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Background: Differentiated thyroid carcinoma (DTC) is the most common clinical type of thyroid 
carcinoma. There are rare reports on the synergic effects of the different clinicopathological risk factors on 
the prognosis of it.
Methods: We retrospectively reviewed data on 86,032 DTC patients from the Surveillance, Epidemiology, 
and End Results (SEER) database. Univariate and multivariate Cox regression analyses were conducted 
to evaluate the correlation between clinicopathological factors and the prognosis of DTC. Relative excess 
risk (RERI) of synergic effect, attributable proportion (AP) of synergic effect, and synergy index (SI) were 
calculated to assess synergic effects. Kaplan-Meier analyses with log-rank tests was used to plot the survival 
curve affected by different risk factors.
Results: Histology subtype, lymph node metastasis (LNM) status, and distant metastasis (DM) were 
independent risk factors for cancer-specific survival (CSS) and all-cause survival (ACS) in the multivariate 
analysis (all, P<0.001). Patients’ age at diagnosis, sex, extrathyroidal extension, and radiation also influenced 
prognosis (all, P<0.001). The cancer-specific mortality (CSM) and all-cause mortality (ACM) rates per 1,000 
person-years were higher in patients with follicular thyroid carcinoma (FTC) and in those with N1 stage and 
M1 stage disease. Furthermore, we observed a significant synergic effect between histology subtype and N 
stage, as well as histology subtype and M stage for the CSM of DTC (RERI =48.806, AP =0.853, SI =7.565; 
RERI =37.889, AP =0.430, SI =1.771, respectively). However, no synergic effect was observed in the case of 
the N stage and M stage for the CSM of DTC (RERI =7.928, AP =0.084, SI =1.093).
Conclusions: Patients with histology subtype of FTC and N1 stage, histology subtype of FTC and M1 
stage had significant additive synergic effects on DTC prognosis for CSM.
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Introduction

Thyroid carcinoma is among the most commonly occurring 
malignancies, which can have a 5-year survival of over 
95%, depending on the stage at diagnosis and treatment 
plan (1). The incidence of thyroid carcinoma has increased 
significantly worldwide (2-4), owing to early diagnosis. 
The mortality is stable at 0.5 per 100,000 persons per year 
(5,6). The Surveillance, Epidemiology, and End Results 
(SEER) reported that the mortality associated with the 
disease increased by an average 0.7% each year during 
2006–2015. The most commonly occurring type of thyroid 
carcinoma, accounting for more than 90% of such cases, 
is differentiated thyroid carcinoma (DTC) (7). DTC 
originates in the thyroid follicular epithelial cells, and 
mainly includes two subtypes: papillary thyroid carcinoma 
(PTC) and follicular thyroid carcinoma (FTC).

At present, the main clinical treatment for DTC is 
surgery. The prognosis in most DTC patients is good, 
but about 30% of these patients experience relapse 
and metastasis, which could worsen the prognosis (8). 
Therefore, there is a need to improve the surgical prognosis 
for this disease. Different scoring systems have been used 
to determine the prognostic stratification in the assessment 
of cancer-specific mortality (CSM) risk (9-11). The age, 
grade, extent, and size (AGES) scoring system includes the 
age at diagnosis, histologic grade, extrathyroidal extension, 
distant metastasis (DM), and tumor size (10); the DM, 
patient age, completeness of resection, local invasion, and 
tumor size (MACIS) score includes DM, age, completeness 
of surgical resection, invasion, and tumor size (11); and 
the age, metastasis, extent, and size (AMES) scoring 
system includes age, DM, extent, and tumor size (9). The 
tumor, node, metastasis (TNM) staging system is one of 
few scoring systems to include lymph node metastasis 
(LNM) and DM. The modifications proposed in 2015 ATA 
Guidelines include different histologic subtypes, LNM and 
DM (12). However, no scoring system to date has included 
histology subtype, LNM, DM and the synergic effects 
among the three factors (13). Based on the presence of 
some risk factors affecting DTC prognosis, patients can be 
categorized in different risk groups to predict the chance 
for tumor recurrence or mortality. Such classification can 
help in creating more precise diagnostic and treatment 
approaches, and help in defining the prognosis for DTC in 
any patient.

The purpose of the present study was to determine 
the significant clinicopathological risk factors associated 

with DTC prognosis, through the collection of relevant 
clinical data and exploration of the interaction of relevant 
independent risk factors on survival outcomes and to 
evaluate whether histology subtype, LNM, and DM 
affect DTC prognosis and whether there were synergic 
effects of these factors on the prognosis of DTC. We 
present the following article/case in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-273).

Methods

Data collection

We conducted a retrospective cohort study using data from 
the SEER database, a database containing demographic, 
clinicopathological, and treatment-related characteristics 
of cancer patients. The study did not require an ethical 
review and no informed consent was required because of 
the publicly available data of this study. Our search included 
patients with thyroid carcinoma originating from thyroid 
follicular epithelial cells, from January 2004 to December 
2013 were included. All included patients were followed-
up until December 2013. 13134 Cases with missing or 
incomplete survival data were excluded, resulting in a total 
of 86,032 DTC patients who were eligible for the analysis 
(Figure 1). The following information were extracted: 
demographic variables including age at diagnosis (<55 
or ≥55 years), race (white, black, other), and sex (male or 
female); cancer-related clinicopathological characteristics 
including T stage (≤4 or >4 cm), N stage (N0 or N1 
stage), DM (M0 or M1 stage), multifocality, histology type 
(PTC or FTC), and extrathyroid extension; and treatment 
characteristics including radiotherapy (none or refused, 
radiation beam or radioactive implants, radioisotopes or 
radiation beam plus isotopes or implants) and surgery (none, 
lobectomy, subtotal or nearly total thyroidectomy, total 
thyroidectomy).

Statistical analysis

The two main outcomes we used to represent prognosis 
in our study were CSM or cancer-specific survival (CSS) 
and all-cause mortality (ACM) or overall survival (OS). 
Cases without data on survival duration or with incomplete 
follow-up duration data were eliminated from our study.

Quantitative variables were presented as mean ± 
standard deviation, while categorical variables were 
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presented as percentages. Univariate and multivariate 
Cox regression analyses were employed to determine any 
association between CSS and all-cause survival (ACS) 
and the following variables based on the calculated 
hazard ratios (HRs) and their 95% confidence intervals 
(CIs). These variables were age, year, sex, race, TNM 
stage, multifocality, tumor type, extrathyroidal extension, 
radiation, and surgery. Kaplan-Meier analyses with log-
rank tests were used to determine the association between 
the variables and the prognosis of DTC after adjustment 
for confounding factors.

Meanwhile, we calculated the relative excess risk 
(RERI) of synergic effect, attributable proportion (AP), 
and synergy index (SI) using R statistical software to 
evaluate the synergic effect of histology subtype, LNM 
and DM on prognosis in DTC. RERI was used to describe 
the magnitude of the risk due to interaction. The great 
the absolute value of RERI, the stronger the interaction 
between factors. If the CI of RERI included 0, there was 

no interaction between the two factors. AP represented the 
proportion of disease risk attributable to the interaction 
of two factors in the presence of both. The greater the 
absolute value of the AP, the stronger the interaction 
between the factors. If the CI of AP included 0, there was 
no interaction between the two factors. When the CI of 
SI included 1, it meaned there was no additive interaction 
between two factors. If SI >1, it meaned there was a positive 
interaction between two factors, otherwise, there was a 
negative additive interaction. All P values were two-sided, 
with P<0.05 denoting statistical significance. We used SPSS 
version 22.0 (IBM Corp., Armonk, NY, USA), R statistical 
software (R Core Development Team, Vienna, Austria), 
StataSE 15 software (StataCorp LLC, College Station, TX, 
USA) and GraphPad Prism version 6 (GraphPad Software 
Inc., La Jolla, CA, USA) for the statistical analyses.

Results

General characteristics of the study population

A total of 86,032 DTC patients were eligible for the study. 
Overall, the mean age at diagnosis was 49.14 years. Patients 
under 55 years of age accounted for 63.7%. Between year of 
2004 and 2013, there were more patients in the last 5 years 
[50,643] than that in the previous 5 years [35,389]. Among 
all the patients, Women and whites are the most common. 
There were more than half of the patients with T1 stage. 
Twenty-one point seven percent of patients occurred LNM 
and the overall DM rate was not high (1.0%). Patients with 
multifocality account for 40.4%. Eighty-one thousand two 
hundred and twenty-two (94.4%) patients were diagnosed 
with PTC and 4,810 (5.6%) with FTC; 18,628 (21.7%) 
patients had LNM, and 874 (1.0%) had DM. A significantly 
larger proportion of patients had PTC than FTC. More 
than half of the patients (50.9%) underwent radiation 
therapy. The vast majority of patients underwent total 
thyroidectomy (82.0%). The mean of survival months of 
patients was 49.39 months. The number of CSM was 675 
and ACM was 3,387 (Table 1).

Risk factors associated with CSM and ACM in DTC

Univariate analyses showed that N stage, DM and histology 
subtype were significantly associated with CSM, as were age 
at diagnosis, sex, T stage, extrathyroid extension, radiation, 
and surgery (Table 2) (P<0.05 for all). Multivariate Cox 
regression analyses showed that histology subtype (HR 

Figure 1 Flow chart of data selection.

Patients diagnosed with thyroid cancer between 2004 and 
2013 (n=107,114)

Exclude patients diagnosed with non-DTC (n=99,166)

Exclude patients with surgery unknown (n=90,879)

Exclude patients with N stage unknown (n=93,615)

Exclude patients with tumor size unknown (n=86,988)

Exclude patients with multifocality unknown (n=86,032)

Exclude patients with T stage unknown (n=94,973)

Exclude patients with radiotherapy unknown (n=88,928)

Exclude patients with M stage unknown (n=92,969)

Exclude patients with extension unknown (n=86,978)

Exclude patients with survival months unknown (n=86,032)
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Table 1 Demographic and clinicopathological characteristics of 
86,032 patients with DTC

Characteristics Number (%)

Age at diagnosis (year)

Mean [range] 49.14 [2–105]

<55 years 54,785 (63.7)

≥55 years 31,247 (36.3)

Year of diagnosis

2004–2008 35,389 (41.1)

2009–2013 50,643 (58.9)

Sex

Female 66,537 (77.3)

Male 19,495 (22.7)

Race

White 70,568 (82.0)

Black 5,399 (6.3)

Other 9,086 (10.6)

T stage

T1 52,049 (60.5)

T2 14,705 (17.1)

T3 16,394 (19.1)

T4 2,884 (3.4)

LNM 18,628 (21.7)

DM 874 (1.0)

Multifocality 34,734 (40.4)

Histology subtype

PTC 81,222 (94.4)

FTC 4,810 (5.6)

Extrathyroidal extension 13,673 (15.9)

Radiation therapy

None or refused 42,209 (49.1)

Radiation beam or Radioactive implants 1,493 (1.7)

Radioisotopes or Radiation beam plus 
isotopes or implants

42,330 (49.2)

Surgery

Lobectomy 12,289 (14.3)

Subtotal or near-total thyroidectomy 3,187 (3.7)

Total thyroidectomy 70,556 (82.0)

Table 1 (Continued)

Table 1 (Continued)

Characteristics Number (%)

Survival months

Mean [range] 49.39 [0–119]

CSM 675 (0.78)

ACM 3,387 (3.94)

DTC, differentiated thyroid cancer; LNM, lymph node metastasis; 
DM, distant metastasis; PTC, papillary thyroid cancer; FTC, 
follicular thyroid cancer; CSM, cancer-specific mortality; ACM, 
all-cause mortality.

=1.811; 95% CI: 1.423–2.305, P<0.001), LNM (HR =1.91; 
95% CI: 1.591–2.293, P<0.001) and DM (HR =6.403; 
95% CI: 5.320–7.707, P<0.001) were independent risk 
factors associated with CSM after adjustment for other 
confounders (Table 2).

Similarly, for ACM, univariate and multivariate Cox 
regression analysis indicated that FTC type, positive LNM 
and DM (all P<0.001) were independent risk factors after 
adjustment for other confounders (Table S1).

CSM and ACM rates per 1,000 person-years

During the follow-up period, the CSM rates per 1,000 
person-years for patients with FTC were 4.247, higher than 
that with PTC, which was 1.704 (Table 3). Moreover, the 
rates with N1 stage were 5.059, higher than that with N0 
stage which was1.027; while the rates for patients with M1 
stage were 66.552, higher than that with M0 stage, which 
was 1.318 (Table 3).

During the follow-up period, the ACM rates per 1,000 
person-years for patients with FTC were 14.656, higher 
than that with PTC, which was 9.057, for patients N1 
stage were 12.888, higher than that with N0 stage, which 
was 8.494; rates for patients M1 stage were 99.316, higher 
than that with M0 stage, which was 8.648 (Table 3). Among 
the three different variables of histology subtype, N stage 
and M stage, we pairwise combined different subgroups of 
any two different variables to analyze the CSM and ACM 
rates per 1,000 person-years for patients, the results were 
consistent (Table 3).

Synergic effects of histology subtype, LNM, and DM on 
DTC-related prognosis

To investigate the interaction of histology subtype, N 
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Table 2 Clinicopathological parameters associated with the CSM

Parameters
Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Age of diagnosis

<55 Ref Ref

≥55 8.468 6.964–10.297 <0.001* 1.066 1.060–1.072 <0.001*

Year at diagnosis

2004–2008 Ref Ref

2009–2013 0.790 0.664–0.941 0.008* 0.858 0.721–1.021 0.084

Sex

Female Ref Ref

Male 2.995 2.575–3.484 <0.001* 1.410 1.205–1.649 <0.001*

Race

White Ref Ref

Black 0.806 0.567–1.145 0.228 1.024 0.716–1.465 0.895

Other 1.381 1.110–1.719 0.004* 0.956 0.766–1.192 0.688

T stage

T1 Ref Ref

T2 2.666 1.890–3.759 <0.001* 2.423 1.707–3.440 <0.001*

T3 8.638 6.615–11.280 <0.001* 4.474 3.138–6.379 <0.001*

T4 83.701 65.110–107.599 <0.001* 17.005 11.403–25.361 <0.001*

N stage

N0 Ref Ref

N1 4.779 4.105–5.563 <0.001* 1.910 1.591–2.293 <0.001*

M stage

M0 Ref Ref

M1 48.518 41.115–57.253 <0.001* 6.403 5.320–7.707 <0.001*

Multifocality

Yes Ref Ref

No 1.044 0.896–1.217 0.582 0.793 0.677–0.929 0.004*

Histology types

Papillary Ref Ref

Follicular 2.620 2.111–3.252 <0.001* 1.811 1.423–2.305 <0.001*

Extrathyroidal extension

No Ref Ref

Yes 13.363 11.308–15.791 <0.001* 1.388 1.024–1.883 0.035*

Table 2 (Continued)
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Table 2 (Continued)

Parameters
Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Radiation

None or refused Ref Ref

Radiation beam or radioactive 
implants

19.730 15.905–24.473 <0.001* 2.953 2.337–3.732 <0.001*

Radioisotopes or radiation 
beam plus isotopes or 
implants

1.592 1.334–1.899 <0.001* 0.785 0.651–0.948 0.012*

Surgery

Lobectomy Ref Ref

Subtotal or near total 
thyroidectomy

2.086 1.393–3.124 <0.001* 1.319 0.875–1.988 0.186

Total thyroidectomy 1.675 1.289–2.177 <0.001* 1.105 0.840–1.454 0.476

*, P<0.05. CSM, cancer-specific mortality; HR, hazard ratio; CI, confidence interval.

status and DM on DTC prognosis in-depth, patients were 
grouped into three categories, namely histology subtype 
and N stage, histology subtype and M stage, N stage and 
M stage. Each category was then further divided into four 
subgroups.

In terms of histology subtype and N stage combinations, 
the probability of CSM was the greatest in those with FTC 
and N1 stage (HR =3.800; 95% CI: 2.476–5.831, P<0.001), 
compared to cases with the other three combinations, after 
adjustment for confounders (Table 4). We also found that 
the probability of CSM in DTC was greater in patients 
with PTC and N1 stage disease (HR =1.872; 95% CI: 
1.549–2.261, P<0.001) or FTC only (HR =1.854; 95% CI: 
1.396–2.463, P<0.001) compared to cases with PTC and 
N0 stage, after adjustment for confounders (Table 4). Based 
on the results of the abovementioned statistical analysis, the 
RERI was 48.806. The AP was 0.853. Additionally, the SI 
was 7.565 (Table 4). Hence, we concluded that a synergic 
effect between FTC and N1 stage on CSM exists. Similar 
results were recorded for ACM (Table S2).

In terms of histology subtype and M stage combinations, 
the probability of CSM was the greatest in patients 
with FTC and M1 stage disease (HR =14.163; 95% CI: 
10.418–19.254, P<0.001) compared to those with other 
combinations, after adjustment for other confounders. 
The probability of CSM was greater in patients with PTC 
and M1 or FTC alone compared to those with PTC and 

M0 stage after adjustment for confounders. Based on the 
abovementioned results, the RERI was 37.889. The AP was 
0.430. Moreover, the SI was 1.771. The aforementioned 
results indicated that a significant synergic effect between 
histology subtype of FTC and M1 stage on CSM exists 
(Table 4). However, in terms of ACS, there was no synergic 
effect between histology subtype and M stage on ACM  
(Table S2).

Similarly, we calculated and compared the RERI, AP 
and SI values between cases with different N stages and M 
stages to determine CSM (Table 4) and ACM (Table S2). 
The 95% CIs for RERI and AP contained ‘0’ and that for 
SI contained ‘1’, either for CSM or ACM. Therefore, we 
concluded that there was no interaction between N stage 
and M stage.

Kaplan-Meier analysis of survival in DTCs

Based on the Kaplan-Meier analysis of the four-histology 
subtype and N status groups, the CSS and ACS rates were 
relatively flat when comparing patients with PTC and N0 
stage disease and those with FTC and N0 stage disease (both 
P<0.001, Figure 2A). In patients with PTC and N1 stage 
disease, a modest decline in the CSS curve was observed, 
while in those with FTC and N1 stage disease, a sharp 
decline was noted in the CSS curve. Similar results were 
obtained in those with PTC and N0 stage and FTC and 
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Table 3 CSM (per 1,000 person-years) and ACM (per 1,000 person-years) of relevant factors and combined factors for DTC

Parameters

CSM ACM

No. %
1,000  

person-years
95% CI No. %

1,000  
person-years

95% CI

Histology subtype

PTC 579 0.7 1.704 1.569–1.850 3,064 3.8 9.057 8.739–9.386

FTC 96 2.0 4.247 3.459–5.216 323 6.7 14.656 13.121–16.370

N stage

N0 299 0.4 1.027 0.915–1.152 2,436 3.6 8.494 8.160–8.842

N1 376 2.0 5.059 4.569–5.603 951 5.1 12.888 12.090–13.739

M stage

M0 475 0.6 1.318 1.203–1.444 3,091 3.6 8.648 8.346–8.961

M1 200 22.9 66.552 57.837–76.581 296 33.9 99.316 88.537–111.409

Histology subtype and N stage

PTC and N0 229 0.4 0.850 0.745–0.970 2,151 3.4 8.101 7.762–8.455

PTC and N1 350 1.9 4.763 4.286–5.293 913 4.9 12.481 11.693–13.321

FTC and N0 70 1.5 3.202 2.520–4.069 285 6.1 13.287 11.814–14.945

FTC and N1 26 17.3 47.756 32.010–71.250 38 25.3 71.635 51.672–99.309

Histology subtype and M stage

PTC and M0 429 0.5 1.271 1.155–1.398 2,830 3.5 8.424 8.116–8.743

PTC and M1 150 20.9 59.953 51.004–70.472 234 32.6 94.212 82.813–107.179

FTC and M0 46 1.0 2.053 1.522–2.768 261 5.6 12.126 10.723–13.713

FTC and M1 50 32.1 100.395 75.658–133.221 62 39.7 125.494 97.439–161.627

M stage and N stage

M0 and N0 222 0.3 0.759 0.663–0.868 2,326 3.5 8.141 7.814–8.483

M0 and N1 253 1.4 3.510 3.100–3.973 765 4.2 10.641 9.910–11.426

M1 and N0 77 21.6 61.958 49.483–77.578 110 30.8 88.861 73.651–107.211

M1 and N1 123 23.8 69.861 58.372–83.611 186 36.0 106.846 92.398–123.553

CSM, cancer-specific mortality; ACM, all-cause mortality; DTC, differentiated thyroid cancer; CI, confidence interval; PTC, papillary thyroid 
cancer; FTC, follicular thyroid cancer.

N1 stage combinations in the analysis for ACS (Figure 2B). 
However, the ACS curve for cases with FTC and N0 stage 
combination declined more rapidly than that in cases with 
PTC and N1 stage combination.

In addition, according to the Kaplan-Meier analysis of 
the four groups divided by histology subtype and M status, 
the CSS and ACS curves for DTC patients with PTC and 
M0 stage, FTC and M0 stage, and PTC and M1 showed 

sharp declines; however, the CSS and ACS curves in those 
with FTC and M1 stage combination declined more rapidly 
(Figure 3A,B). Similar results were observed in the Kaplan-
Meier analysis for the four groups divided by N status and 
M status. Both the CSS and ACS curves showed faster 
declines in those with DM than in those without DM, 
regardless of the presence or absence of LNM (P<0.001 for 
all, Figure 4A,B).



914 Zhou et al. Synergic effects of risk factors in the prognosis of DTC

© Gland Surgery. All rights reserved.   Gland Surg 2020;9(4):907-918 | http://dx.doi.org/10.21037/gs-20-273

Table 4 Measures for estimation of synergic effect between different risk factors for the CSM of DTC

Parameters
Death events 

(%)
Total case 

(n)
HR (95% CI) P value RERI (95% CI) AP (95% CI) SI (95% CI)

Histology subtype and N stage

PTC and N0 229 (0.4) 62,744 Ref 48.806  
(23.799–73.813)

0.853  
(0.787–0.918)

7.565  
(4.788–11.954)

PTC and N1 350 (1.9) 18,478 1.872 (1.549–2.261) <0.001*

FTC and N0 70 (1.5) 4,660 1.854 (1.396–2.463) <0.001*

FTC and N1 26 (17.3) 150 3.800 (2.476–5.831) <0.001*

Histology subtype and M stage

PTC and M0 429 (0.5) 80,504 Ref 37.889  
(6.781–68.997)

0.430  
(0.214–0.647)

1.771  
(1.205–2.603)

PTC and M1 150 (20.9) 718 6.009 (4.904–7.364) <0.001*

FTC and M0 46 (1.0) 4,654 1.590 (1.146–2.205) <0.001*

FTC and M1 50 (32.1) 156 14.163 (10.418–19.254) <0.001*

M stage and N stage

M0 and N0 222 (0.3) 67,047 Ref 7.928  
(–20.336–36.192)

0.084  
(–0.205–0.374)

1.093  
(0.794–1.505)

M0 and N1 253 (1.4) 18,111 2.418 (1.968–2.970) <0.001*

M1 and N0 77 (21.6) 357 11.359 (8.543–15.103) <0.001*

M1 and N1 123 (23.8) 517 11.736 (9.080–15.169) <0.001*

Adjusted for age at diagnosis, year at diagnosis, sex, race, T stage, N stage, M stage, multifocality, extrathyroidal extension, radiation, 
surgery. *, P<0.05. CSM, cancer-specific mortality; DTC, differentiated thyroid cancer; n, number; HR, hazard ratio; CI, confidence interval; 
RERI, relative excess risk; AP, attributable proportion; SI, synergy index; PTC, papillary thyroid cancer; FTC, follicular thyroid cancer.

Figure 2 Survival in lymph lode metastasis and DTC patients. (A) Effects of histology subtype and N stage on CSS of patients with DTC; (B) 
effects of histology subtype and N stage on ACS of patients with DTC. CSS, cancer-specific survival; DTC, differentiated thyroid cancer; 
ACS, all-cause survival; PTC, papillary thyroid cancer; FTC, follicular thyroid cancer.

Discussion

Many studies had reported risk factors associated with DTC 
death. However, the relationship between risk factors and 
tumor-related mortality remains to be clarified for DTC. In 
the present study, we divided DTC patients into subgroups 
of PTC, FTC, N0 stage, N1 stage, M0 stage and M1 stage 
to evaluate differences in their clinicopathologic features 

and oncological outcomes. According to the multivariate 
regression analysis, we found that histology subtype, N 
stage and M stage were associated with a mortality due 
to both cancer-specific and all-cancer reasons, which is 
consistent with the findings in previous reports (12,14), the 
Kaplan-Meier analysis of survival of DTCs confirmed our 
findings again.

Studies have shown that PTC patients have a better 
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Figure 3 Survival in distant metastasis and DTC patients. (A) Effects of histology subtype and M stage on CSS of patients with DTC; (B) 
effects of histology subtype and M stage on ACS of patients with DTC. DTC, differentiated thyroid cancer; CSS, cancer-specific survival; 
ACS, all-cause survival.

Figure 4 Survival in lymph lode metastasis and distant metastasis with DTC patients. (A) Effects of N stage and M stage on CSS of patients 
with DTC; (B) effects of N stage and M stage on ACS of patients with DTC. DTC, differentiated thyroid cancer; CSS, cancer-specific 
survival; ACS, all-cause survival.
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prognosis than FTC patients (15-17). Lundgren’s study 
indicated that different histology subtypes could affect 
DTC prognosis; more specifically, patients with FTC 
had a risk of death several times higher than patients with  
PTC (18). Our research showed that the rate of CSM and 
ACM per 1,000 person-year for patients with FTC was 
higher than that for patients with PTC (Table 1).

Although the influence of LNM on the prognosis of 
thyroid cancer remains controversial, previous studies 
have reported that while LNM may affect recurrence 
in thyroid cancer, it does not affect survival (19,20). For 
both the seventh edition and eighth editions of AJCC 
TNM classification system, multivariate analyses have 
demonstrated that the presence of cervical LNM did 
not predict worse survival (4). Besides, not all large case-
control studies have suggested that LNM was among 
the primary factors associated with higher morbidity for 
thyroid cancer (18). Vuong et al. (21) reported that male sex, 
vascular invasion, extrathyroid extension, and LNM were 
independent risk factors for DTC. In our study, univariate 
analyses showed that age at diagnosis, sex, T stage, 
extrathyroid extension, radiation, surgery, N status, DM, 

and histology type were predictive risk factors for CSS in 
DTC. Particularly, we found that the presence of a positive 
N stage (P<0.001) led to worse CSS, similar to the findings 
of Suman et al. (22).

While DM does not commonly occur in DTC, it 
adversely impacts mortality. In this study, we found that 
the incidence of DM in DTC was 1.0%, and the CSM rate 
in patients with DM was 48.518 times higher than that in 
patients without DM. DM as a prognostic factor for CSM 
in patients with DTC has been widely studied (21,23-25). 
The 10-year OS rate associated with DTC is 85–93%; 
however, if DM occurs the 5-year OS rate may drop to 
50% (26,27). A recent study concluded that the presence of 
bone metastases in DTC was associated with lower OS (28), 
consistent with our findings.

DM is more commonly seen with FTC than PTC. 
In PTC, DM is predominantly confined to the lung 
tissue, while in FTC extrapulmonary metastases were 
more common and the incidence of bone metastasis 
was significantly higher than that for PTC (7–20% vs.  
1–7%) (29). A previous study reported that the prognosis of 
thyroid cancer patients with simple pulmonary metastasis 
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was better than those with extrapulmonary metastasis. 
This was because the I131 radiation sensitivity in patients 
with pulmonary metastasis was reportedly higher than that 
in those with bone metastases (16) resulting in a better 
prognosis for patients with PTC than those with FTC. 
This was consistent with our findings. On the other hand, 
studies had shown different molecular profiles of tumor 
that metastasized to different organs leaded to different 
prognosis (30,31). Therefore, it can be further speculated 
that the association between histology type and prognosis 
in DTC, may be caused by the different molecular profiles 
between FTC and PTC, which may affect the site of DM. 
Further studies on the molecular profile of DTC need to be 
conducted to confirm the aforementioned findings.

To the best of our knowledge, no study to date has 
focused on the possibility of a synergic effect between 
clinicopathological characteristics and prognosis in DTC. 
In the present study, we divided each of the three risk 
factors (histology subtype, N status and M stage) into 
two subgroups, and then every four subgroups of two 
risk factors were paired for the calculation of RERI, AP 
and SI to assess the additive interaction among the three 
risk factors. We found that, except for the N stage and M 
stage combinations, the other two combinations (histology 
subtype of FTC and N1 stage, histology subtype of FTC 
and M1 stage) had a significant synergic effect on DTC 
prognosis for CSM. Our study suggested that histology 
subtype and N stage had a synergic effect on the prognosis 
of DTC as did histology subtype and M stage for CSM. 
In other words, patients with FTC and LNM or DM 
had a higher rate of CSM than those with one or no risk 
factor. However, no significant increases in CSM rate were 
observed in the presence of LNM and DM. Existing risk 
stratification systems are tightly based on the impact of 
individual risk factors on tumor prognosis, we investigated 
whether there were synergic effects between some risk 
factors, which could lead to a more accurate rating of risk 
stratification. Based on the results, FTC patients with LNM 
or DM can be directly classified as high-risk. This may add 
some credibility to the current risk stratification system 
and may provide some references for clinical treatment of 
thyroid cancer. For DTC patients with signs of LNM and 
DM preoperative, our findings may have some implications 
for them, including potential changes in surgical procedures 
and potential radiation therapy may be required.

This study has some limitations. First, the SEER 
database lacks detailed information on recurrence and 
surgery-related complications of DTC, so these factors 

could not be considered. Second, we did not assess or 
consider the patients’ family history, vascular invasion, 
or other histology characteristics. Third, there were no 
information on whether patients underwent surgery more 
than once in the SEER database, leading to possible result 
bias. Fourth, the lack of information on the histological 
subtypes of PTC and FTC leaded our results incomplete. 
Fifth, another important limitation was the absence of 
data on the location of metastases (lung, bone, others), as 
well as the chronology of distant metastases (synchronous, 
metachronous). Fifth, the SEER database does not record 
the exact radioiodine doses and the total cumulative 
activity of radioiodine of a patient received. The number of 
radioiodine doses received and the total cumulative activity 
of radioiodine are important prognostic factors that should 
be taken into account.

Conclusions

In conclusion, our results indicated that histology subtype, 
LNM, and DM are associated with higher CSM and ACM 
rates in DTC. Moreover, the histology subtype and N status 
as well as the histology subtype and M status combinations 
have a synergic effect in significantly increasing the 
mortality rate in DTC. Detailed reports on these risk 
factors may provide a more accurate risk stratification 
assessment of DTC for better treatment.
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Table S1 Clinicopathological parameters associated with the ACS

Parameters
Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Age of diagnosis

<55 Ref Ref

≥55 6.848 6.313–7.428 <0.001* 5.794 5.331–6.296 <0.001*

Year at diagnosis

2004–2008 Ref Ref

2009–2013 0.949 0.873–1.031 0.215 0.929 0.855–1.009 0.082

Sex

Female Ref Ref

Male 2.395 2.237–2.565 <0.001* 1.669 1.555–1.792 <0.001*

Race

White Ref Ref

Black 1.229 1.082–1.396 0.002* 1.276 1.122–1.452 <0.001*

Other 0.844 0.748–0.952 0.006* 0.795 0.704–0.897 <0.001*

T stage

T1 Ref Ref

T2 1.013 0.914–1.123 0.800 1.136 1.020–1.264 0.020*

T3 1.576 1.446–1.718 <0.001* 1.353 1.181–1.550 <0.001*

T4 6.531 5.935–7.186 <0.001* 3.414 2.852–4.088 <0.001*

N stage

N0 Ref Ref

N1 1.510 1.401–1.628 <0.001* 1.374 1.255–1.503 <0.001*

M stage

M0 Ref Ref

M1 11.590 10.286–13.059 <0.001* 4.069 3.568–4.641 <0.001*

Multifocality

Yes Ref Ref

No 0.977 0.912–1.046 0.503 .951 0.885–1.022 0.173

Histology type

Papillary Ref Ref

Follicular 1.630 1.454–1.829 <0.001* 1.327 1.170–1.505 <0.001*

Extrathyroidal extension

No Ref Ref

Yes 2.466 2.294–2.652 <0.001* 1.097 0.943–1.277 0.228

Radiation

None or refused Ref Ref

Radiation beam or 
radioactive implants

3.188 2.765–3.675 <0.001* 1.492 1.281–1.737 <0.001*

Radioisotopes or 
radiation beam plus 
isotopes or implants

0.746 0.696–0.800 <0.001* 0.642 0.595–0.694 <0.001*

Surgery

Lobectomy Ref Ref

Subtotal or near total 
thyroidectomy

1.053 0.890–1.245 0.548 1.035 0.874–1.226 0.692

Total thyroidectomy 0.865 0.789–0.947 0.002* 0.918 0.832–1.012 0.084

*, P<0.05. ACS, all-cause survival; HR, hazard ratio; CI, confidence interval.

Supplementary



Table S2 Measures for estimation of synergic effect between different risk factors for the ACM of DTC

Parameters
Death events 

(%)
Total case 

(n)
HR (95% CI) P value RERI (95% CI) AP (95% CI) SI (95% CI)

Histology subtype and N stage

PTC and N0 2,151 (3.4) 62,744 Ref 7.258  
(3.723–10.794)

0.759  
(0.667–0.852)

0.759  
(0.667–0.852)

PTC and N1 913 (4.9) 18,478 1.342 (1.227–1.468) <0.001*

FTC and N0 285 (6.1) 4,660 1.285 (1.130–1.463) <0.001*

FTC and N1 38 (25.3) 150 2.459 (1.764–3.426) <0.001*

Histology subtype and M stage

PTC and M0 2,830 (3.5) 80,504 Ref 4.203  
(–1.965–10.371)

0.232  
(–0.040–0.504)

1.326  
(0.910–1.931)

PTC and M1 234 (32.6) 718 3.950 (3.417–4.565) <0.001*

FTC and M0 261 (5.6) 4,654 1.303 (1.140–1.488) <0.001*

FTC and M1 62 (39.7) 156 6.028 (4.660–7.797) <0.001*

M stage and N stage

M0 and N0 2,326 (3.5) 67,047 Ref 3.017  
(–0.940–6.973)

0.193  
(–0.037–0.423)

1.260  
(0.927–1.712)

M0 and N1 765 (4.2) 18,111 1.375 (1.253–1.508) <0.001*

M1 and N0 110 (30.8) 357 4.271 (3.496–5.218) <0.001*

M1 and N1 186 (36.0) 517 5.423 (4.595–6.400) <0.001*

Adjusted for age at diagnosis, year at diagnosis, sex, race, T stage, N stage, M stage, multifocality, extrathyroidal extension, radiation, 
surgery. *, P<0.05. ACM, all-cause mortality; DTC, differentiated thyroid cancer; n, number; HR, hazard ratio; CI, confidence interval; RERI, 
relative excess risk; AP, attributable proportion; SI, synergy index; PTC, papillary thyroid cancer; FTC, follicular thyroid cancer.


