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Abstract

Background and aim. This study aimed at determining whether there is a risk 
regarding the development of second primary malignancies after patient exposure to 
the low and medium radioiodine activity used during the treatment of differentiated 
thyroid cancers (DTC).

Methods. Second primary malignancies that occurred after DTC were detected 
in 1,990 patients treated between 1970 and 2003. The mean long-term follow-up period 
was 182 months. 

Results. Radioiodine I-131was administrated at a mean dose of 63.2 mCi. 
There were 93 patients with at least one second primary malignancy. The relative risk 
of development of second malignancy in DTC patients was increased (p<0.0001) for 
breast, uterine and ovarian cancers compared with the general population. 

Conclusions. The overall risk concerning the development of second primary 
malignancies was related to the presence of DTC, but not to exposure to the low and 
medium activities of radioiodine administered as adjuvant therapy.
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with other primary malignancies. Findings reported in some 
previous studies have confirmed that there are risks related 
to radiation dose, age and latency [10-19]; however, there is 
both a lack of evidence and significant bias in demonstrating 
this relationship [20,21]. The aim of the present study was 
to investigate if there is a risk regarding the development of 
second primary malignancies after exposure to the low and 
medium radioiodine activities used during the treatment of 
differentiated thyroid cancers; a retrospective analysis was 
performed using a database from a tertiary cancer referral 
center.

Background
Differentiated thyroid cancers represent the 

most frequent endocrine tumors, with a 10-year overall 
survival rate of ˃90% [1,2]. In the management of these 
cancers radioiodine I-131 therapy (RIT) is used. The 
most controversial issues related to this therapy are its 
usefulness, mainly in low risk patients [1,3-8], and the 
most beneficial radiation dose for treatment [1-3,9]. During 
long-term follow-up patients treated with RIT may present 
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Patients and methods
We retrospectively evaluated 1990 patients 

diagnosed with differentiated thyroid carcinoma (DTC) 
treated with thyroidectomy and adjuvant radioiodine 
therapy at the Institute of Oncology Cluj-Napoca between 
1970 and 2003. All these patients were monitored and 
followed-up in the same department until 2013; the median 
surveillance interval was 182 months (range, 120–516 
months). We obtained ethical approval for our study, and 
also patient informed consent regarding the use of their 
individual data. The patient group had a female/male ratio 
of 8:1, and a mean age of 47.2 years at the time of diagnosis 
of thyroid cancer. The disease stages of the patients were as 
follows: stage I, 51.7%; stage II, 19.6%; stage III, 17.5%; 
and stage IV, 11.2%. Radioiodine was administrated as 
adjuvant therapy to all patients. The mean radiation dose 
from I-131was 63.2 mCi (2338 MBq), with a range of 30 
mCi (1111 MBq) to 90 mCi (3330 MBq); all patients treated 
with higher activities were excluded from the study. The 
overall survival rate was 94.7% at 10 years. Ninetythree 
patients were identified with at least one second primary 
malignancy, and 29 patients developed a second tumor 
after undergoing radioiodine therapy. The characteristics of 
the patient group are detailed in Table I.

Statistical methods 
Descriptive methods were employed for the analysis 

of the incidence of second primary malignancies, and the 
relative risk (RR) and odds ratio (OR) using the SPSS 17 
statistical package. Student’s t-test was used for comparing 
the groups. Differences were considered to be statistically 
significant at a p value ≤0.05. 

Results 
The present study focused on a cohort of 1990 

patients with DTC treated and monitored in the same 
department from 1970-2003. All these patients received 
radical treatment, including the use of RIT; patients were 
only exposed to low and medium activities and were 
followed up for at least 10 years after RIT. Among this 
group, 93 patients presented with other primary tumors; 
one patient had two primary tumors associated with DTC 
(breast carcinoma and cervical carcinoma). A total of 64 
patients presented with a primary tumor before the diagnosis 
of DTC, and were treated with RIT; 29 patients developed a 

second malignancy after DTC diagnosis and treatment with 
RIT. In the patients with a second malignancy the mean 
time interval between the two malignancies was 36±61.5 
months. The type of tumors involved and their distribution 
are presented in Table II.

Because the patient group included an unusually 
high prevalence of females as compared with males (27:2), 
the pathologies of the second malignancies were strongly 
correlated with gender; the most frequently occurring 
pathology was breast carcinoma, followed by uterine and 
ovarian cancers. Data regarding the analysis of the RR 
and OR in the group of patients with DTC, and a previous 
malignancy that had occurred before RIT, are presented 
in Table III. The associated cancers were: breast; uterine, 
ovarian; lung; gastric carcinomas; malignant melanoma; 
leiomyosarcoma; basal cell carcinoma; neuroendocrine 
carcinoma; non-Hodgkin lymphoma; colorectal carcinoma; 
hepatocarcinoma; pancreatic adenocarcinoma; laryngeal 
cancer; esophageal cancer: seminoma; urinary bladder 
cancer; and metastases of unknown origin. The analysis 
concerning the RR and OR was only performed for the first 
eight cancer sites listed above, which were also present in 
the group of patients who developed a second malignancy 
after RIT. In the DTC patients a very strong correlation 
was found (p=0.0017) regarding the occurrence of breast 
carcinoma, uterine tumors, ovarian tumors(Table IV), as 
compared with the incidence of these neoplasms in the 
general population of the same region and country [22]. The 
single cancer where there was lack of correlation regarding 
the RR and OR was basal cell carcinoma (p=0.3516 and 
p=0.3517, respectively).

In Table V the comparative RR and OR for the 
low and medium dose RIT groups are presented; the data 
emphasize the lack of correlation regarding the occurrence 
of lung and gastric cancers in the DTC patients after 
treatment with RIT.

In Table VI the results of the analysis using 
Student’s t-test concerning the comparison of the two 
groups of patients with second malignancies, which 
developed before and after the use of low and medium 
activities of radioiodine, are presented. It was conclude 
from this analysis that there was no correlation between 
the occurrence of second malignancies and the dose of 
radioiodine used (p=0.6228). 
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Cases of DTC radiated 
with low and medium 
I-131 1970-2003

Cases with DTC and 
other primary malignancy 
developed before RIT

Cases with DTC and 
second primary malignancy 
developed after RIT

NUMBER 1990 64 29
GENDER
Female
Male

1768 55 27

222 9 2
AGE (YEARS)
Mean (+/-SD) 47.2 (+/- 28.1) 52.2 (+/-14.7) 50 (+/-9.93)
HISTOLOGY

Papillary DTC
Follicular DTC

1804
186

57
7

22
7

STAGES (%)
I

II
III
IV

51.7
19.6
17.5
11.2

54.2
12.6
21.4
11.8

55.2
6.9
24.1
13.8

RADIOIODINE 
I-131  (mCi) 
Mean (+/- SD)

63.3 (+/- 21.7) 69.1 (+/-31.1) 69.2 (+/-30.6)

INTERVAL  (months)
Min  
Max 
Mean (+/- SD)

Before DTC and RIT
0

432
44.2 (+/-78.9)

After DTC and RIT
12

204
36 (+/-61.5)

Table I. Characteristics of the patient study group.

TUMOR TYPE SECOND PRIMARY 
MALIGNANCY before 

DTC and RIT
 (number of patients)

SECOND PRIMARY 
MALIGNANCY

after DTC and RIT
(number of patients)

Breast cancer
Uterine cancer
Ovarian cancer

Lung cancer
Malignant melanoma

Gastric cancer
Leiomyosarcoma

Basal cell carcinoma
Lymphoma

Colorectal carcinoma
Hepatocarcinoma

Pancreatic carcinoma
Larynx cancer

Esophagus cancer
Seminoma

Neuroendocrine cancer
Urinary bladder

Unknown origin metastases 

19
12
3
3
3
1
0
2
4
5
1
1
2
1
1
1
1
4

14
7
3
1
1
1
1
1
0
0
0
0
0
0
0
0
0
0

Table II. Second primary malignancies in patients with differentiated thyroid carcinoma 
(DTC) who underwent radioiodine therapy (RIT).
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Incidence in 
general 

population
Number of 

cases/100.000 
inhabitants in 

Romania*

Second 
primary 

malignancy 
after DTC 
and RIT 

(number of 
patients)

Relative Risk (RR) for 
second malignancy in 

DTC after RIT

P statistic 
significant
(p<0.05)

Odds ratio (OR) P 
statistically 
significant
(p<0.05)

Breast Cancer 66.2 14 10.6 (95%CI 5.9 - 18.9) p<0.0001 10.7 (95% CI 6.0 -19.1) p< 0.0001

Uterine cancer 35 7 10.05 (95% CI 4.4-22.5) p< 0.0001 10.08 (95% CI 4.2-22.7) p< 0.0001

Ovarian cancer 13.6 3 10.7 (95%CI 3.09-37.4) p< 0.0002 10.7 (05%CI 3.09-37.5) p< 0.0002

Lung cancer 15.8 1 3.1 (95%CI 0.4-23.6) p=0.2668 3.1 (95%CI 0.4-23.7) p=0.2669

Gastric Cancer 8.5 1 5.5 (95%CI 0.7-44.1) p=0.1027 5.5 (95%CI 0.7-44.1) p=0.1028

Mal. melanoma 4.5 1 10.05 (95%CI 1.1-85.9) p=0.0351 10.05 (95%CI 1.1-86.1) p=0.0351

Leiomyosarcoma 0.1 1 150.6 (95%CI 6.1-3697) p=0.021 150.7 (95%CI 9.1-3702 p=0.0211

Basocellular cc. 128 1 0.39 (95%CI 0.05-2.8) p=0.3516 0.39 (95%CI 0.05-2.8) p=0.3514

Table III. Relative risk (RR) and odds ratio (OR) regarding the occurrence of second malignancies in patients with differentiated 
thyroid carcinoma (DTC) before treatment with radioiodine therapy (RIT).

*-EUCAN statistics for cancers [22]

Incidence in 
general 

population
Number of 

cases/100.000 
inhabitants in 

Romania*

Second 
primary 

malignancy 
before 
DTC 

and RIT 
(number of 

patients)

Relative Risk (RR) for 
second malignancy in 

DTC before RIT

P statistic 
significant
(p<0.05)

Odds ratio (OR) P 
statistically 
significant
(p<0.05)

Breast Cancer 66.2 19 14.4 (95%CI 8.6 – 23.95) p<0.0001 15.5 (95% CI 8.7 -24.2) p< 0.0001

Uterine cancer 35 12 17.22 (95% CI 8.9-33.1) p< 0.0001 17.3 (95% CI 8.9-33.4) p< 0.0001

Ovarian cancer 13.6 3 10.78 (95%CI 3.09-37.4) p= 0.0002 10.78 (05%CI 3.09-37.5) p= 0.0002

Lung cancer 15.8 3 9.42 (95%CI 2.74-32.3) p=0.0004 9.43 (95%CI 2.74-32.4) p=0.0004

Gastric Cancer 8.5 2 11.16 (95%CI 24-51.6) p=0.002 11.17 (95%CI 24-51.17) p=0.002

Mal melanoma 4.5 3 83.75 (95%CI 20-3502) p<0.0001 30.2 (95%CI 7.2-126) p<0.0001

Leiomyosarcoma 0.1 0 167.4 (95%CI 6.8-4108) p=0.0017 167.4 (95%CI 6.8-4112) p-0.0017

Basocellular cc 128 1 0.39 (95%CI 0.05-2.8) p=0.3516 0.39 (95%CI 0.05-2.8) p=0.3514

Table IV. Relative risk (RR) and odds ratio (OR) regarding the occurrence of second malignancies in patients with differentiated 
thyroid carcinoma (DTC) after treatment with radioiodine therapy (RIT).

*-EUCAN statistics for cancers [22]
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Discussion
DTC represents one of the most rapidly increasing 

neoplastic pathologies, a fact that imposes a requirement 
for a clear strategy for the establishment of precise 
diagnostic and interventional procedures. As a result of 
high survival rates at follow-up times of 10-20 years and 
rare aggressive outcomes, DTC treatment necessitates less 
harmful strategies to achieve the best patient quality of life. 
In this regard, the recent guidelines recommend a more 
conservative treatment approach (mainly related to low risk 
carcinomas) that avoids unnecessary radiation exposure 
using radioiodine therapy [23]; determination of the lowest 
most efficient dose is one of the key goals. In our more recent 
history there has been appreciable evidence underlining the 
role, played by ionizing radiation in the development of 
cancer; for example the malignant lesions that occurred as 
a result of the radiation fallout in Japan during the Second 
World War, and after the Chernobyl nuclear reactor accident 
among others. Accordingly, special attention is given to the 
potential development of cancer after irradiation, mainly 
in the case of thyroid cancers where the survival rates are 
high and the monitoring intervals extend over decades [24].

The RR and OR for the group of patients with DTC 
who developed a second tumor after RIT showed a statistically 
significant correlation for breast carcinoma (p<0.0001), 

uterine (p<0.0001) and ovarian cancers (p=0.0002), 
malignant melanoma (p=0.0351) and leiomyosarcoma 
(p=0.0021); however, there was no correlation regarding 
lung cancer (p=0.266) and gastric cancer (p=0.1027). It is 
interesting that even if lung carcinoma was the second most 
frequent tumor for both sexes in the region of reference, 
change in the incidence of this cancer in the patient groups 
after RIT was not significant. 

Many studies have already published data about 
the role of radioiodine in the development of second 
malignancies [10,12,21], but the present study refers to the 
analysis of low and medium activities, where the results 
show no correlation between the occurrence of second 
malignancies and the use of radioiodine (p=0.6228). These 
results might be an argument for trying to promote in daily 
practice, the use of lowest effective radioiodine dose and to 
have an individualized approach of each patient.

The analysis performed in the current study indicated 
that the occurrence of a second primary malignancy was 
strongly correlated with the presence of DTC, and was 
not caused by radiation carcinogenesis as a result of RIT. 
Considering that the most frequent pathologies were breast, 
uterine and ovarian cancers, the development of secondary 
primary cancers might be linked with endocrine and 
genetic predispositions, fact that requires further studies 

TYPE OF CANCER Second primary malignancy
 before DTC and RIT 

Second primary malignancy 
after DTC and RIT 

RR OR RR OR

Breast Cancer p<0.0001 p< 0.0001 p<0.0001 p< 0.0001

Uterine cancer p< 0.0001 p< 0.0001 p< 0.0001 p< 0.0001

Ovarian cancer p= 0.0002 p= 0.0002 p< 0.0002 p< 0.0002

Lung cancer p=0.0004 p=0.0004 p=0.2668 p=0.2669

Gastric Cancer p=0.002 p=0.002 p=0.1027 p=0.1028

Mal. melanoma p<0.0001 p<0.0001 p=0.0351 p=0.0351

Leiomyosarcoma p-0.0017 p-0.0017 p=0.021 p=0.0211

Table V. Comparative probability of the occurrence of second malignancies in the low and 
medium dose RIT groups.

Mean Standard deviation Standard error p*

Group 1  
(After RIT) 5.2 5.29 2.45 p=0.6228

Group 2 
(Before RIT) 7.4 7.89 3.52

Table VI. Student t-test applied to the two groups of patients (treated with low and medium 
dose radioiodine therapy with differentiated thyroid carcinoma (DTC) and second malignancies, 
before and after RIT.

* p<0.05 – statistically significant
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and researches. 

Conclusions
The overall risk regarding the development of 

second primary malignancies was found to be related to 
the presence of thyroid cancer, and had no correlation with 
the low and medium activities of radioiodine administered 
as adjuvant therapy for differentiated thyroid cancers 
(p=0.6228). The occurrence of breast, uterine and ovarian 
cancers as secondary malignancies requires further research 
to find possible correlations regarding the influence of the 
endocrine system.

References 
1. Elisei R, Molinaro E, Agate L, Bottici V, Masserini L, Ceccarelli 
C, et al. Are the clinical and pathological features of differentiated 
thyroid carcinoma really changed over the last 35 years? Study 
on 4187 patients from a single Italian institution to answer this 
question. J Clin Endocrinol Metab. 2010;95:1516-1527.
2. Pacini F, Schlumberger M, Dralle H, Elisei R, Smit JW, 
Wiersinga W, et al. European consensus for the management of 
patients with differentiated thyroid carcinoma of the follicular 
epithelium. Eur J Endocrinol. 2006;154:787-803.
3. Valachis A, Nearchou A. High versus low radioiodine activity 
in patients with differentiated thyroid cancer: a meta-analysis. 
Acta Oncol. 2013;52:1055-1061.
4. Gallicchio R, Giacomobono S, Capacchione D, Nardelli A, 
Barbato F, Nappi A, et al. Should patients with remnants from 
thyroid microcarcinoma really not be treated with iodine-131 
ablation? Endocrine. 2013; 44:426-433
5. Pedrazzini L, Baroli A, Marzoli L, Guglielmi R, Papini 
E. Cancer recurrence in papillary thyroid microcarcinoma: a 
multivariate analysis on 231 patients with a 12-year follow-up. 
Minerva Endocrinol. 2013;38:269-279.
6. Piciu D, Piciu A, Irimie A. Papillary thyroid microcarcinoma 
and ectopic papillary thyroid carcinoma in mediastinum: a case 
report. Clin Nucl Med.2012;37:214-215.
7. Piciu D, Piciu A, Irimie A. Thyroid cancer in children: a 20-year 
study at a Romanian oncology institute. Endocr J. 2012;59:489-
496.
8. McLeod DS, Sawka AM, Cooper DS. Controversies in 
primary treatment of low-risk papillary thyroid cancer. Lancet. 
2013;381:1046-1057.
9. Cheng W, Ma C, Fu H, Li J, Chen S, Wu S, et al. Low- or 
high-dose radioiodine remnant ablation for differentiated 
thyroid carcinoma: a meta-analysis. J Clin Endocrinol Metab. 
2013;98:1353-1360.
10. de Vathaire F. The carcinogenic effects of radioiodine 

therapy for thyroid carcinoma. Nat Clin Pract Endocrinol Metab. 
2008;4:180-181.
11. Green DM, Edge SB, Penetrante RB, Bakshi S, Shedd D, 
Zevon MA. In situ breast carcinoma after treatment during 
adolescence for thyroid cancer with radioiodine. Med Pediatr 
Oncol. 1995; 24:82-86.
12. Gilabert M, Prebet T. Acute leukemia arising after radioiodine 
treatment for thyroid cancer. Haematologica. 2012;97:28-29.
13. Henze M, Hittel JP. Mucoepidermoid carcinoma of the salivary 
glands after high dosage radiotherapy. Laryngorhinootologie. 
2001;80:253-256.
14. Klubo-Gwiezdzinska J, Van Nostrand D, Burman KD, Vasko 
V, Chia S, Deng T, et al. Salivary gland malignancy and radioiodine 
therapy for thyroid cancer. Thyroid. 2010;20:647-651.
15. Lang BH, Wong IO, Wong KP, Cowling BJ, Wan KY. Risk of 
second primary malignancy in differentiated thyroid carcinoma 
treated with radioactive iodine therapy. Surgery. 2012;151:844-
850.
16. Richards EM, Marcus RE. Acute promyelocytic leukaemia 
following radioiodine therapy. Clin Lab Haematol. 1993;15:55-58.
17. Roldan Schilling V, Fernandez Abellan P, Dominguez 
Escribano JR, Rivas Gonzalez C, Mut Barbera E, Calatayud 
Cendra R. Acute leukemias after treatment with radioiodine for 
thyroid cancer. Haematologica. 1998;83:767-768.
18. Schlumberger M, Cailleux AF, Suarez HG, de Vathaire F. 
Irradiation and second cancers. The thyroid as a case in point. C R 
Acad Sci III. 1999;322:205-213.
19. Rubino C, de Vathaire F, Dottorini ME, Hall P, Schvartz C, 
Couette JE, et al. Second primary malignancies in thyroid cancer 
patients. Br J Cancer. 2003;89:1638-1644.
20. Fallahi B, Adabi K, Majidi M, Fard-Esfahani A, Heshmat R, 
Larijani B, et al. Incidence of second primary malignancies during 
a long-term surveillance of patients with differentiated thyroid 
carcinoma in relation to radioiodine treatment. Clin Nucl Med. 
2011;36:277-282.
21. Sandeep TC, Strachan MW, Reynolds RM, Brewster DH, 
Scélo G, Pukkala E, et al. Second primary cancers in thyroid 
cancer patients: a multinational record linkage study. J Clin 
Endocrinol Metab. 2006;91:1819-1825.
22. Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, Rosso S, 
Coebergh JW, Comber H, et al. Cancer incidence and mortality 
patterns in Europe: estimates for 40 countries in 2012. Eur J 
Cancer. 2013; 49:1374-1403.
23. Haddad RI. New developments in thyroid cancer. J Natl 
Compr Canc Netw. 2013;11:705-707.
24. Brown AP, Chen J, Hitchcock YJ, Szabo A, Shrieve DC, 
Tward JD. The risk of second primary malignancies up to three 
decades after the treatment of differentiated thyroid cancer. J Clin 
Endocrinol Metab. 2008;93:504-515.


