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had an increased risk of sarcomas and soft tissue tumours 
(RR 4.37, p = 0.004) and haematological and lymphatic 
malignancies (RR 1.87, p = 0.035), especially non-Hodg-
kin lymphomas (RR 2.78, p = 0.035). The overall inci-
dence of SPMs was not statistically higher in patients (109 
SPMs/910 patients vs. 500 SPMs/4542 controls, RR 1.12, 
p = 0.269). Most patients were radioiodine-treated (81 %). 
The risk of SPMs with low cumulative radioiodine doses 
was RR 0.94 (≤3.7 GBq, p = 0.650) and with high doses 
RR 1.37 (>3.7 GBq, p = 0.143). Cumulative radioiodine 
dose increased during the study period.
Conclusions The overall incidence of SPMs was not 
higher in patients than in controls. The incidence of SPMs 
in thyroid carcinoma patients was higher in patients 
<40 years old and patients diagnosed since 1996. The inci-
dence of sarcomas and lymphomas was higher in patients 
than in controls.

Keywords Thyroid cancer · Second cancer · 
Radioiodine · Cancer incidence

Introduction

Thyroid cancer is the most common endocrine malignancy 
and accounts for 1–2 % of all cancer cases. The incidence 
of thyroid cancer has increased in western countries dur-
ing the past few decades, especially among young people 
[1–3]. In Finnish patients less than 40 years old, thyroid 
cancer is the 4th most common malignancy in females and 
7th most common malignancy in males [4]. Differentiated 
thyroid cancers (DTCs) arise from the follicular cells of the 
thyroid gland. Further, DTCs are classified as papillary thy-
roid cancers (80–90 %) and follicular thyroid cancers (10–
20 %). The prognosis of DTC is favourable [5, 6].

Abstract 
Background The objective was to evaluate the incidence 
of second primary malignancies (SPMs) in thyroid cancer 
patients compared to age- and gender-matched controls 
without thyroid cancer from the general population of the 
same region.
Methods Tampere and Oulu University Hospitals treated 
910 patients with well-differentiated thyroid cancer during 
1981–2002. The Finnish cancer registry provided follow-
up data for patients and controls (n = 4542) for an aver-
age of 16 years. The incidence of invasive malignancies per 
10 000 person-years was calculated and compared between 
patients and controls. The follow-up period ended Decem-
ber 31st, 2011.
Results Young patients <40 years [Rate Ratio (RR) 1.73, 
p = 0.037] and patients diagnosed since 1996 (RR 1.51, 
p = 0.029) had an increased incidence of SPMs. Patients 
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The treatment of DTC consists of total thyroidectomy, 
followed by radioactive iodine (RAI) ablation, which 
destroys residual thyroid tissue after surgery [7]. In addi-
tion, RAI eradicates and destroys possible DTC metasta-
sis in local lymph nodes and distant sites. Most frequent 
sites of distant metastasis are the lungs and bone [8]. 
Serum thyroglobulin acts as a tumour marker after RAI 
ablation. RAI ablation may cause irritation of the salivary 
glands and mucous membranes of the gastrointestinal and 
respiratory tract acutely or subacutely [9]. There is also 
concern about radiation-induced second primary malig-
nancies (SPMs) because DTC affects relatively young 
patients [3, 10].

In previous studies, DTC patients have been associated 
with 9–33 % greater risk of SPMs than general population 
[10–16]. The aim of this study was to evaluate the risk of 
SPMs in a cohort of Finnish DTC patients compared to 
age- and gender-matched controls of the same region. Fur-
thermore, we wanted to investigate which subgroups of 
patients had the highest risk of SPMs.

Materials and methods

Study population and the follow‑up

The study included 920 consecutive patients treated for 
DTC at two Finnish university hospitals between 1981 and 
2002. Tampere University Hospital treated 493 patients 
and Oulu University Hospital 427 patients [2, 17]. Follow-
up data were collected from the hospitals’ medical records 
and included the date of birth, date of cancer diagnosis, 
date and extent of surgery, cumulative dose of RAI treat-
ments and the latest date of follow-up. Each patient was 
assigned an index date, which was the date of RAI ablation 
for patients treated with RAI and the date of diagnosis of 
DTC for those who did not receive RAI treatment. Missing 
information in the registry database, errors in identification 
numbers or data release limitations caused exclusion of 10 
patients. A total of 910 patients were available for analysis.

For each patient, five control subjects from the general 
population were selected from the databases of Population 
Register Center of Finland and matched for age, gender 
and place of residence. The follow-up period of the con-
trol subjects started at the index date of the corresponding 
patients. The Finnish Cancer Registry provided statistics 
for the patients and controls since 1960 [4]. The overall 
cancer incidence included only invasive cancers. In situ-
cancers, suspicions of cancer and benign tumours were 
excluded from the Finnish Cancer Registry data. Basal 
cell carcinomas, considered as indolent skin cancers, were 
also excluded. We evaluated the incidence of benign CNS 
tumours separately.

We calculated the time interval for the development of 
SPM from the index date to the date of SPM. Anteced-
ent malignancies, cancers occurring before the index date, 
were analysed separately. If the time between the index 
date and the date of SPM was ≤12 months, SPM was con-
sidered synchronous. Antecedent or synchronous malig-
nancies were not exclusion criteria for patients or controls, 
with one exception, as prior thyroid cancer was an exclu-
sion criterion for controls. The incidence of SPMs did 
not include antecedent or synchronous malignancies. The 
follow-up period ended either at the date of the first SPM, 
the emigration date from Finland, the date of death or on 
December 31, 2011, whichever came first. Total number of 
person-years at risk was 14104 for the patients and 72716 
for the controls.

Second cancers and categories

The classification system used by the Finnish Cancer Reg-
istry is the International Classification of Diseases for 
Oncology (ICD-O-3). ICD-O-3 identifies the anatomical 
region of the cancer (topography) and the cancer histol-
ogy (morphology) [18]. Topographical classification of 
ICD-O-3 follows closely the clinical classification (ICD-
10) with a few exceptions. The majority of observed SPMs 
were categorised using the topography. However, morphol-
ogy was used in some cancers occurring in multiple ana-
tomical sites. These cancers included haematological and 
lymphatic malignancies [morphology (M)9590–M9989] 
and mesenchyme-derived malignancies (bone and soft tis-
sue cancers, M8800–M9262). The subgroup of latter, sar-
comas and soft tissue cancers was grouped according to 
separate ICD-O-3 guidelines [18]. Furthermore, a combi-
nation of malignant and benign CNS tumours (M9380–
M9571) and benign meningiomas (M9530–M9539) were 
analysed according to morphology.

Ethics

The Ethics Committee of the Pirkanmaa Hospital District 
approved the study protocol. In addition, the National 
Research and Development Center for Welfare and Health 
gave permission to use data from the Population Register 
Center and the Finnish Cancer Registry. The Head of Sci-
ence Centre at Tampere University Hospital and Medical 
Director of Oulu University Hospital gave permissions to 
use medical records. We conducted the study in accordance 
with the Declaration of Helsinki.

Statistical analysis

Our study group performed statistical analyses with SPSS 
software version 20 (IBM Corporation, New York, NY, 
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USA). In Table 1, we represent continuous variables as the 
means with standard deviation and categorical variables 
with percentages. We compared continuous variables with 
unpaired t test and categorical variables with the Chi-square 
test. RAI doses with skewed distributions were compared 
with the Mann–Whitney U test between the time periods. 
In Fig. 1, Kaplan–Meier analysis and the log-rank test were 
used when comparing various subgroups of patients. Sig-
nificances are two-tailed, and p values ≤0.05 were consid-
ered statistically significant.

Stata software (StataCorp, College Station, TX, USA) 
and R software version 3.2.1 (R Development Core Team) 
were used to calculate post-index date cancer cases, 

person-years-at-risk and cancer incidences per 10,000 
persons-years. The considered rate ratios have been esti-
mated by using Poisson regression models with patient-
years defined as the offset variable, see more about Pois-
son regression analysis for incidence rates, e.g., Frome and 
Checkoway [19]. In Table 2, the estimates of rate ratios 
based on two-way interaction Poisson regression models 
are presented. The overall significance of case–control fac-
tor was tested with the likelihood ratio test by comparing 
the fit of interaction model to the fit of Poisson regression 
model with the case–control factor completely excluded. 
Also, the p-values for the significance tests of interaction 
effect are reported, and the Cochran-Mantel–Haenszel type 

Table 1  General statistics and 
follow-up times for the patients 
with differentiated thyroid 
cancer and controls without 
thyroid cancer from the general 
population

Matching-criteria for controls were age, gender and place of residence

Statistically significant p values  are in bold (p < 0.05)

PTC papillary thyroid carcinoma, FTC follicular thyroid carcinoma

* Matched groups

Patients (n = 910) Controls (n = 4542) p

Age

 Years, mean (SD) 49.0 (15.9) 48.9 (15.8) –*

Gender

 Females 742 (82 %) 3702 (82 %) –*

Follow-up time

 Years, mean (SD) 16.2 (6.9) 16.5 (6.6) 0.187

Time to SPM

 Years, mean (SD) 10.7 (7.4) 11.6 (6.4) 0.240

Observed SPMs 109 (12 %) 500 (11 %) 0.397

Mortality, all-cause 214 (23.5 %) 1073 (23.6 %) 0.944

Surgery

 Total or near total thyroidectomy 710 (78 %) –

 Subtotal thyroidectomy 142 (16 %) –

 Lobectomy 38 (4 %) –

 Biopsy/inoperable 20 (2 %)

Pathology

 PTC 715 (79 %) –

 PTC follicular variant 96 (10 %) –

 FTC 99 (11 %) –

TNM

 T1 480 (53 %) –

 T2 158 (17 %) –

 T3 75 (8 %) –

 T4 22 (2 %) –

 Nodal metastasis (N+) 150 (16 %) –

 Distant metastasis (M+) 61 (6.7 %) –

Antecedent cancers

 (Before index date) 43 (4.7 %) 115 (2.5 %) <0.001

Synchronous cancers

 (Index date + 12 months) 6 (0.7 %) 17 (0.4 %) 0.226
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Fig. 1  The top left figure illustrates all patients and corresponding 
controls, followed by a comparison of subgroups of women and men 
with controls. In the second row, patients are compared with controls 
in the age groups >60, 40–60 and <40 years. In the third row, patients 
with no radioiodine treatment, with a cumulative radioiodine dose of 
≤3.7 GBq and with a cumulative radioiodine dose of >3.7 GBq are 

compared with controls. In the fourth row, patients diagnosed before 
and after January 1996 are compared with controls. The last image on 
the fourth row illustrates a subgroup of women <60 years old diag-
nosed after January 1996 with the corresponding controls. In this fig-
ure, the log-rank test was used for testing statistical significance
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of estimates of rate ratios based the main effects Poisson 
regression models are presented in Table 2.

Results

Table 1 presents the information on the 910 DTC patients 
and 4542 controls. The mean age of patients and controls 
at the beginning of follow-up was 49 years, and 82 % were 
female. Mean follow-up time, mean time to SPM and mor-
tality were equal between the groups. Only few patients 
and controls emigrated (0.7 vs. 0.6 %, p = 0.736). Follow-
up continued for the majority of patients and controls (68.8 

vs. 70.5 %) at the study end-date of the 31st of December 
2011.

The surgical treatment of DTC did not differ signifi-
cantly between the two hospitals participating in the study. 
Most patients, 710 (78 %) had a total thyroidectomy and 
in 142 patients (16 %) had a subtotal thyroidectomy. DTC 
type was papillary in 715 patients (79 %), a follicular vari-
ant of papillary carcinoma in 96 patients (10 %) and fol-
licular carcinoma in 99 patients (11 %). The majority, 480 
(53 %) of tumours were ≤20 mm (T1) and 158 (17 %) were 
21–40 mm in size (T2). Hundred-fifty (16 %) patients had 
lymph node metastasis in the cervical region; 61 patients 
(6.7 %) had a distant metastatic disease.

Table 2  Table illustrates the incidences of second primary malignancies (SPMs) per 10,000 person-years in various subgroups of patients 
(n = 910) and corresponding controls (n = 4542)

Even though case–control factor could not be declare statistically significant factor in two-way interaction Poisson regression models, in patients 
less than 40 years and in patients diagnosed 1996 onwards, the rate ratio was found be significantly different from one

Statistically significant p values  are in bold (p < 0.05)

CI confidence interval, PTC papillary thyroid carcinoma, FTC follicular thyroid carcinoma

* Mantel–Haenszel

** Cumulative dose

Subgroup of patients Patients Controls Patients vs. controls Significance tests

Cases Incidence Cases Incidence Rate ratio (CI) p Overall p, interaction p

All 109 77.28 500 68.76 1.12 (0.91–1.38) 0.269

Gender

 Females, n = 742 88 75.28 368 60.78 1.24 (0.98–1.56) 0.071

 Males, n = 168 21 86.99 132 108.43 0.80 (0.51–1.27) 0.348

 Multivariable analysis 1.12 (0.91–1.38)* 0.278* 0.133, 0.089

Age

 <40 years, n = 279 19 37.47 59 21.69 1.73 (1.03–2.91) 0.037

 40–59 years, n = 391 51 77.96 231 69.59 1.12 (0.83–1.52) 0.463

 ≥60 years, n = 240 39 156.55 213 155.51 1.01 (0.72–1.42) 0.969

 Multivariable analysis 1.14 (0.93–1.41)* 0.205* 0.223, 0.244

Year of diagnosis

 <1990, n = 293 41 72.34 226 75.99 0.95 (0.68–1.33) 0.773

 1990–1995, n = 294 32 67.64 151 63.28 1.07 (0.73–1.57) 0.732

 ≥1996, n = 323 36 97.11 123 64.34 1.51 (1.04–2.19) 0.029

 Multivariable analysis 1.13 (0.91–1.38)* 0.264* 0.187, 0.207

Histology

 PTC, n = 715 91 79.77 392 67.49 1.18 (0.94–1.49) 0.150

 PTC, follicular variant, n = 96 3 20.81 39 55.38 0.38 (0.12–1.22) 0.089

 FTC, n = 99 15 119.59 69 90.89 1.32 (0.75–2.30) 0.334

 Multivariable analysis 1.13 (0.92–1.39)* 0.241* 0.079, 0.093

Radioiodine treatment (RAI)

 No RAI, n = 170 26 89.08 90 59.88 1.49 (0.96–2.30) 0.072

 ≤3.7 GBq (≤100 mCi)**, n = 526 56 67.41 306 72.01 0.94 (0.70–1.25) 0.650

 >3.7 GBq (>100 mCi)**, n = 214 27 93.79 104 68.47 1.37 (0.90–2.09) 0.143

 Multivariable analysis 1.12 (0.91–1.38)* 0.269* 0.161, 0.138
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DTC patients (n = 910) had 43 (4.7 %) antecedent can-
cers and 4542 controls had 115 antecedent cancers (2.5 %). 
Therefore, more malignancies were detected in patients 
than controls before the diagnosis of DTC (p < 0.001). 
Number of synchronous malignancies was 6 (0.7 %) in 
patients and 17 (0.4 %) in controls (p = 0.226).

Second primary malignancies

Table 2 illustrates the risk for SPMs in various subgroups 
of patients. SPMs were observed in 109 patients (12.0 %) 
and in 500 controls (11.0 %) [Rate ratio (RR) 1.12, 
p = 0.269). Multiple second cancers were observed in 3 
(0.3 %) patients and in 35 (0.8 %) controls (p = 0.144). 
Patients <40 years (RR 1.73, p = 0.037) had an increased 
risk of SPMs when compared to controls. Patients 
40–60 or >60 years did not have a significantly higher 
risk for SPMs than the corresponding controls (RR 1.12 
and 1.01, respectively). If the patient was treated 1996 
onwards, the risk for SPMs was significantly higher than 
in the controls (RR 1.51, p = 0.029). The risk of SPMs in 
the patients diagnosed during 1981–1989 and 1990–1995 
was not significantly higher than in the controls (RR 

0.95, p = 0.773 and RR 1.07, p = 0.773 respectively). 
There were no differences in the incidence of SPMs in 
patients with a papillary or a follicular thyroid cancer 
compared to the controls. In multivariable analysis no 
significant effects were found. Figure 1 illustrates the 
observed differences between various groups of patients 
and controls.

Specific tumour sites

Table 3 shows incidences of SPMs in specific tumour sites 
in patients and corresponding controls. The risk of sarco-
mas and soft tissue tumours was higher in patients than 
in controls (RR 4.37, p = 0.004). More lymphatic and 
hematologic malignancies were observed in patients when 
compared to controls (RR 1.87, p = 0.035). The risk for 
non-Hodgkin lymphoma was higher in patients (RR 2.78, 
p = 0.035). The incidence of thyroid cancer as an SPM was 
higher in the patients than in controls (RR 2.99, p = 0.016). 
The combined incidence of benign and malignant CNS 
tumours was higher in patients than in controls (RR 2.56, 
p = 0.017), and benign meningioma was a more common 
finding in patients (RR 3.15, p = 0.007).

Table 3  Patients with 
differentiated thyroid cancer 
(n = 910) and in age, gender 
and place of residence-matched 
controls (n = 4542), the 
incidence of second primary 
malignancies per 10,000 
person-years

Statistically significant p values  are in bold (p < 0.05)

CI confidence interval

* Each patient and control has only the first SPM included

** Subgroup analysis

Cancer type Patients Controls Patients vs. controls

Cases Incidence Cases Incidence Rate Ratio (CI) p

All* 109 77.28 500 68.76 1.12 (0.91–1.38) 0.269

Head and neck 2 1.36 13 1.74 0.78 (0.18–3.47) 0.748

Oesophagus and stomach 2 1.36 25 3.34 0.41 (0.10–1.72) 0.206

Small intestine and colorectal 9 6.14 46 6.16 1.00 (0.49–2.04) 0.99

Hepato-biliary-pancreatic 4 2.72 34 4.54 0.60 (0.21–1.69) 0.327

Respiratory organ 4 2.72 42 5.61 0.49 (0.17–1.35) 0.157

Skin 8 5.45 38 5.09 1.07 (0.50–2.30) 0.860

Breast (female) 25 20.75 122 19.86 1.05 (0.68–1.61) 0.841

Gynaecological 11 9.05 61 9.86 0.92 (0.48–1.75) 0.795

Prostate 6 24.3 48 38.45 0.63 (0.27–1.48) 0.286

Kidney and renal pelvis 6 4.09 16 2.14 1.91 (0.75–4.89) 0.167

Urinary tract 1 0.68 3 0.40 1.70 (0.18–16.33) 0.643

Central nervous system 2 1.36 4 0.53 2.55 (0.47–13.90) 0.26

Thyroid 7 4.79 12 1.60 2.99 (1.18–7.59) 0.016

Miscellaneous 3 2.04 17 2.27 0.90 (0.26–3.07) 0.865

Morphological classification

 Mesenchymal tumours 7 4.76 13 1.74 2.74 (1.09–6.87) 0.025

  Sarcomas and soft tissue** 6 4.08 7 0.94 4.37 (1.47–12.99) 0.004

 Lymphatic or haematopoietic 15 10.25 41 5.49 1.87 (1.03–3.38) 0.035

  Non-Hodgkin lymphoma** 6 4.09 11 1.47 2.78 (1.03–7.53) 0.035
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RAI treated patients

The majority, 740 patients (81 %) had a RAI ablation post-
operatively. Patients with persistent or recurrent disease 
(n = 211, 23 %) had multiple RAI treatments. The median 
dose of RAI was 3.7 GBq (100 mCi), and the mean was 
5.3 GBq (±3.7 GBq). The cumulative dose of RAI was 
≤3.7 GBq (≤100 mCi) in 526 7patients (71 %) and >3.7 GBq 
in 214 patients (29 %). The mean cumulative dose of RAI rose 
during the study period. During 1981–1989 the RAI dose was 
4.4 GBq (±3.1 GBq), during 1990–1995 5.6 GBq (±4.1 GBq) 
and 1996 onwards 5.8 GBq (±3.5 GBq) (p < 0.001). Patients 
with a good prognosis (n = 170, 19 %) did not receive RAI 
treatment. This group included patients with small-sized intra-
thyroidal cancers with no lymph node metastasis. Twenty-
eight patients (3 %) had external radiotherapy.

Table 4 shows the incidences of SPMs in RAI-treated 
patients and controls. The overall cancer incidence was equal 
between patients and controls (RR 1.04, p = 0.721). The 
incidence of sarcomas and soft tissue tumours was higher in 
RAI-treated patients than in controls (RR 6.37, p = 0.002). 
RAI treated patients had one case of salivary gland cancer. 

The incidence of hepato-biliary-pancreatic cancers was 
lower in the RAI-treated patients than in controls (RR 0.00, 
p = 0.024), but not in RAI-non-treated patients (RR 2.54, 
p = 0.114). The incidence of lung and respiratory tract can-
cers was lower in the RAI-treated patients than in controls 
(RR 0.26, p = 0.041), while patients without RAI treat-
ment had a tendency to the opposite direction (RR 5.09, 
p = 0.072). When compared to the controls, the RR of SPMs 
in patients with ≤3.7 GBq RAI dose was 0.94 (p = 0.650) 
and with >3.7 GBq RAI dose 1.37 (p = 0.143).

Discussion

In the present study, the risk of SPMs in DTC patients 
did not differ when compared with age, gender and place 
of residence-matched controls of the general population. 
Young patients <40 years and patients treated since 1996 
had an increased incidence of SPMs when compared to 
controls.

The strengths of this study include the excellent qual-
ity of the register data, the good matching of the patients 

Table 4  Radioiodine-treated 
patients with differentiated 
thyroid cancer (n = 740) and 
in age, gender and place of 
residence matched controls 
(n = 3692), the incidence of 
second primary malignancies 
per 10,000 person-years

Statistically significant p values  are in bold (p < 0.05)

CI confidence interval

* Only one SPM per patient/control is included

** subgroup analysis

Cancer type Patients Controls Patients vs. controls

Cases Incidence Cases Incidence Rate ratio (CI) p

All* 83 74.20 410 71.08 1.04 (0.83–1.32) 0.721

Head and neck 2 1.72 12 2.02 0.85 (0.19–3.80) 0.831

Oesophagus and stomach 2 1.71 21 3.53 0.49 (0.11–2.07) 0.318

Small intestines and colorectal 8 6.88 38 6.41 1.08 (0.50–2.30) 0.853

Hepato-biliary-pancreatic 0 0 26 4.37 0.00 0.024

Respiratory organ 2 1.71 40 6.73 0.26 (0.06–1.05) 0.041

Skin 6 5.15 29 4.89 1.05 (0.44–2.54) 0.907

Breast (female) 18 19.04 100 20.71 0.92 (0.56–1.52) 0.742

Gynaecological 9 9.47 49 10.08 0.94 (0.46–1.91) 0.863

Prostate 6 28.87 39 37.50 0.77 (0.33–1.82) 0.550

Kidney and renal pelvis 4 3.44 14 2.35 1.46 (0.48–4.44) 0.502

Urinary tract 1 0.86 3 0.50 1.70 (0.18–16.34) 0.641

Central nervous system 2 1.71 4 0.67 2.55 (0.47–13.92) 0.263

Thyroid 6 5.18 12 2.02 2.56 (0.96–6.83) 0.051

Miscellaneous 3 2.57 15 2.52 1.02 (0.30–3.52) 0.975

Morphological classification

 Mesenchymal tumours 6 5.15 9 1.51 3.40 (1.21–9.56) 0.014

  Sarcomas and soft tissue** 5 4.29 4 0.67 6.37 (1.71–23.73) 0.002

 Lymphatic or haematopoietic 11 9.48 31 5.22 1.82 (0.91–3.61) 0.085

  Non-Hodgkin lymphoma** 3 2.58 8 1.35 1.92 (0.51–7.22) 0.328
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and controls. The follow-up time was long, with the median 
follow-up of 16 years, and the maximum of over 30 years. 
Clinical follow-up was carried out at the same two univer-
sity hospitals. The coverage of the study was good. Less 
than 1 % of patients immigrated. Therefore, the registry 
follow-up was rather comprehensive. Another strength of 
this study is the availability of detailed information on RAI 
treatments. In most registry-based studies, information on 
RAI treatments is imprecise or lacking [10].

Patient’s age affected the risk of SPM. Patients 
<40 years old had 73 % higher risk for SPM than controls, 
whereas in patients ≥40 years the risk was not significantly 
higher. Ronckers et al. [20] reported that in DTC patients 
<40 years, the risk of SPM was 39 % higher than in the 
general population. In older patients, the risk was only 6 % 
higher. In a study by Lu et al. [15], the risk of SPMs was 
highest in patients less than 50 years old. It is possible that 
the young DTC patients have genetic, environmental or 
lifestyle-related factors, which make them more suscepti-
ble to carcinogenesis than their peers in the general popu-
lation. A higher incidence of antecedent malignancies in 
DTC patients suggests that the general carcinogenic sus-
ceptibility of DTC patients is higher than in general popu-
lation. Previous studies have discovered that there is a bidi-
rectional association between the incidence of DTC and 
non-thyroidal cancers [20, 21]. Hence, patients with DTC 
have more SPMs than the general population, and patients 
with other malignancies have more thyroid cancers than the 
general population. Young patients probably have the most 
noticeable difference in incidence, as the overall cancer 
incidence is lower than in older patients.

Patients treated since 1996 had an increased risk of 
SPMs in this study (RR 1.51), whereas patients treated 
before 1996 had an equal risk of SPM when compared to 
controls. Kim et al. [22] also made a similar observation. 
The risk for SPMs in DTC patients was higher in patients 
diagnosed after 2003 when compared to controls (RR 
1.45), and the risk was lower for patients diagnosed ear-
lier (RR 1.03–1.21). A higher incidence of SPMs in DTC 
patients in recent decades is an interesting, yet poorly 
understood, observation. Changes in environmental risk 
factors may affect the incidence of DTC [23]. The propor-
tion of small-size papillary carcinomas with favourable 
prognosis has rapidly increased during recent decades [23, 
24]. Good prognosis and longer survival of DTC patients 
may contribute to the increased risk of SPMs. On the other 
hand, disease-specific mortality has not changed signifi-
cantly during the past decades [2, 25]. In our study, RAI 
dose has increased during past decades, which may have 
affected the incidence of SPMs.

In some cancer sites and types, an increased incidence 
of SPMs in patients was observed. Sarcomas and soft tis-
sue tumours were more common in DTC patients than in 

controls (RR 4.37). This finding is consistent with previ-
ous studies. Sandeep et al. [10] reported SIRs of 3.63 
for soft tissue sarcoma and 3.62 for bone malignancies, 
whereas Rubino et al. [12] observed an RR of 4.0 for bone 
and soft tissue cancers. The risk of lymphatic and hemato-
logic malignancies was elevated, especially the risk of non-
Hodgkin lymphoma (RR 2.78). Sandeep et al., Brown et al. 
and Lu et al. [10, 11, 15] each also reported an increased 
risk of non-Hodgkin lymphoma (SIR 1.68, 1.75 and 2.66, 
respectively). We observed increased incidence of meningi-
omas in patients when compared to controls. In other stud-
ies, high incidence of CNS cancers (RR 2.2-4.0) has been 
reported in DTC patients [12, 15].

RAI-treated patients did not have a higher overall inci-
dence of SPMs when compared to controls or patients with-
out the RAI treatment. In subgroups, RAI-treated patients 
had an increased incidence of sarcomas and soft tissue 
cancers. Patients had a lower incidence of hepato-biliary-
pancreatic cancers and lung and respiratory organ cancers 
than controls. Alcohol and tobacco consumption increase 
the risk of these malignancies, and the decrease in inci-
dence may be due to lifestyle changes among the patients 
[26]. In other studies, RAI treatment has been associated 
with 12–19 % higher incidence of SPMs when compared to 
DTC patients without radiation therapy [27, 28]. In previ-
ous studies, DTC survivors have had a decreased incidence 
of lung cancers [11, 20].

Due to limited number of patients and observed SPMs in 
this study, the results of subgroup analyses must be inter-
preted with caution. The risk of false positive results exists 
due to the limited number of events and multiple testing. 
Increased incidence of thyroid carcinomas as SPMs is 
explained by the date inconsistencies between the clinical 
and registry databases during the 1980′s. The use of mor-
phological classification in some cancer types may differ 
from some previous studies, which rely solely on topo-
graphical classification. Due to space limitations, we did 
not discuss antecedent or synchronous cancers in detail.

In conclusion, our results show that certain groups of 
DTC patients had an elevated incidence of SPMs when 
compared to age, gender and region-matched controls of 
the general population. DTC patients <40 years old, as 
well as patients diagnosed since 1996, had a higher risk of 
second primary malignancy when compared to controls. 
DTC patients had increased the incidence of sarcomas and 
soft tissue cancers and hematologic and lymphatic malig-
nancies. RAI treated patients had markedly increased the 
incidence of sarcomas and soft tissue cancers. On the con-
trary, the risk of hepato-biliary-pancreatic cancers and res-
piratory organ cancers was decreased in radioiodine treated 
patients. However, the latter results must be interpreted 
cautiously due to limited patient and event count. The 
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overall incidence of second primary malignancies was not 
significantly higher in DTC patients.
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