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ABSTRACT

Introduction: Childhood radiation exposure is a known risk factor for thyroid malignancy and
dysfunction. However, local data are limited and there is no consensus on the modality and frequency of
screening in this high-risk group.

Methods: Retrospective analysis study evaluating patients with childhood radiation exposure in
2006-2016 and minimum of 1-year follow-up.

Results: Of the 132 childhood cancer survivors in the study, thyroid malignancy was detected in 2 cases
(1.5%) and thyroid nodules in 13 (9.8%). The earliest thyroid malignancy was detected 5 years
post-radiotherapy via ultrasound. Of the 84 patients who had screening thyroid function test, 26 (31.0%)
were detected with abnormal test results post-radiation, majority being subclinical hypothyroidism.

Conclusion: Regular screening via clinical examination for thyroid nodules should be performed at least
annually. Where feasible and if resources permit, consideration should be given to using ultrasound for
thyroid nodule(s) and malignancy screening at 5 years post-radiation therapy. Screening for thyroid
dysfunction can be considered from 6-12 months post-radiotherapy.
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INTRODUCTION

The incidence of thyroid cancer has been steadily
increasing worldwide. Childhood radiation exposure is
a known risk factor for thyroid malignancy. However,
data on the incidence of thyroid cancer in this high-risk
cohort in Singapore are limited. Thus, we assessed data
from patients treated in our institution with a history
of childhood radiation exposure over a 10-year period
to ascertain the prevalence of thyroid nodules and
malignancy, as well as the time interval to the
development of thyroid nodules/malignancy and
thyroid disease.

Background

Multiple previous studies have shown that childhood
radiation exposure is a risk factor for the development
of thyroid malignancy with a summary excess relative
risk of 7.7 for every 100 centigray (cGy) of radiation,
up to 3,000cGy."*!"” However, there is a lack of high
grade evidence to indicate if early detection of thyroid
malignancy improves the quality of life or event-free
survival rates in these patients. Hence, there is currently
no strong recommendations in the 2015 American
Thyroid Association (ATA) regarding thyroid nodule/
cancer screening in this high-risk group.* The current
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CLINICAL IMPACT

What is New

® This retrospective study highlights the
prevalence of thyroid malignancy and dysfunction in
a high-risk group of childhood cancer survivors.

® The study describes the earliest time to
development of post-radiation exposure thyroid
malignancy or thyroid dysfunction.

Clinical Implications

® The data in this study can assist in the
development of guidelines for the screening and
early detection of thyroid malignancy and
dysfunction post-radiation exposure in childhood

in Singapore.

® This study highlights the importance of regular
screening for potential thyroid malignancy or
hormonal dysfunction post-radiation exposure in
childhood.

® Ultrasound is recommended over palpation to
screen patients for thyroid malignancy.

suggestion is for annual clinical examination and the
panel “can neither recommend for nor against
routine screening ultrasound until more data become
available”. The 2016 American Association of
Clinical Endocrinologists (AACE), American College
of Endocrinology (ACE) and Associazione Medici
Endocrinologi (AME) have recommended more
aggressive measures of performing thyroid ultrasound
in a patient with risk factors even when the results of
palpation are normal.’ They have listed a history of
head and neck irradiation as a feature suggesting
increased risk of malignant potential.’ However, they
have also not given a latency time post-radiotherapy
to start screening this high-risk group, nor a
recommendation regarding the interval frequency to
perform ultrasound.

Local data on the incidence of thyroid malignancy
in childhood cancer survivors with previous radiation
exposure are non-existent. Thus, we assessed data from
this high-risk population over a 10-year period (2006—
2016) to ascertain the incidence of thyroid nodules and
malignancy, the time interval to the development of
thyroid nodules or malignancy, and the development of
hypothyroidism after radiation exposure.

METHODS
Subjects

After obtaining approval from our institutional review
board, our team conducted a retrospective analysis of
the medical records of 212 patients who received
radiotherapy below the age of 20 in 2006-2016. Clinical
details such as age, sex, radiation dosages, past history
of malignancy, family history of thyroid malignancy
or cancer syndromes, treatment, histology findings and
image reviewing were collected.

For inclusion in the study, patients had to have
undergone radiation exposure for a childhood primary
malignancy with a minimum follow-up duration of
at least 1 year post-radiation treatment. Of the 212
patients, 132 patients were included and 80 did not
meet the study requirement. Of the excluded patients,
68% were foreigners who were lost to follow-up. The
remaining patients had not been followed up for 1 year
yet at the time of data collection.

Clinical follow-up

Currently, there are no clear national guidelines in
Singapore for the surveillance of thyroid nodules or
thyroid dysfunction in patients who have undergone
radiation exposure. Patients were reviewed by their
primary treating physicians for underlying malignancy,
and surveillance imaging was ordered as per routine
clinical guideline specific for the underlying malignancy.
In our institution, clinical examination of the thyroid
gland was done annually at clinical review where
possible. Screening neck ultrasound was performed
2 years post-radiation exposure and follow-up neck
ultrasound was conducted every 2 years or earlier if
thyroid nodule(s) were detected. Screening neck
ultrasound was done regardless of presence or absence
of palpable nodules. If any thyroid nodules were
detected, the following features were reported including
size, composition, echogenicity, shape, margin, presence
of echogenic foci and internal vascularity. Thyroid
Imaging Reporting and Data System (TIRADs) score
was not reported. Screening thyroid function tests
(TFTs) were left to the discretion of the primary
physician. From 2016, asymptomatic patients had
screening TFT 1 year post-radiation and annually
thereafter. TFTs were performed earlier in patients
who exhibit symptoms or signs suggestive of thyroid
dysfunction. Repeat TFT is performed during the
next follow-up if an abnormal TFT is detected,
depending on how abnormal the initial results were.
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Clinical outcomes

We aim to assess the adverse clinical outcome of
thyroid malignancy arising from childhood radiation
exposure. As some of the patients with thyroid nodules
may have occult thyroid malignancy, we have included
these patients in the data analysis. Records were
reviewed until 31 December 2018. We reviewed
available imaging modalities including ultrasound,
computer tomography, X-ray, positron emission
tomography and magnetic resonance imaging for
thyroid nodules. Medical records were reviewed for
thyroid nodule evaluation and malignancy treatment.

Fine needle aspiration was performed if the thyroid
nodule(s) had the following characteristics, including
sizemore than 1cm, irregular margins, microcalcifications,
abnormal cervical lymph nodes, taller than wide,
extrathyroidal extension or diffusely infiltrative
enlargement of the thyroid lobe. For patients with
Bethesda 3—4 cytology results, we followed the 2015
ATA recommendation of hemithyroidectomy in view
of the increased probability of malignancy in children.*
In patients with non-diagnostic cytology results, we
would repeat fine needle aspiration in 3 months.

Treatment response for thyroid cancer was in
accordance to the 2015 ATA guidelines.

All TFTs were processed at our institution laboratory
using Beckman DXI 680 assay. TFTs measuring the free
thyroxine levels (T4) and thyroid-stimulating hormone
(TSH) done during the study period were reviewed and
categorised in the following subgroups: (1) primary
hypothyroidism (low free T4<8.0pmol/L, elevated
TSH>4.5mIU/L), (2) central hypothyroidism (low free
T4<8.0pmol/L, inappropriately normal 0.45-4.5mlIU/L
or low TSH<0.45mIU/L), and (3) Sub-clinical
hypothyroidism (normal free T4 8.0—16.0pmol/L, high
TSH>4.5mIU/L).

Statistical methods

Continuous data were presented as median and ranges
for each variable. The data were not normally distributed.

Table 2. Distribution of radiation site

Table 1. Characteristics of study patients at baseline

Patients N=132
Female, n (%) 47 (36)
Male, n (%) 85 (64)

Age when first received radiotherapy (years),

median (range) 13.5 (1.4-19.9)

Follow-up duration (years), median (range) 4.62 (1.02-12.15)

Dose in cGy, median (range) 2250 (200—6996)

Prevalence of thyroid cancer, n (%) 2(1.5)

Prevalence of thyroid nodules, n (%) 13 (9.8)

The chi-square test was used to compare proportions,
and Mann-Whitney U Test was used to compare
median. Analysis was performed using SPSS Statistics
software version 18.0.1 (IBM, Armonk, US). A value
of P<0.05 was considered statistically significant.

RESULTS

Baseline clinicopathological characteristics

Patients were predominantly male (64%), with a median
follow-up duration of 4.62 years (range 1.02-12.15
years) (Table 1).

Most patients had total body irradiation/total nodal
irradiation/craniospinal irradiation (44.0%); 31.8%
had radiation to the head and neck region; 10.6% had
radiation to the thorax; and 8.3% had radiation to the
abdomen/pelvis (Table 2).

Of the 132 patients, 71 (53.8%) had a primary
haematological malignancy; 22.0% had primary central
nervous system malignancy; and 16.6% had primary
musculoskeletal malignancy. None of the patients had a
family history of thyroid malignancy nor familial cancer
syndromes such as Li-Fraumeni syndrome or Cowden
syndrome.

The 80 patients who were excluded from the study had
radiotherapy with a median dose of 2,130cGy (range

Radiation site n %

Total body irradiation/ total nodal irradiation/ craniospinal irradiation 58 44.0%
Head and neck/ central nervous system 42 31.8%
Thorax 14 10.6%
Abdomen/ pelvis 11 8.3%
Extremity 7 5.3%
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200-5,940cGy), comparable to the 2,250cGy dose
(range 200-6,996cGy) (P=0.881) received by the 132
included patients. There was no significant difference
in the age of the 132 patients in the study (median age
13.5 years, 1.4-19.9 years) compared to the 80
excluded patients (median age 11.2 years, 0.6-19.4
years) (P=0.057). Of the excluded subjects, 33.8% had
total body irradiation/total nodal irradiation/craniospinal
irradiation, 31.2% had head/neck region radiation,
13.8% had thorax radiation, 8.7% had radiation to
abdomen/pelvis and the remainder 12.5% had radiation
to the extremities. We believed that the conclusions
drawn from the participants included in study can be
applicable to patients with radiation exposure for the
treatment of childhood malignancy.

Clinical outcome during follow-up

In the 132 childhood cancer survivors in the study, the
incidence of thyroid nodules is 9.8% (13/132 cases)
and incidence of thyroid malignancy is 1.5% (2/132
cases). If we only screened patients who received
radiotherapy to the total body, head and neck or thorax
region, the incidence of thyroid nodules and malignancy

Table 3. Details of patients with thyroid malignancy

would be higher at 11.4% (13/114 cases) and 1.75%
(2/114 cases), respectively.

Table 3 provides the details of the 2 patients diagnosed
with papillary thyroid cancer (PTC). Of note, both
patients had acute lymphoid leukaemia and underwent
bone marrow transplant with total body irradiation.

Table 4 shows a comparison of patients who
developed thyroid nodules or malignancy compared to
those who did not.

Fig. 1 indicates the proportion of thyroid dysfunction.
Of the 132 patients included in the study, 13 patients
had thyroid dysfunction prior to radiotherapy.
Post-radiotherapy TFT in 6 of these patients had
normalised, while 7 patients continued to have
abnormalities—6 with central hypothyroidism and 1
with subclinical hypothyroidism. Five patients with
central hypothyroidism had primary brain malignancy.

Of the remaining 119 patients with normal thyroid
hormone status prior to radiation therapy, 84 had
screening TFT. Twenty-six of these screened (31.0%)
were detected with abnormal test results post-radiation,
mainly subclinical hypothyroidism (24/26), whereas

Patient 1

Patient 2

Sex Male
Primary malignancy

Site of radiation

Total dose of radiation (cGy) 1200
Age when received radiotherapy (years old) 11
Latency period from radiotherapy to diagnosis 9

of thyroid cancer (years)
Type of thyroid cancer

Indication for ultrasound thyroid

Acute lymphoid leukaemia

Total body irradiation

Papillary thyroid cancer

Tuberculosis lymphadenitis

Male

Acute lymphoid leukaemia
Total body irradiation
1200

5

5

Papillary thyroid cancer

Surveillance

Ultrasound findings

FNA cytology

Histology

TNM staging

Treatment

1.6x1.2x1.0cm isoechoic thyroid nodule with
irregular margins and microcalcifications.
Bilateral cervical lymphadenopathy

Atypia Follicular Lesion of Undetermined
Significance (Bethesda Class III)

Multifocal PTC with largest 1.5cm with
extra-thyroidal extension and vascular invasion

Stage 1 TIbN1bMO

Right hemithyroidectomy followed by
completion left thyroidectomy
RAI 30mCi

1.9x1.6x1.3cm heterogenous nodule
with irregular margins

Suspicious for PTC (Bethesda V)
Multifocal PTC with lymphovascular
invasion and extrathyroidal extension

Stage 1 TINOMx

Total thyroidectomy
RAI 30mCi

FNA: fine needle aspiration; PTC: papillary thyroid cancer; RAI: radioiodine; TNM: tumour, nodes and metastases
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Table 4. Comparison of patients with thyroid nodules or malignancy versus no thyroid nodules

Thyroid nodules/malignancy No thyroid nodules P value
n=13 n=119
Time post-radiotherapy to detection of noules, 14-122 = =
months (range)
Radiation dose cGy, median (range) 3000 (200-6000) 3000 (200-7996) 0.606
Euthyroid patients, n 6 52 0.09
Hypothyroid patients, n 7 19 0.09
Site of radiation
TBI, n (%) 7(12) 51 (88)
Head/neck radiation, n (%) 4(9.5) 38 (90.5)
Thorax, n (%) 2(14) 12 (86)
Abdomen/ pelvis, n (%) 0 18 (100)
TBI: total body irradiation
s N
Post-radiation
Thyroid
Dysfunction
\ J
|
| | |
4 ) 4 ) 4 )
TFT not
TFT abnormal TFT normal
screened
26 (21.8% 58 (48.7%
35 (29.5%) ( ‘) ( )
. J . I J . J
| | |
4 N\ 4 N\ 4 N\
Primar Central . s
Y o Subclinical
hypothyroidism hypothroidism g
hypothyroidism
(1) (1)
\ J \ J \ J

Treated Not treated
7 (29.2%) 17

Not rechecked
(6)

Normalise (11)

Fig. 1. Post-radiation thyroid dysfunction: Primary hypothyroidism (free T4 of <§8.0pmol/L and TSH >4.5mlU/L); central hypothyroidism
(free T4 <8.0pmol/L and TSH <4.5mlU/L); subclinical hypothyroidism (free T4 8—16pmol/L and TSH>4.5mlIU/L).
TFT: thyroid function test
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1 had primary hypothyroidism, and another had
central hypothyroidism. Both patients with primary
hypothyroidism and central hypothyroidism received
thyroxine replacement. Of the 24 patients with
subclinical hypothyroidism post-radiotherapy, 7
(29.2%) were treated with thyroxine replacement and
11 patients were not treated as their TSH was only
marginally elevated. In these 11 untreated patients,
their TSH returned to normal spontaneously (Table 5).
The remaining 6 had no further TFT done at the
completion of the study. Five of the 7 patients
treated with levothyroxine had TSH levels>10mIU/L.
The remaining 2 were started on treatment due to
persistently elevated TSH 2 years post-radiotherapy.
Interestingly, the patient who had positive anti-
thyroglobulin and anti-thyroid peroxidase antibody
results had normal TFT on follow-up 6 months later
and thereafter. This could be due to transient
thyroiditis in Hashimoto’s disease. The correlation
between dose of radiation to hypothyroidism achieved
statistical clinical significance with a P value of
0.014. The median dose of patients who remained
euthyroid was 1,800cGy (range 200-7020cGy)
compared with 5,580cGy (range 1,200-5,580cGy) in
patients who developed hypothyroidism. If patients
with radiation to the extremities, abdomen or pelvis
was excluded from analysis, the median dose of

radiation to the group with normal TFT would be
2,600cGy with the same dose range of 200-7,020cGy.
The P value remains statistically significant at 0.017.
There was also a strong suggestion that the site of
radiotherapy (head and neck radiation) is associated
with primary hypothyroidism. The patients with
thyroid nodules were more likely to have abnormal
TFT (26.9%) compared to those without thyroid
nodules (10.3%) (Table 4).

DISCUSSION

The prevalence of childhood cancer survivors is
increasing with a significant proportion having
previously undergone radiation therapy.® This group
is at a higher risk of developing thyroid disorders and
malignancy. Secondary malignancies can occur outside
the field of radiation treatment due to scatter radiation,’
which includes sites far removed from the initial
radiation receiving minute doses of radiotherapy.”®
Therefore, it is important to include patients with no
direct thyroid radiation exposure.

In this study, thyroid malignancy was detected in 13%
of survivors with thyroid nodule(s). This is in keeping
with the reported incidence of thyroid malignancy of
7.1-40%."3%1° In contrast, the risk of differentiated
thyroid malignancy in the general population adults
with thyroid nodules is only 5%." The incidence of

Table 5. Comparison of patients with persistent versus transient subclinical hypothyroidism

Persistent Normalised Not checked
n=7 n=11 n=6

Time to development of abnormal TFT 14.5 (3.4-59.6) 3.7-63.1 4.3-60.7
(months), median (range)
TSH range (mIU/L) (first TFT) 4.67-23.36 4.16-10.19 4.63-6.72
Anti-TPO Abs/ Anti-Tg Abs
Negative 6 3 -
Positive — 1 —
Not checked 1 7 -

Radiation dose, median (range)
P value

Site of radiation

TBI

Head/neck

Thorax

Abdomen/pelvis/ extremity

5580 (1200-5580)

0.023

4
2

1

800 (200-5580) 3840 (200-6000)

9 4

1 2

1 —

anti-TPO Abs: anti-thyroid peroxidase antibodies; anti-Tg Abs: anti-thyroglobulin antibodies; TBI: traumatic brain injury; TFT: thyroid function test;

TSH: thyroid-stimulating hormone
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differentiated thyroid malignancy in the paediatric
population is even lower at 0.54 case per 100,000
children.!”? One of the major differences between
thyroid cancer (specifically PTC) diagnosed in
childhood and adulthood is the higher proportion of
extrathyroidal extension, lymph node and pulmonary
metastases, and higher recurrence rate.!*!® This is
evident in both our patients with PTC. Fortunately,
the mortality rate is still low at 2% or less and there
is better progression-free survival compared to
adultS.B’M’l()’lg

As the risk of malignancy is up to 20 fold higher
compared to the general population,'® regular
surveillance is important.

In our study, both patients who were diagnosed with
PTC received a total of 1,200cGy of radiation. This
result is consistent with a pooled analysis done on
the strength of the relationship between external
radiation exposure and thyroid carcinoma.?®?*' The
dose-relationship relative risk of thyroid radiation
exposure and thyroid carcinoma development is
supralinear from 200-400cGy, plateaus at
1,000-3,000cGy and declines after 3,000cGy.?° The
relative risk remains significantly elevated up to
5,000cGy.?° This is because thyroid tissues that receive
higher doses of radiotherapy are more likely to undergo
cell death from lethal double-stranded DNA breaks,
rather than develop malignant cell transformation into
thyroid carcinoma.”” We included patients who had
no direct thyroid irradiation as scatter radiation is a
known risk factor for secondary malignancies.®!’

The latency period from radiation exposure to the
development of thyroid malignancy is approximately
5-10 years with peak incidence at 25-29 years post-
exposure.>?! In our cohort, we excluded data from
patients who have had radiation therapy within 1 year
of analysis of the data due to the low probability of
radiation being the direct cause of the thyroid
malignancy. In the patients who developed thyroid
malignancy, patient 1 and 2 had a time latency of 9
years and 5 years, respectively (Table 3). This is
concordant with the expected time latency. As we only
had data for the past 10 years, this cohort of patients
will need to be followed up as we have yet to reach the
peak incidence of thyroid nodules and thyroid cancer.

Previous data have indicated that ultrasound is more
sensitive in the detection of thyroid nodules compared
to palpation.?> There is no consensus between the
major guidelines of ATA, AME and AACE on screening
patients using ultrasound.

The International Guideline Harmonization Group
(IGHG) recommendation is to screen high-risk patients
with previous radiation therapy directly or indirectly
around the thyroid region.® However, IGHG has left
the screening modality up to the discretion of the
healthcare provider in discussion with the patient.?
IGHG also suggests that screening for thyroid nodules
or malignancy can start 5 years post-radiotherapy.”

A retrospective review of adult survivors of childhood
cancer with previous neck radiation involving 585
patients found that only 1.2% of patients with abnormal
physical examination were diagnosed with PTC.*
The authors concluded that annual physical examination
without routine ultrasound can be used as a screening
tool.*

In our study, one of our patients with thyroid malignancy
was only detected on surveillance ultrasound and not
clinically. He had TIbN1bMO papillary thyroid cancer
that could have resulted in a higher morbidity with
delayed detection.

Based on our cohort data, clinical assessment for
thyroid malignancy using palpation should be performed
annually. Subsequently, consideration should be given to
performing thyroid ultrasound every 1-2 years from 5
years post-radiotherapy to improve the sensitivity of
detecting thyroid nodules. Two main reasons for our
suggestion are the latency period of 5 years prior to
development of thyroid malignancy post-radiation
exposure in our and other cohorts, and to reduce delay in
the detection of potentially malignant thyroid nodules.

Thyroid hormone dysfunction is a well-documented
complication post-radiation therapy.?>-*® Primary
hypothyroidism is the most common with a prevalence
of 13.8-20.8%.%° 2" The average time to the development
of hypothyroidism have been reported to be 5-7 years
(range of 0-27 years).*® In our cohort, 9 out of 84
(10.7%) patients who had screening TFTs developed
hypothyroidism (Fig. 1). The dose of radiation therapy
(higher risk with higher dose) (Table 5) is associated
with the development of primary hypothyroidism. Risk
factors shown to correlate with the development of
primary hypothyroidism include higher radiation doses,
proximity to the thyroid gland, and female gender.?>?%%
The actual dose-event rate is not well-established as
some studies reported total radiation doses and others
estimated radiation dose to the thyroid gland.?*%*
We could not determine the actual radiation dose that
was delivered to the thyroid gland, thus are unable to
derive the “pathogenic” radiation dose. Our sample size
was too small to determine if gender is an independent
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risk factor. Additionally, the median follow-up in our
sample population was 4.59 years, which likely represents
an underestimate of the true hypothyroidism prevalence.

The Children’s Oncology Group have advocated for
annual (or more frequent) TFT screening in patients at
risk of central hypothyroidism or primary hypothyroidism
secondary to radiotherapy starting at 2 years post-
radiotherapy.*

Based on our cohort, the risk of thyroid dysfunction is
high. Screening TFTs should be performed 6—12 months
post-radiotherapy or earlier if the patient develops
clinical symptoms or signs suggestive of thyroid
dysfunction. Thus, our recommendation allows for more
targeted screening and abnormal TFT from non-thyroidal
illness to resolve.

Previous cohorts have shown that thyroid dysfunction
can occur up to 20 years post-radiation exposure.?
Therefore, these high-risk patients will require long-term
follow-up to monitor for the development of thyroid
dysfunction.

Another limitation of our study stems from a large
percentage of patients (68%) who were excluded due to
lost follow-up, resulting in exclusion bias. Additionally,
median follow-up time was short at 4.62 years. It would
be worthwhile to re-analyse the data of these patients
after a longer period of follow-up.

CONCLUSION

Screening for thyroid nodules, malignancy and thyroid
dysfunction is an important aspect in the long-term
follow-up of childhood cancer survivors post-
radiotherapy. Regular screening via clinical examination
for thyroid malignancies should be performed at least
annually. Where feasible and if resources permit,
consideration should be given to using ultrasound for
thyroid nodule(s) and malignancy screening at 5 years
post-radiation therapy as it is more sensitive compared
to palpation at detecting smaller nodules based on data
from our cohort. Screening for thyroid dysfunction in
asymptomatic patients should start from 6—12 months
post-radiotherapy, as data from our cohort show that it
can occur at an earlier interval. Longer term follow-up
is required to determine the actual incidence of thyroid
malignancy and thyroid dysfunction in this high-risk
cohort.
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