) P value
Age.cat (ref=<40 years)

41-60 years 19,954 (40.1) 0.735 (0.31-1.74) e 0.48 2.689 (0.907-7.975) ——i 0.075

>61 years 9,611 (19.3) 3.357 (1.639-6.876) L 0.001 15.415 (4.935-48.149) H <0.001
Sex (ref=female) i

Male 9,605 (19.3) 4.354 (2.361-8.03) —— <0.001 3.01 (1.558-5.818) e 0.001
Race (ref=White) H

Others 9,600 (19.3) 1.037 (0.479-2.244) —b= 0.93 1.147 (0.51-2.579) —— 0.74
Marital (ref=married)

Others 8,480 (17.1) 1.927 (0.852-4.359) i 0.12 2.115(0.891-5.019) e 0.089

Single/Unmarried 12,052 (24.2) 2.5 (1.249-5.004) —e— 0.01 3.753 (1.781-7.906) §—e— <0.001
Diagnosis (ref=2011-2012) H

2013-2015 25,871 (52.0) 1.789 (0.858-3.73) o 0.12 1.79 (0.848-3.775) e 0.13
Hist.type (ref=Others) i

PTC_NOS 29,475 (59.3) 2.468 (1.178-5.172) ——t 0.017 1.901 (0.884-4.088) —t—i 0.1
Surgery method (ref=None) i

Others 8,105 (16.3) 0.102 (0.021-0.506) ———— 0.005 0.219 (0.036-1.334) ——— 0.1

Subtotal thyroidectomy 1,096 (2.2) 0.479 (0.08-2.887) ——— 0.42 0.846 (0.111-6.436) ———— 0.87

Total thyroidectomy 39,611 (79.7) 0.231 (0.071-0.752) 0.015 0.468 (0.106-2.065) —— 0.32
Radiotherapy (ref=No/Unknown) ;

Yes 18,498 (37.2) 1.134 (0.607-2.117) —— 0.69 0.887 (0.381-2.063) —e— 0.78
Chemotherapy (ref=No)

Yes 78(0.2) 69.401 (24.69-195.084) —+— <0.001 28.263 (7.699-103.745) H <0.001
Tumor.size (ref=1-2 cm) :

Size <1 cm 24,369 (49.0) 0.895 (0.415-1.928) —e— 0.78 1.162 (0.46-2.937) —— 0.75

Size >2 cm 10,206 (20.5) 1.941 (0.881-4.279) —— 0.1 2.431(1.015-5.82) —— 0.046
AJCC.T (ref=T0-T2/Tx)

T3-T4 5,694 (11.5) 2.594 (1.272-5.289) —e— 0.009 1.912 (0.692-5.283) ———i 0.21
AJCC.N (ref=N0/Nx)

N1 7,959 (16.0) 2.508 (1.299-4.845) —— 0.006 4.093 (1.04-16.1) —— 0.044
Grade (ref=I)

1111 1,804 (3.6) 6.858 (2.486-18.921) —— <0.001 5.446 (1.879-15.783) e 0.002

Unknown 37,068 (74.5) 1.104 (0.479-2.543) —— 0.82 0.972 (0.415-2.278) —— 0.95
Is.primary (ref=Yes) i

No 4,982 (10.0) 6.919 (3.732-12.828) o <0.001 4.32 (2.233-8.359) Poe— <0.001

0.031

0.250 1.00 4.00 16.00 64.00

0.0310.1250.500 2.00 8.00 32.00

Figure 4 Univariate and multivariate analysis of the competing risk model for stage I DTC patients. AJCC, American Joint Committee on

Cancer; CI, confidence interval; DTC, differentiated thyroid cancer; Hist.type, histological type; Is.primary, prior malignancy history (Yes,

without prior malignancy history; No, with prior malignancy history); NOS, nothing otherwise special; PTC, papillary thyroid cancer; SHR,

subdistribution hazard ratio.

independent appearance and development of two or more
tumors that arise simultaneously or at regular intervals in
one patient (26). Patients with prior malignancy history
have a 10% higher risk of developing a second tumor with
respect to the general population (17,18). The estimated
10-year cumulative risk of second primary cancers for
patients who were first diagnosed with cancer within age 60
to 69 was as high as 13% (19).

The incidence of PMT and predilection sites have
been reported to vary in different studies. A study from
China showed that PMT were observed more frequently
in patients with head and neck tumors (5.65%) and urinary
tumors (4.19%). Females were slightly more likely to suffer
from PMT than males, with a ratio of 1.2 (27). Another
study based on Chinese showed that the most common
primary cancers were of digestive, breast, and lung origins
for metachronous PMT, while the secondary ones were of
digestive, lung, and urinary origins (28). Wang et 4. showed
that in female patients with a prior lung cancer history,
thyroid cancer was the second most common concomitant
tumor (20). In metachronous carcinoma PMT, breast
cancer and gastric cancer are the most common primary

© Translational Cancer Research. All rights reserved.

neoplasms, while lung cancer and esophageal cancer are the
most common secondary neoplasms (29).

In our study, we used population-based SEER data to
build the competing risk model. In this model, we found
that age 61 years and above, male sex, being single or
unmarried, receiving chemotherapy, tumor size more
than 2 cm, and grade II-1II were risk factors for patient
survival. These conclusions are consistent with existing
reports. Importantly, we found that patients with a prior
malignancy history had a higher risk of death from DTC
than those without prior malignancy history. Synchronous
PMT has previously been reported to be an independent
factor for the inferior prognosis of lung cancer patients (20).
However, to date, no evidence for the prognostic value of a
prior malignancy history in stage I D'TC has been reported
in the literature.

In our study, we also focused on the dynamic changes
in the prognosis of DTC. Conditional survival analysis
was used for the dynamic evaluation of prognosis. For
DTC patients, the risk of recurrence and disease-specific
mortality change with longer follow-up, but no available
and effective methods have been established to estimate

Transl Cancer Res 2023;12(5):1241-1253 | https://dx.doi.org/10.21037/ter-22-2232
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Figure 5 Conditional overall survival and disease-specific survival at 0, 1, 2, 3, 4, and 5 years for stage I DTC patients. (A) “Is.primary”:
Yes, OS; (B) “Is.primary”: No, OS; (C) “Is.primary ”: Yes, DSS; (D) “Is.primary ”: No, DSS. DSS, disease-specific survival; Is.primary, prior
malignancy history (Yes, without prior malignancy history; No, with prior malignancy history); OS, overall survival.
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the risk continually modified during follow-up (5). In
our study, we found that for the stage I DTC patients,
because of low DT C-related death (3,4), the conditional
DSS was not improved for either the patients with a prior
malignancy history or those without. Both patients with or
without prior malignancies has improved conditional OS.
The patients without prior malignancy history only had an
improvement at the 2-year given conditional OS. For the
patients with a prior malignancy history, the conditional OS
improvement was more pronounced.

However, our research has some limitations. First, the
staging system that we used was the 7th edition of the AJCC
staging system. Additionally, our study is a retrospective
study, and due to the limitations of the SEER database,
some prognostic factors were not included in our study.
Suppression of thyroid-stimulating hormone (TSH) is one
of the mainstays of D'T'C treatment (3). As we cannot obtain
information about the suppression of TSH from SEER,
the relationship between the prior malignancy history and
prognosis cannot be fully elucidated by SEER analyses.

Conclusions

In summary, our study showed that a prior malignancy history
was linked to an adverse survival of stage I DTC patients,
and for patients with prior malignancy history, the longer the
follow-up, the better the OS was. Conditional survival can
directly represent dynamic changes in prognosis of individuals
who have survived a certain period after being diagnosed with
stage I DTC, and thus it is useful for the development of
thyroid cancer long-term follow-up strategies.
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