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ABSTRACT 
Background
Radioactive iodine (131I) is often administered as part of the treatment for differentiated 
thyroid carcinoma (DTC). Short-term studies show a decrease in male fertility 
after administration of 131I, but long-term data are scarce. This study evaluated 
long-term male fertility after 131I for DTC, and compared semen quality before and  
after 131I administration.

Methods
This multicenter study involving males diagnosed with DTC was conducted at least 
two years after their final 131I treatment with a total cumulative dose of 131I equal to 
or higher than 100 mCi/3.7 GBq. Evaluation of fertility consisted of semen analysis, 
hormonal evaluation, and a fertility-focused questionnaire. Cut-off scores for ‘low 
semen quality’ were based on reference values of the general population as defined 
by the World Health Organization. 

Results
The 51 participants had a median age of 40.5 (interquartile range, IQR, 34.0-49.6) 
years upon evaluation, and a median follow-up of 5.8 (IQR 3.0-9.5) years after their 
last 131I administration. The median cumulative dose of 131I was 200.0 mCi/7.4 GBq. 
The proportion of males with a low semen volume, concentration, progressive motility, 
or total motile sperm count (TMSC) did not differ from the 10th percentile cut-off based 
on reference ranges of a general population (P=0.500, P=0.131, P=0.094, and P=0.500, 
respectively). However, a significantly and clinically relevant higher proportion of 
participants had semen concentration and motility below the 5th percentile (11.8% vs. 
5%, P=0.029 and 15.0% vs. 5%, P=0.006). The live birth rate before and after 131I were 
82.5% and 78.9%, respectively. Cryopreserved semen was used by one participant 
of the twenty who had preserved their semen. Median TMSC upon follow-up was 
significantly increased compared to TMSC upon semen preservation (121.2 vs. 66.9 
million, respectively. P=0.036); 66.7% of these participants were hypothyroid at 
the moment of preservation.

Conclusions
Although a minority of participants treated with 131I for DTC experienced long-term 
poor semen quality, most participants had a normal long-term semen quality. 
Cryopreservation of semen of males with DTC is not crucial for conceiving a child after 
131I administrations, but may be performed as a precaution.
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INTRODUCTION
After a total thyroidectomy, for the majority of patients treated for differentiated 

thyroid carcinoma (DTC) further treatment consists of administration of radioactive 

iodine (131I) (1). 131I destroys remaining thyroid (cancer) tissue, treats local or distant 

metastases, and/or decreases the chance of recurrence of DTC (2-4). Although 

increasing emphasis is being focused on the adverse effects on female fertility caused 

by administration of 131I (5-7), little research has been performed regarding its effect 

on fertility in males. 
131I treatment can affect male fertility in various ways, mediated by absorption of β 

and γ radiation (8, 9). 131I is excreted primarily through the urine (10), indirectly affecting 

the testes. Therefore, adequate hydration, frequent micturition, and prevention of 

constipation during 131I therapy are recommended to stimulate the excretion of 131I and 

thus prevent its accumulation near the testes (1, 9, 11, 12). In addition, expression of 

the sodium iodine symporter (NIS) has been found in germinal and Leydig cells, but 

whether the NIS facilitates the uptake of 131I in the testes is unknown (13). 

Damage to testicular cells induced by the administration of 131I probably causes 

transient subfertility, but not permanent infertility (9, 11, 12, 14-16). Studies up to 18 

months after 131I treatment show that administration of 131I causes a decreased semen 

quality, elevated levels of luteinizing hormone (LH) and follicle-stimulating hormone 

(FSH), and decreased levels of testosterone (T) (9, 11, 12, 14-18). However, previous 

studies have also shown that males treated with 131I for DTC were later able to conceive 

children (9, 19, 20). The short-term impairment of male fertility has been described 

as dose-dependent (11, 12, 14, 16). Overall, studies on long-term male fertility after 131I 

treatment are scarce.

These limited data seem to suggest that patients who receive multiple or high dose 

treatment may be at risk of permanent impairment of fertility. Fertility preservation 

has therefore been recommended for this group (1). 

The primary aim of this study was to evaluate long-term male fertility after 

administration of a high cumulative dose of 131I (equal to or higher than 100 mCi/3.7 

GBq) for DTC by evaluating semen quality, serum endocrine markers (free T, LH and 

FSH), and reproductive characteristics. The secondary aim was to compare semen 

quality before and after treatment with 131I.

MATERIALS AND METHODS
This multicenter study was initiated by the University Medical Center Groningen 

(UMCG) in the Netherlands. The institutional review board of the UMCG approved 

the protocol on behalf of all participating centers (file number 2016/685), including 

the Erasmus Medical Center, the Radboud University Medical Center, and 

the Leiden University Medical Center. The study was registered in the Netherlands 
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Trial Register, trial ID NL5966. All included patients signed written informed consent  
before participation.

Participants
To select eligible participants, we consulted local databases. All identified male 
patients with an attained age of 18 years or older, diagnosed with DTC as of January 
2000, who had been at least two years in follow-up since their final 131I treatment, 
and had had a total cumulative dose of 131I equal to or higher than 100 mCi/3.7 GBq, 
were eligible for inclusion. Participants were excluded if they used testosterone 
suppletion, chemotherapy, or anabolic steroids; if they had diseases or treatments 
potentially associated with impairment of semen quality (e.g. vasectomy or treatment 
with chemotherapy); if they were under treatment for active or widespread DTC; if 
they had received administrations of 131I only after use of recombinant human thyroid-
stimulating hormone (rhTSH); or if they had noncompliance of thyroid hormone 
substitution, resulting in several measurements of TSH >10 mU/L in the year before 
participation. If a participant had had a fever (body temperature higher than 38.5°C) 
in the three months before the scheduled semen analysis, the semen analysis was 
postponed. Participants were included from May 2017 to March 2019. 

Semen analysis
Participants were asked to abstain from ejaculation for a period of two to four days 
before participation. Semen samples were obtained through masturbation and were 
produced at the fertility departments of each participating center. Semen analysis took 
place within one hour after production. Semen analyses were performed according 
to the laboratory manual for the examination and processing of human semen of 
the World Health Organization, with additional guidelines provided by Björndahl et 
al. and Barrat et al. (21-23). We evaluated whether semen analyses were performed 
according to our protocol, and described protocol deviations. Semen samples were 
evaluated for pH, viscosity (scored as thin liquid, moderately viscous, or very viscous), 
volume (in mL), concentration (per mL), motility (percentage of rapid progressive 
forward, slow progressive forward, non-progressive, and immotile sperm cells), round 
cells (per mL), and morphology (percentage of sperm cells with normal morphology). 
Concentration and motility were evaluated in duplicate (200 sperm cells). Motility 
was assessed at a room temperature of 37°C, except for one center, where this was 
not possible for logistical reasons. Assessment of the percentage sperm of cells with 
a normal morphology was performed centrally in the UMCG according to Tygerberg 
criteria (24) and using Papanicolaou staining. 

Blood sampling and hormonal measurements
Blood was drawn from participants, and samples were stored in a -80°C environment. 
We asked participants to provide the serum samples before noon. All blood samples 
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were then centrally measured in the UMCG. LH, FSH, total and free T, albumin, sex 
hormone-binding globulin (SHBG), TSH, and free thyroxine (FT4) were measured in 
the samples.

LH, FSH, TSH, and FT4 were analyzed by electrochemiluminescent immunoassay 
on the Cobas 6000 immunoanalyzer (Roche Diagnostics, Almere, the Netherlands). 
The interassay coefficients of variation (interCV, %) were 3.6 to 2.3% at levels ranging 
from 1.86 to 72.63 U/L, 2.8 to 2.7% at levels 2.15 to 41.74 U/L, 2.0 to 1.9% at levels 0.52 
to 40.8 mU/L, and 4.2 to 4.5% at levels of 10.58 to 62.72 pmol/L, respectively. Plasma 
albumin was analyzed using the Bromocresol green method on the Cobas 6000 
chemistry analyzer. The interCV ranged from 2.0 to 1.6% at levels ranging from 27.4 
to 46.9 g/L. SHBG was analyzed by chemiluminescent microparticle immunoassay 
in serum on the Architect immunoanalyzer (Abbott Laboratories, Hoofddorp, 
the Netherlands). The interCV ranged from 5.91 to 2.29% at levels ranging from 5.46 
to 117.8 nmol/L. Total T was analyzed by LC-MS/MS. The interCV were 2.4 to 5.6% at 
levels of 0.29 to 49.2 nmol/L. Free T was calculated using the formula of Vermeulen 
(25) using the total T value, SHBG and albumin. Reference ranges of the assays are 
reported in the relevant tables.

Questionnaire
Each participant was asked to complete a questionnaire regarding general health 
(medical history, use of drugs, intoxications, height, and weight), reproductive health 
(diseases, professional or leisure activities associated with impaired male fertility), 
and reproductive characteristics (conceived pregnancies and outcomes, fertility 
treatment, and fertility preservation).

Medical records and results of other semen analyses
Consent to access medical records of the participants was obtained. Medical records 
were evaluated to obtain information about diagnostic, treatment, and follow-up 
characteristics. Additional consent was given to obtain information regarding semen 
analyses outside of the current study. If participants had preserved semen, information 
regarding the quality of the semen during preservation was collected.

Study definitions
Date of diagnosis was defined as the first histological confirmation of DTC. Age upon 
evaluation was defined as age at the moment of the semen analysis. Follow-up was 
defined as time from diagnosis or last 131I administration to semen analysis. The 8th 
edition of the American Joint Committee on Cancer (AJCC) tumor node metastasis 
scoring system was used (26). Total sperm count was defined as the product of 
the concentration and volume of the ejaculate. Total motile sperm count was 
defined as the product of the volume, concentration, and percentage of progressive 
spermatozoa of the ejaculate, divided by 100%.
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“Normal semen quality” has a wide range, and only having low semen quality will 
have clinical consequences. We determined cut-off values for having “low semen 
quality” based on the 10th percentile of the reference values of a general population of 
unscreened males for semen characteristics, provided by the World Health Organization 
(27). Based on this 10th percentile, a total motile sperm count below 10.6 million was 
considered as “low semen quality”. We considered a doubling of the proportion of 
males scoring below the 10.6 million cut-off value to be a clinically relevant finding (i.e. 
20% of the participants). The cut-off values for volume, concentration, progressive 
motility, and total sperm count were also based on the 10th percentile. 

Statistical analysis
Characteristics of participants, and treatment and outcome variables, were described 
using median and interquartile range (IQR), unless stated otherwise. In case of 
protocol violations these parameters were excluded from analysis. For our primary 
aim, we used a binomial test to evaluate whether the proportion of participants having 
a total motile sperm count below 10.6 million significantly differed from the proportion 
in the general population (10%) (27). The Clopper-Pearson binomial proportion 95% 
confidence interval (CI) was used to show estimated proportions. Thereby, we also 
evaluated whether the proportion of participants with a low volume, concentration, 
progressive motility, or total sperm count differed from the 10% in the general 
population. To evaluate whether results changed when we based the cut-off value on 
the 5th or 25th percentiles, we performed binomial tests with these cut-off values. 

Subsequently, using Mann-Whitney U tests we evaluated whether median values 
of age upon evaluation, body mass index (BMI), follow-up period since the last 131I 
administration, or the cumulative dose of 131I differed between the groups that scored 
below or above the 10th percentile cut-off value of semen parameters (volume, 
concentration, motility, and total motile sperm count) or between the participants 
who did or did not conceive children. We evaluated whether the proportion of 
participants scoring below cut-off values differed depending on whether they had 
undergone single or multiple administrations of 131I; for this we used Chi-square tests 
or Fisher’s exact tests (if more than 20% of the cells had an expected count below 5). 
We described results of the questionnaire regarding reproductive characteristics. 

We made paired comparisons between the median total motile sperm count upon 
semen cryopreservation and the median total motile sperm count during follow-up 
using a Wilcoxon signed-rank test. For this analysis, we evaluated only participants who 
cryopreserved semen before their first administration of 131I. If semen was preserved 
multiple times before 131I, we calculated the median total motile sperm count. A P 
value ≤0.05 was considered statistically significant. For statistical analyses, IBM SPSS 
Statistics version 23.0.0.3 for Windows (IBM, Armonk, NY, USA) and Microsoft Excel 
Professional Plus 2016 were used.
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RESULTS
Participants
We identified 236 males who met the inclusion criteria. Seventy-one males met one 
or more exclusion criteria. Most excluded males had undergone a vasectomy (n=25) 
or had a comorbidity interfering with their ability to participate, or they had a disease 
or treatment that impaired semen quality (n=24). Twenty-two males were excluded 
for other reasons. Of the 165 eligible males, 51 (30.9%) gave informed consent and 
completed their participation, see Supplementary Figure 1.

All 51 participants had the Dutch nationality. The median age of participants upon 
evaluation was 40.5 years (IQR 34.0 to 49.6). Participants were diagnosed at a median 
age of 33.7 years (IQR 26.9 to 39.8 years). Participants had a median BMI of 26.8 kg/m2 

(IQR 24.0 to 29.4 kg/m2, unknown in two participants). At the moment of evaluation one 
of the participants (2.0%) was an active smoker, 13 participants (25.5%) had previously 
smoked, and 32 participants (62.7%) had never smoked. The smoking status of five 
participants was unknown. Four participants reported having had an orchidopexy due 
to cryptorchidism. The orchidopexy was performed on both testes in three of these 
four participants. One participant reported having used anabolic steroids; his latest 
use had been three years before evaluation. One participant had been treated with 
testosterone during puberty to decrease his final height; he participated in the study 
at the age of 36.

Treatment and pathology characteristics
Treatment characteristics of the participants are shown in Table 1. All participants were 
treated with a total thyroidectomy, 32 of whom (62.7%) had a lymph node dissection. 
Most participants received one administration of 131I (n=26, 51.0%), and none of them 
had more than four 131I administrations. The median cumulative dose of 131I was 200.0 
mCi/7.4 GBq (IQR 150.0 to 300.0 mCi/5.6 to 11.1 GBq). Median follow-up since the last 
treatment with 131I was 5.8 years (IQR 3.0 to 9.5 years).

Papillary thyroid carcinoma was the most common histology type, with 49 (96.1%) 
cases. One participant (2.0%) had follicular thyroid carcinoma and one (2.0%) was 
diagnosed with Hürthle cell carcinoma. T2 and T3a/T3b were the most common tumor 
stages (n=20, 39.2% and n=18, 35.3%, respectively). Thirty participants (58.8%) had 
metastases of DTC to the regional lymph nodes, and three (5.9%) had lung metastases 
(Supplementary Table 1).

Semen analysis
None of the subjects reported having had a fever within three months before 
evaluation. The median abstinence period was four days (IQR 3 to 6 days). All samples 
were obtained through masturbation. Semen analysis took place within one hour 
after ejaculation for 46 (90.2%) participants. Semen samples were analyzed between 
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Table 1. Treatment Characteristics of Participants treated with Radioactive Iodine for Differentiated  

Thyroid Carcinoma

Characteristic Participants

n=51

Total thyroidectomy1, n (%) 51 (100.0)

Lymph node dissection accompanying thyroid surgery, n (%)
Only central 7 (13.7)

Only (bi)lateral 4 (7.8)

Central and (bi)lateral 21 (41.2)

None 19 (37.3)

Number of 131I administrations, n (%)
One administration 26 (51.0)

Two administrations 17 (33.3)

Three administrations 4 (7.8)

Four administrations 4 (7.8)

Dosage per 131I administration, mCi 150.0 (143.0-150.0)

Cumulative 131I dose, mCi 200.0 (150.0-300.0)

Follow-up since last 131I therapy, years 5.8 (3.0-9.5)

Follow-up since diagnosis, years 6.5 (3.9-11.0)

Numbers shown as median (interquartile range). Abbreviations: 131I, radioactive iodine. 1 15 participants (29.4%) had 

a total thyroidectomy in two tempi. 

one and two hours in four participants. Time to analysis can affect the motility of 
spermatozoa, but the progressive motility percentages did not significantly differ 
between semen samples analyzed within one hour and samples analyzed between 
one and two hours (P=0.447). Time to analysis was unknown in one participant. Semen 
characteristics of the participants are shown in Supplementary Table 2.  

The proportions of participants scoring below the 10th percentile cut-off point for 
volume, concentration, and progressive motile spermatozoa were 9.8%, 15.7% and 
17.5%, respectively (see Table 2). The binomial test showed that these proportions 
did not differ significantly from the 10% in the general population (P=0.500, P=0.131, 
and P=0.094, respectively) (27). The proportion of participants scoring below the 10.6 
million cut-off point for total motile sperm count was 10.0% (n=4). A binomial test 
showed that this proportion did not significantly differ from the 10% in the general 
population (P=0.500) (27). The proportion of participants with a total motile sperm 
count below 10.6 million was lower than the 20% that we defined as clinically relevant. 

When cut-off points for volume, concentration, progressive motility, total 
sperm count, and total motile sperm count were based on the 5th or 25th percentile 
of the general population, the proportion of males with low concentration (11.8% 
and 37.3%, respectively) and low progressive motility (15.0% and 37.5% respectively) 
was statistically significantly higher than the 5% or 25% in the general population 
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(P=0.029, P=0.006, P=0.031, and P=0.050). However, only for the 5th percentile 
cut-off value, the proportions of participants with low concentration and progressive 
motility were higher than the proportion of 10% that we considered clinically 
relevant (Supplementary Table 3). For volume, total sperm count, and total motile 
sperm count, the proportion of participants did not show statistically or clinically  
significant differences.

Evaluation of serum hormone levels
Hormonal evaluation was performed in 48 participants (Table 3). The median values of 
FSH, LH, total T, and free T were within reference values of the corresponding assays, 
except for the median value of total T for participants aged 50 years or older (9.7 
nmol/L, reference range 10.90 to 30.79 nmol/L). The median FT4 of 23.3 pmol/L was 
outside the reference range of 11.0 to 19.5 pmol/L.

Table 2. Semen Characteristics of 51 Participants treated with Radioactive Iodine for Differentiated Thyroid 

Carcinoma compared to the 10th Percentile of Reference Values based on a General Population1 

10th Percentile cut-off points Participants

n (%)

P Value 95% CI of estimated proportion

Volume, mL 0.5002

≥ 1.6 mL 46 (90.2)

< 1.6 mL 5 (9.8) [3.3 – 21.4%]

Concentration, x106 0.1312

≥ 17 million 43 (84.3)

< 17 million 8 (15.7) [7.0 – 28.6%]

Progressive motility3, percentage 0.0942

≥ 39% 33 (82.5)

< 39% 7 (17.5) [7.3 – 32.8%]

Total sperm count, x106 0.4262

≥ 27.2 million 45 (88.2)

< 27.2 million 6 (11.8) [4.4 – 23.9%]

Total motile sperm count3,4, x106 0.5002

≥ 10.6 million 36 (90.0)

< 10.6 million 4 (10.0) [2.8 – 23.7%]

P values in bold indicate a statistically significant difference (P < 0.05). Abbreviations: CI, confidence interval. 1 

Cut-off points were based on the 10th percentile of a general population, as described by Cooper TG et al., Human 

Reproduction update, 2010. 16(3): p. 231-245. 2 Binomial tests with the hypothesized proportion of 0.1. Clopper-Pearson 

binomial proportion confidence intervals are shown. 3 n=40; it was not possible to perform motility evaluations at 

a temperature of 37°C in one center, we excluded these cases from analysis (n=11). 4 Total motile sperm count is 

defined as the product of the cut-off values of the 10th percentile as defined by Cooper et al. for concentration, and 

percentage of progressive spermatozoa of ejaculate, divided by 100%.
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Characteristics associated with male fertility
The proportion of participants scoring above the 10th percentile cut-off value for 
volume had a higher median BMI than the proportion scoring higher than the cut-off 
value (27.1 vs. 22.2 kg/m2, P = 0.009). Participants who conceived children had a higher 
median age upon evaluation than participants who never conceived children (44.7 
vs. 33.6 years, P = 0.005). Other associations between participant or treatment 
characteristics and semen characteristics were not statistically significant (see 
Supplementary Table 4).

Reproductive characteristics
Of 51 participants, 50 completed the questionnaire. Thirty of these 50 participants 
(60.0%) reported having conceived a pregnancy. Three of the 50 participants (6.0%) 
reported having an unfulfilled desire to have (more) children, two due to the lack of 
a partner and one due to a miscarriage. Nine of the 50 participants (18.0%) reported that 
their desire to have children had changed because of their diagnosis and treatment of 
DTC. Some reported having (temporarily or permanently) put off conceiving; others 
reported having expedited conceiving.

Six of the 50 participants (12.0%) had previously visited a fertility clinic or physician 
for not being able to conceive naturally; three of them underwent fertility treatment 
and three never had a fertility treatment. One participant and his partner underwent 
in vitro fertilization and intracytoplasmic sperm injection treatments in the years after 
131I treatment. Another participant and his partner had intra uterine insemination (IUI) 
treatments. One participant did not specify the type of fertility treatment. 

Table 3. Hormonal Evaluation of Participants treated with Radioactive Iodine for Differentiated  

Thyroid Carcinoma

Hormone Participants

n=481

Reference 

range

median (IQR) range

Follicle-stimulating hormone, U/L 3.7 (2.9-5.9) 1.5-23.5 1.5-12.4

Luteinizing hormone, IU/L 4.9 (4.0-6.8) 2.6-11.9 1.7-8.6 

Total Testosterone, nmol/L 13.6 (9.8-16.7) 6.3-28.2 n.a.

<50 years old2 14.7 (10.6-17.1) 6.9-28.2 11.37-34.32

≥50 years old3 9.7 (9.3-15.0) 6.3-24.8 10.90-30.79

Free Testosterone, nmol/L 0.3 (0.2-0.4) 0.2-0.6 0.3-0.64

Thyroid-stimulating hormone, mU/L 0.5 (0.1-1.6) <0.1-7.7 0.5-4.0

Free thyroxine, pmol/L 23.3 (21.4-25.6) 18.3-32.4 11.0-19.5

Abbreviations: IQR, interquartile range and n.a., not applicable. 1 48 of 51 participants had a serum sample drawn.  
2 n = 37. 3 n = 11.
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An overview of conceived pregnancies and pregnancy outcomes before and after 
131I administrations is shown in Supplementary Figure 2. The live birth rate before 131I 
administration was 82.5%, and the live birth rate after 131I administration was 78.9%.  
None of the participants reported having fathered children with congenital 
malformations or major health problems.

Semen cryopreservation and longitudinal evaluation of semen quality
Semen cryopreservation was performed in 20/50 participants (40%). For one 
participant, it was unknown whether semen cryopreservation was performed. 
Participants had a median age of 32.4 years upon semen cryopreservation (IQR 23.6 to 
33.8 years, range 16.6 to 50.1 years). 

One participant (5.0%) reported having used his cryopreserved semen and 
having subsequent IUI treatments. Seventeen participants (85.0%) did not use their 
cryopreserved semen and two (10%) did not report their usage.

For the second aim of the study, we compared semen quality before and after 131I. 
We evaluated only the 15/20 participants in whom semen cryopreservation took place 
before their first administration of 131I. For these 15 participants, the median total motile 
sperm count significantly increased from 66.9 million at semen cryopreservation 
to 121.2 million (IQR 17.1 to 115.1 million and 48.4 to 204.6 million, P=0.036) upon 
follow-up after a median follow-up period of 4.1 years (IQR 3.1 to 6.4 years). Figure 1 
shows the individual changes in semen quality over time from the moment of semen 
cryopreservation to follow-up. Based on available TSH values, 10/15 participants were 
hypothyroid at the moment of semen cryopreservation, 3/15 were euthyroid, and for 
the remaining 2/15 TSH levels were not available at the time of semen cryopreservation.

We asked participants whether they found it important to be offered the possibility 
of semen preservation. 58% reported finding this very important, 18% found it fairly 
important, 18% had a neutral opinion, and 4% found it not important at all. One 
participant did not answer this question.

DISCUSSION
The current study assessed long-term male fertility after treatment with a high dose of 
131I for DTC evaluating semen quality, hormone levels, and reproductive characteristics. 
A relatively small number of participants treated with 131I for DTC had long-term poor 
semen quality, depicted by the higher number of participants who had semen motility 
and concentration below the cut-off value based on the 5th percentile of a general 
population (27). No statistically or clinically relevant differences in proportions were 
seen between the participants and the general population, based on the 10th or 25th 
percentile for having low semen quality. Ultimately, the clinical consequences of 
this finding may be limited since we found no detrimental effects on reproductive 
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characteristics. The evaluation of LH, FSH, total T, and free T did not show clinically 
relevant abnormalities. 

Evaluated after a median of five years after their final treatment with 131I, the normal 
male fertility in the majority of current survivors seems to confirm the prospect of 
recovery of parameters of male fertility over time, as also indicated by other studies. 
Previous studies evaluating semen quality or the functioning of the testes had 
a follow-up to a maximum of 18 months (11, 12, 14-18). All studies reported transient 
damage of male fertility. Some reported normalization of parameters over time; 
others found a persistent disturbance upon 12 or 18 months of follow-up, especially 
in patients treated with higher or multiple administrations of 131I (14, 16), suggesting 
a dose-dependent effect (11, 12, 14, 16). However, this effect was confirmed neither in 
the current study nor a previous study (18). 

By defining various cut-off values for low semen quality, we were able to detect 
subtle disturbances in semen quality of males treated with DTC as we found that there 
were more participants with poor semen motility and concentration in the lower 
range. No predictors for poor semen quality were identified. No relation between BMI 
and semen volume has previously been described (28), our results might be explained 
by a multiple testing effect.

The fact that we did not find a dose-dependent relationship between 131I 
and impairment of male fertility may be explained by our long-term follow-up. 
The increase of semen quality after treatment is the result of spermatogenesis: self-
renewal and differentiation of spermatogonial stem cells into new spermatozoa (29). 
The magnitude of damage caused to the testes by radiation depends on several factors, 
such as radiation dose, the number of doses, and the surface of the testes exposed to 
the radiation (30). The duration of recovery of male fertility increases when the damage 
caused by radiation is greater (16). In the current study, the long-term follow-up 
period apparently allowed for continued spermatogenesis in most participants with 
subsequent normal findings.

A low usage rate of the cryopreserved semen, as in our study, was previously 
described in a study evaluating the usage rate of cryopreserved semen in males treated 
for various cancer types (31). Possible explanations for this low usage rate may be that 
males do not use their preserved semen because they have conceived naturally, but 
it may also indicate a change in the wish to conceive children. Considering the age of 
the participants, future use of cryopreserved semen can, however, not be ruled out.

The reported reproductive characteristics did not show major abnormalities in 
the 12% of participants who sought medical assistance for not being able to conceive. 
This number is comparable to other couples In the Netherlands (32). Thereby, live 
birth rate before and after 131I administration did not differ.

The management guidelines of the American Thyroid Association state that semen 
preservation can be considered for men who receive cumulative 131I doses of more than 
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400 mCi (1). Current Dutch guidelines recommend discussing semen cryopreservation 
with all males to be treated with 131I (33). Based on current and previous results, no 
firm evidence indicates that fertility preservation in males is necessary for conceiving  
a child after treatment with 131I for DTC. However, semen cryopreservation can 
be performed as a precaution, considering the higher occurrence of low semen 
quality after long-term follow-up in some males. Another reason to perform 
semen cryopreservation may be that the patient in question has a desire to have 
children sooner after 131I treatment. One additional argument to continue semen 
preservation in males treated with 131I may be the slight (but significant) elevation 
of numerical chromosomal aberrations in spermatozoa still observed one year after 
131I administration, with its initial peak at three months after 131I administration (15). 
Theoretically, such chromosomal aberrations can affect fecundity and offspring, but 
to date there is no proof that that this clinically affects males treated with 131I for DTC, 
as congenital malformations or health defects were not associated with children 
fathered by patients treated with 131I for DTC in the current or previous studies (9, 20). 

Our data indicate that the impairment in semen quality caused by hypothyroidism 
is more relevant than possible long-term impairment of semen quality caused by 131I. 
If semen is cryopreserved, a euthyroid state of the patient would provide semen of 
optimal quality (34). However, since cryopreserved semen is usually applied in an 
assisted reproduction procedure, preservation of semen with a suboptimal quality is 
also acceptable.

Strengths and limitations
This is the first study to evaluate a broad range of aspects of male fertility after 
a long-term follow-up period subsequent to administration of 131I for DTC. We 
specifically focused on males treated with a relatively high cumulative dose of 131I. 
A limitation of this study was the lack of a control group. Although the reference 
ranges used to compare current results are also currently used in daily practice, it 
would be preferable to have a comparison or control group. By defining several cut-off 
values for our analysis, we avoided basing our results on an arbitrary cut-off point. 
The number of centers eligible to participate in the current study was restricted by 
the fact that not all laboratories were able to perform semen analyses according to 
our protocol. This subsequently limited the number of participants. To provide highly 
accurate data, we excluded results that were not acquired according to the protocol. 
This resulted in the inclusion of fewer participants for the analysis of some parameters

In conclusion, administration of 131I for DTC does not impair long-term male 
fertility in the majority of the patients. However, cryopreservation of semen before 
administration of 131I for DTC should be discussed with all male patients treated with 
a dose of 100 mCi or more, since we could not identify clear risk factors for impaired 
semen quality. Therefore selection of males for fertility preservation is not possible. 
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SUPPLEMENTARY DATA

Supplemental Figure 1. Flowchart of inclusion. Abbreviations: DTC, differentiated thyroid carcinoma; 

rhTSH, recombinant human thyrotropin; RAI, radioactive iodine. 1 All identified males aged 18 to 60 years 

old, diagnosed with differentiated thyroid carcinoma, treated with a cumulative dose of radioactive iodine 

≥100 mCi/3.7 GBq and at least two years after their last treatment with radioactive iodine. 2 Comorbidities: 

malignancy or current or previous treatment with drugs impairing fertility (n=16), erectile dysfunction 

(n=3), psychiatric disorder interfering with ability to participate (n=2), spinal cord injury/paraplegia (n=1), 

treatment with testosterone (n=1), mentally disabled (n=1). 3 Decision physician: vulnerable patient (n=3), 

non-compliant to therapy (n=1).
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Supplemental Figure 2. Overview of number of conceived pregnancies and pregnancy outcomes before 

and after treatment with a cumulative dose of at least 100 mCi of radioactive iodine (RAI) in 50 males 

diagnosed with differentiated thyroid carcinoma. For one participant who conceived two pregnancies, 

it was unknown if the pregnancies were conceived before or after RAI treatments. No participants 

reported having fathered children with congenital malformations or major health problems. One out of 

51 participants did not report on his conceived pregnancies.
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Supplemental Table 1. Pathology Characteristics of Male Participants treated with Radioactive Iodine for 

Differentiated Thyroid Carcinoma

Characteristic Participants

n=51

Histology, n (%)
Papillary 49 (96.1)

Classical variant 31

Follicular variant 9

Tall cell variant 1

Diffuse sclerosing variant 1

Other1 2

Unknown 5

Follicular 1 (2.0)

Minimally invasive variant 1

Hürthle cell carcinoma 1 (2.0)

Primary tumor size2, mm 28.0 (19.3-49.5)

Multifocality, n (%)
Yes 26 (51.0)

No 25 (49.0)

Extranodal growth of lymph nodes3

Yes 9 (17.6)

No 10 (19.6)

Unknown 11 (21.6)

Tumor node metastasis stage, n (%)
T stage

T0 1 (2.0)

T1a 6 (11.8)

T1b 5 (9.8)

T2 20 (39.2)

T3a 16 (31.4)

T3b 2 (3.9)

Tx 1 (2.0)

N stage

N0 21 (41.2)

N1 1 (2.0)

N1a 3 (5.9)

N1b4 26 (51.0)

M stage

M0 48 (4.1)

M15 3 (5.9)

Primary tumor size shown as median (interquartile range).
1 Mixed classical and follicular (n=1), Warthin-like subtype of papillary thyroid carcinoma (n=1). 2 n=48; tumor size was 

unknown in three patients. 3 n=30; no malignant lymph nodes were present in 21 patients. 3 In one patient, a lymph 

node metastasis was found upon reviewing pathology after a parathyroidectomy, therefore N1b. No lymph node 

dissection was performed. 5 All participants with distant metastases had metastases to the lungs.
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Supplemental Table 2. Semen Characteristics of Participants treated with Radioactive Iodine for Differentiated 

Thyroid Carcinoma

Semen Characteristic Participants

n=51

50th percentile of the General 

Population1

pH of semen 7.7 (7.5-8.0) -

Viscosity, n (%) -

Thin liquid 36 (70.6)

Moderately viscous 12 (23.5)

Very viscous 2 (3.9)

Unknown 1 (2.0)

Volume, mL 3.6 (2.7-4.5) 3.2

Concentration, x106/mL 49.0 (26.6-90.0) 64

Motility2, percentage
Grade A3 35.5 (12.3-53.8) 57 (A+B)

Grade B4 8.5 (2.3-28.8)

Grade C5 3.0 (1.0-5.0)

Grade D6 42.5 (32.8-52.5)

Total sperm count, x106 191.7 (71.6-357.0) 196

Total motile sperm count2,7, x106 116.1 (44.4-172.4) 116.7

Round cells8, x106/mL 0.5 (0.2-1.5) -

Morphology9, percentage normal 8.5 (5.8-11.0) -

Numbers are shown as median (interquartile range). Assessment of motility and total motile sperm count shown 

for 40 participants; in one laboratory, evaluation of motility at 37°C was not possible. 1 As described by Cooper TG et 

al., Human Reproduction update, 2010. 16(3): p. 231-245. 2 n=40; in one laboratory, evaluation of motility at 37°C was 

not possible and these cases were excluded from this analysis (n=11). 3 Rapid progressive forward. 4 Slow progressive 

forward. 5 Non-progressive. 6 Immotile. 7 Total motile sperm count is defined as the product of the cut-off values of 

the 10th percentile as defined by Cooper et al. for concentration, and percentage of progressive spermatozoa of 

the ejaculate, divided by 100%. 8 n=39; presence of round cells was unknown in 12 participants. 9 n=50; this parameter 

could not be evaluated in one participant, since only a very low number of immotile spermatozoa were present in 

the ejaculate.
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Supplemental Table 3. Semen Characteristics of 51 Male Participants treated with Radioactive Iodine for 

Differentiated Thyroid Carcinoma, compared to the 5th and 25th Percentile of Reference Ranges based on 

a General Population1 

Cut-off points Participants

n (%)

P Value 95% CI of  

estimated proportion

5TH PERCENTILE

Volume, mL 0.4872

≥ 1.2 mL 49 (96.1)

< 1.2 mL 2 (3.9) [0.5 – 13.5%]

Concentration, x 106 0.0292

≥ 9 million 45 (88.2)

< 9 million 6 (11.8) [4.4 – 23.9%]

Progressive motility3, percentage 0.0062

≥ 31% 34 (85.0)

< 31% 6 (15.0) [5.7 – 29.8%]

Total sperm count, x106 0.4872

≥ 10.8 million 49 (96.1)

< 10.8 million 2 (3.9) [0.5 – 13.5%]

Total motile sperm count3,4, x106 0.5002

≥ 3.3 million 38 (95.0)

< 3.3 million 2 (5.0) [0.6 – 16.9%]

25TH PERCENTILE

Volume, mL 0.3435

≥ 2.2 mL 40 (78.4)

< 2.2 mL 11 (21.6) [11.3– 35.3%]

Concentration, x 106 0.0315

≥ 36 million 32 (62.7)

< 36 million 19 (37.3) [24.1 – 51.9%]

Progressive motility3, percentage 0.0505

≥ 49% 25 (62.5)

< 49% 15 (37.5) [22.7 – 54.2%]

Total sperm count, x106 0.4045

≥ 79.2 million 37 (72.5)

< 79.2 million 14 (27.5) [15.9 – 41.7%]

Total motile sperm count3,4, x106 0.4285

≥ 38.8 million 31 (77.5)

< 38.8 million 9 (22.5) [10.8 – 38.5%]

P values in bold indicate a statistically significant difference (P < 0.05). Abbreviations: CI, confidence interval. 1 Cut-off 

points were based on the 5th and 25th percentile of a general population, as described by Cooper TG et al., Human 

Reproduction update, 2010. 16(3): p. 231-245. 2 Binomial test with the hypothesized proportion of 0.05. 3 n=40; in one 

laboratory, evaluation of motility at 37°C was not possible and these cases were excluded from this analysis (n=11). 
4Total motile sperm count is defined as the product of cut-off values of the 10th percentile as defined by Cooper et al. 

for concentration, and percentage of progressive spermatozoa of the ejaculate, divided by 100%. 5 Binomial test with 

the hypothesized proportion of 0.25. Clopper-Pearson binomial proportion confidence intervals are shown.
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Supplemental Table 4. Associations between Treatment and Semen Characteristics in Participants treated 

with Radioactive Iodine for Differentiated Thyroid Carcinoma 

Volume <10th 

percentile

n = 5

Volume ≥10th 

percentile

n = 46

P Value

Age upon Evaluation, years 49.6 (34.9-55.0) 40.4 (33.8-48.6) 0.2411

Body mass index2, kg/m2 22.2 (19.5-24.7) 27.1 (24.4-29.9) 0.0091

Follow-up since last RAI treatment, years 10.5 (4.3-16.0) 5.6 (3.0-8.5) 0.1281

Cumulative RAI dose, mCi 300.0 (175.0-411.2) 200.0 (149.7-300.0) 0.2381

Number of RAI administrations, n (%) 0.6683

Single administration 2 (40.0) 24 (52.2)

Multiple administrations 3 (60.0) 22 (47.8)

Concentration <10th 

percentile

n = 8

Concentration ≥10th 

percentile

n = 43

P Value

Age upon Evaluation, years 34.4 (28.9-42.2) 42.0 (36.1-49.6) 0.1141

Body mass index2, kg/m2 25.3 (23.4-27.8) 27.1 (24.2-30.2) 0.3581

Follow-up since last RAI treatment, years 6.1 (2.3-11.3) 5.8 (3.5-9.5) 0.9171

Cumulative RAI dose, mCi 299.0 (212.5-421.5) 200.0 (148.6-300.0) 0.1311

Number of RAI administrations, n (%) 0.1403

Single administration 2 (25.0) 24 (55.8)

Multiple administrations 6 (75.0) 19 (44.2)

A+B Motility <10th 

percentile

n = 7

A+B Motility ≥10th 

percentile

n = 33

P Value

Age upon Evaluation, years 43.0 (34.7-46.7) 37.2 (33.1-44.9) 0.5331

Body mass index2, kg/m2 27.2 (23.3-32.1) 25.9 (24.3-28.4) 0.9851

Follow-up since last RAI treatment, years 3.5 (2.1-4.6) 5.7 (3.0-7.2) 0.1051

Cumulative RAI dose, mCi 300.0 (200.0-300.0) 200.0 (149.0-300.0) 0.1901

Number of RAI administrations, n (%) 0.4073

Single administration 2 (28.6) 18 (54.5)

Multiple administrations 5 (71.4) 15 (45.5)

Total motile 

sperm count 

<10th percentile

n = 4

Total motile 

sperm count 

≥10th percentile

n = 36

P Value

Age upon Evaluation, years 38.1 (25.0-52.7) 38.1 (33.5-45.3) 0.8221

Body mass index2, kg/m2 24.3 (21.5-27.1) 27.0 (24.2-28.8) 0.1991

Follow-up since last RAI treatment, years 4.1 (2.2-6.2) 5.0 (2.9-7.3) 0.3921

Cumulative RAI dose, mCi 299.0 (224.5-300.0) 200.0 (150.0-300.0) 0.4391
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Supplemental Table 4. (continued)

Total motile 

sperm count 

<10th percentile

n = 4

Total motile 

sperm count 

≥10th percentile

n = 36

P Value

Number of RAI administrations, n (%) 0.6053

Single administration 1 (25.0) 19 (52.8)

Multiple administrations 3 (75.0) 17 (47.2)

Ever conceived 

child(ren)

n = 30

Never conceived 

child(ren)

n = 20

P Value

Age upon Evaluation, years 44.7 (37.1-49.8) 33.6 (26.0-45.5) 0.0051

Body mass index2, kg/m2 27.1 (23.9-29.8) 25.4 (24.1-29.4) 0.7761

Follow-up since last RAI treatment, years 6.6 (3.7-10.4) 4.6 (2.5-6.4) 0.1781

Cumulative RAI dose, mCi 199.9 (142.8-300.0) 293.0 (150.0-340.5) 0.1061

Number of RAI administrations, n (%) 0.2484

Single administration 17 (56.7) 8 (40.0)

Multiple administrations 13 (43.3) 12 (60.0)

Numbers are shown as median (interquartile range). For A+B motility (progressively motile spermatozoa) and total 

motile sperm count n=40; in one laboratory, evaluation of motility at 37°C was not possible and these cases were 

excluded from this analysis (n=11). P values in bold indicate a statistically significant difference (P < 0.05).

Abbreviations: RAI, radioactive iodine.
1 Mann-Whitney U test. 2 n=49; one participant did not complete the questionnaire; one did not report his current 

weight. 3 Fischer’s Exact test. 4 Pearson Chi-Square test (Asymptotic Significance).
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