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Abstract

Objective: Childhood cancer survivors (CCS) are at increased risk to develop differentiated thyroid cancer
predominantly after radiotherapy (subsequent DTQ). It is insufficiently known whether subsequent DTC in CCS has a
different presentation or outcome than sporadic DTC.

Methods: Patients with subsequent DTC (n =31) were matched to patients with sporadic DTC (n=93) on gender, age
and year of diagnosis to compare presentation and DTC outcomes. Clinical data were collected retrospectively.
Results: Among the CCS with subsequent DTC, all but one had received chemotherapy for their childhood cancer,

19 (61.3%) had received radiotherapy including the thyroid region, 3 (9.7%) *'I-MIBG and 8 (25.8%) had received
treatment with chemotherapy only. Subsequent DTC was detected by surveillance through neck palpation (46.2%), as
a self-identified mass (34.6%), or by chance. Among sporadic DTC patients, self detection predominated (68.8%). CCS
with subsequent DTC tended to have on average smaller tumors (1.9 vs 2.4 cm, respectively, (P=0.051), and more
often bilateral (5/25 (60.0%) vs 28/92 (30.4%), P = 0.024). There were no significant differences in the occurrence of
surgical complications, recurrence rate or disease-related death.

Conclusion: When compared to patients with sporadic DTC, CCS with subsequent DTC seem to present with smaller
tumors and more frequent bilateral tumors. Treatment outcome seems to be similar. The finding that one-third

of subsequent DTC cases had been treated with chemotherapy only needs further investigation. These results are
important for the development of surveillance programs for CCS at risk for DTC and for treatment guidelines of
subsequent DTC.

European Journal of
Endocrinology
(2020) 183, 169-180

Introduction

Treatment of pediatric malignancies has improved cancer survivors (CCS) (1). CCS are at a risk to develop
substantially over the past several decades, resulting in  subsequent malignancies, of which approximately 10%
a rapidly growing population of long-term childhood  involve the thyroid gland (2, 3, 4, 5).
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The occurrence of differentiated thyroid carcinoma
(DTC) in CCS is predominantly attributable to radiation
therapy that directly or incidentally involves the thyroid
gland (6). The risk for subsequent DTC increases linearly
with increasing estimated dose to the thyroid gland, with
a plateau around 10-30 Gy and a decline at higher dose
(2, 6). Ionizing radiation exposure at a young age (e.g.
<5 years) confers an additional risk factor for DTC after
radiotherapy (6). The occurrence of DTC has also been
reported among survivors of neuroblastoma treated with
BI.Metaiodobenzylguanidine (MIBG) (7). Moreover, in
recent years, a possible role of chemotherapeutic agents in
the etiology of DTC is emerging, consistent with evidence
for other subsequent malignancies (5, 6, 8).

Children with DTC generally have excellent survival
rates, even if the disease presents at a more advanced
stage (9). The Dutch Childhood Oncology Group (DCOG-
LATER) recommends vyearly physical
(palpation) of the thyroid gland for CCS at increased
risk for DTC based on previously given treatments
(10). Screening for DTC in CCS can also be done using
thyroid ultrasound. In a recent report of the International
Guideline Harmanization Group (IGHG) the pros and
cons of both surveillance strategies were summarized, and
it was recommended to counsel the survivor and, using
shared-decision-making, determine the optimal mode of
surveillance for each specific individual (11). Treatment
for DTC is currently performed in accordance with
established treatment algorithms for sporadic thyroid
cancer (12, 13).

There are several studies that report generally a similar
clinical presentation and outcome of DTC among ionizing
radiation-exposed patients in comparison to individuals
with sporadic DTC (14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24). These reports, however, concerned predominantly
unmatched studies focusing on patients who received
radiotherapy for benign lesions or patients who were
exposed to radioiodine isotopes released by nuclear
reactors. To strengthen the evidence for development
of appropriate surveillance and treatment strategies
for these individuals, more information is needed in
matched cohorts to compare the mode of detection and
presentation of disease as well as the outcome.

For these reasons, the aim of the present study was to
evaluate the mode of detection, presentation, treatment
and outcome of subsequent DTC among CCS in The
Netherlands in comparison with a matched sample of
patients with sporadic DTC. If such differences were to be
found, it could be used to inform current care practices

examination
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(screening and management) in CCS. To address our
objectives, we conducted retrospective chart review
studies based on several nationwide patient cohorts.

Subjects and methods

Study populations

We included two source populations to identify CCS with
subsequent DTC: (1.) The DCOG-LATER cohort of more
than 6000 5-year CCS diagnosed with a primary tumor
between 1963 and 2001 in The Netherlands (5). Clinical
follow-up and record linkage studies (including cancer
and pathology registries), with follow-up coverage until
January 1, 2013, revealed 28 patients with subsequent
DTC (5). To complete the inclusion of subsequent DTC
patients (period 2013-2015), additional record linkage
with the nationwide network and registry of histo- and
cyto-pathology in The Netherlands (PALGA) revealed two
additional cases with subsequent DTC (25); (2.) To obtain
subsequent DTC cases among CCS initially diagnosed after
2001, we queried The Netherlands Cancer Registry (IKNL)
and identified one additional eligible case. Of these 31
DTC patients, one patient had DTC as third malignancy.
The first and subsequent malignancies among CCS were
histologically confirmed.

Every subsequent DTC patient was matched to three
sporadic DTC patients (total comparison group n=93),
based on gender, age at DTC diagnosis (+ 2 years), and year
of DTC diagnosis (+ 5 years). These strict criteria were met
for 24/31 subsequent DTC patients. In four cases it was not
possible to match for calendar years, and in three cases we
were not able to match for gender. These subsequent DTC
patients were matched with the best possible matching
sporadic DTC patient. Eligible sporadic DTC patients
were sampled from two patient series using the following
inclusion criteria: (1.) diagnosed with a primary DTC, that
is, papillary thyroid carcinoma, papillary microcarcinoma
(<1 cm), or follicular carcinoma; (2.) no history of
another malignancy; (3.) no exposure to radiotherapy,
chemotherapy or hematopoietic stem cell transplantation
for non-thyroid neoplasia or benign lesions. For CCS
diagnosed with subsequent DTC during childhood (<18
years) (n=9), matching subjects (n=27) with sporadic
DTC were identified from an ongoing National Pediatric
DTC study (26). For CCS who developed subsequent
DTC after the age of 18 (n=22), matching was done with
subjects of the adult study cohort with sporadic DTC from
the University Medical Center of Groningen (n=66) (27).
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No further approval for retrospective data collection and
analysis was needed, in accordance with Dutch law.

Data collection and study definitions

Data were collected retrospectively and extracted from
existing databases (5, 26, 27) or collected from individual
patients’ medical records. Pediatric cancer treatment
histories for subsequent DTC patients were taken from
the DCOG-LATER registry. Radiotherapy exposing
the thyroid gland included the following fields: neck
(cervical + mantle), head/brain, mediastinum, or total
body irradiation (TBI). Cumulative thyroid-directed
dose was based on the prescribed radiotherapy dose to
the smallest field of the neck; full-field and boost dose
were summed.

For all patients, cytology and histopathology findings
were scored to determine the characteristics of DTC.
Fine needle aspiration cytology (FNAC) results recorded
within 6 months of a histological DTC diagnosis were
used to define a confirmed DTC. Non-diagnostic findings
were, in general, cytological smear samples with too
little cells to allow a diagnosis. Diagnostic findings were
subdivided into: malignant findings, indeterminate
findings, and benign findings. Histopathological DTC
data were obtained from the original pathology reports
and reviewed by two reviewers (CL/HVS).

Tumor staging was recorded according to the 7th
edition TNM (Tumor, Node, Metastasis) classification
system for DTC of the Union for International Cancer
Control (UICC). TNM stage was classified after the first
[-131 treatment. If previous editions were used at time
of diagnosis, tumor stage was reclassified into the 7th
edition (28).

All patients had been treated for DTC in accordance
with local protocols. Initial neck dissection was defined as
those performed at most 1 year after initial thyroid surgery.
To calculate the cumulative administered I-131 activity,
only ablative and therapeutic I-131 administrations were
taken into account.

Documented transient hypoparathyroidism was
defined as postoperative hypocalcaemia (serum calcium
value below the reference range) with recovery and no use of
medication (Calcitriol, Alfacalcidol or calcium) at 6 months
after surgery. Documented permanent hypoparathyroidism
was defined as postoperative hypocalcaemia with the use
of medication (Calcitriol, Alfacalcidol, or calcium) at the
last moment of follow-up. Documented transient and
documented permanent recurrent laryngeal nerve (RLN)
injury after surgery were defined, respectively, as injury
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mentioned in ear, nose and throat report, or if no report
was available, in other medical records, with or without
recovery within 6 months after surgery.

Recurrence of DTC was defined as laboratory or
radiological evidence of disease activity after remission.
Remission of DTC was defined as clinical, radiological
and scintigraphic absence of disease activity with an
undetectable serum thyroglobulin (Tg) concentration
(<1.0 ng/mL) at least 1 year after the last I-131 therapy.
Persistent disease was defined as persistent disease or
recurrence at last moment of follow-up. If no follow-up
data were known, the disease status at last moment of
follow-up was noted as unknown. Outcome was only
assessed if the last treatment for DTC had been given
>1 year ago.

Statistical analysis

Baseline factors, cancer-related characteristics, treatment
modalities and outcome in patients with subsequent DTC
and sporadic DTC were compared using Student’s t-test
for continuous measurements. Mann-Whitney U-tests
were performed if the continuous data were non-normally
distributed. For categorical data chi-square tests or Fisher’s
exact tests (if the assumptions for chi-square were violated)
were used. Tests were only performed if reasonably
complete information on the clinical characteristics of
interest was obtained, defined as >50% of each group. All
P-values were based on two-sided testing and P-values of
<0.05 were considered as statistically significant. The SPSS
(25.0) statistical package was used for analysis.

Results

Patient characteristics
CCS with subsequent DTC

Thirty-one eligible CCS with subsequent DTC were
included. Median age at diagnosis of the primary childhood
cancer was 6.1 (range: 0.3-16.4) years, of which leukemias
(35.5%) and lymphomas (19.4%) were most frequent.
Almost all patients (93.5%) had received chemotherapy,
and alkylating agents had been administered in 75.9%
of the CCS and anthracyclines in 55.2%. Radiotherapy
to a field 1 including the thyroid gland was given to 18
patients (58.1%), with a mean cumulative dose of 32.0
(range 7.0-55.8) Gy. Three patients (9.7%) had received
BIL.MIBG treatment, with a mean total activity of 12.93
GBq for neuroblastoma, including thyroid prophylaxis
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(8, 29) Median latency time between primary childhood
cancer and subsequent DTC was 17.2 years (range
5.7-33.8) years.

Comparison with sporadic DTC patients

Diagnosis of DTC Nearly half of the subsequent DTCs
(12/26) were detected by neck palpation at the DCOG-
LATER outpatient clinic and 9/26 detected a mass in the
neck themselves. Five out of 26 subsequent DTC were
found as chance finding during diagnostic work-up for
hypothyroidism, hyperparathyroidism or PET scanning
for non-Hodgkin lymphoma follow-up. When compared
to sporadic DTC patients, 33/48 detected a thyroid mass
themselves which was significantly different.

At DTC diagnosis, palpability of the nodule at physical
examination, median tumor size and presence of palpable
pathological cervical lymph nodes were all comparable
between subsequent and sporadic DTC (Table 1).

Ultrasound, cytology and histology findings Pre-oper-
ative ultrasound reports were collected and could be
retrieved in 58.1% of CCS and in 15.1% of the matched
patients. Maximum nodule size on ultrasound did not dif-
fer between subsequent and sporadic DTC patients (mean
2.3 (#s.0. 1.2) and 2.6 (+s.0. 0.9) cm, respectively).

Overall distribution of FNAC results (within 6
months of a histological DTC diagnosis) were comparable
(Table 2). FNAC results of four patients showed benign
features; however, after hemithyroidectomy, histology
showed a PTC (n=3) and FTC (n=1) (30).

Based on histologic results, subsequent DTCs were
two times more likely to be bilateral at diagnosis (15/25,
60%) than sporadic DTCs (28/92, 30%) (P=0.024) and
tumors tended to be more often smaller in subsequent
DTC patients (size at diagnosis 1.90 (0.10-5.00) cm vs
2.40 (0.60-6.50) cm (P=0.051)). Of all, DTC tumors sized
<1 cm were more often seen in subsequent DTC patients
(6/23, 26%) compared to sporadic DTC patients (5/71,
7%) (P=0.023). Conversely, in only 8.6% (2/23) of the
subsequent DTC patients the tumor size was >4.0 cm vs
21.1% (15/71) of the sporadic DTC patients (P=0.226)
(Table 2). Approximately 15% of DTCs were follicular
carcinomas, in both groups.

For evaluation of radiation effects specifically on the
presentation of DTC, a subgroup analysis was done for
the CCS with a history of neck radiation, TBI or MIBG
treatment (n=22). A significant difference was found
in tumor size (median 1.25 cm vs 2.40 cm, respectively
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(P=0.010)). No difference was found in tumor size
between CCS without radiation exposure and their
matched controls (median tumor size 2.80 cm vs 2.40 cm
respectively, P=0.847).

In 15/23 (65.2%) and 37/80 (46.3%) of subsequent
and sporadic DTC patients, respectively, the tumor
had a multifocal character (P=0.109). No significant
differences were found in spread of DTC with regards to
encapsulation of the tumor (P=0.177), tumor capsular
invasion (P=0.186), extracapsular growth (P=0.743), extra
thyroid extension (P=0.386), vessel invasion (P=0.467)
or lymph-node metastases (P=0.277). Subsequent DTC
patients showed more frequent T1la staging compared to
sporadic DTC patients (P=0.046). Overall, TNM stage did
not differ between subsequent DTC patients and sporadic
DTC patients (P=0.701).

Thirteen out of 21 (61.9%) of the subsequent DTC
patients had lymph-node metastasis vs 41/77 (53.2%) in
the sporadic patients. Of the six subsequent DTC patients
with papillary microcarcinoma (<1 cm), two had lymph-
node metastases. No association was found between
tumor size and occurrence of lymph-node metastases.
In total, seven patients had distant (lung) metastases, of
which six were <18 years at diagnosis. The tumor size of
these patients ranged between 1.0 and 6.2 cm. In both
groups, the prevalence of lung metastases were similar,
7.7% vs 7.1% in subsequent vs sporadic DTC patients.

DTC treatment None of the surgical treatment charac-
teristics differed between subsequent vs sporadic patients.
All patients (n=124) underwent one or more surgical pro-
cedures as part of their DTC treatment. Total thyroidec-
tomy, wunilateral hemithyroidectomy, and bilateral
hemithyroidectomy were performed in, respectively,
66.7%, 7.4%, and 25.9% of the subsequent DTC patients
and in 55.9%, 1.1% and 43.0% of the sporadic DTC
patients (P=0.060) (Table 3). Fifty-two percent and 52.7%
of the subsequent and sporadic DTC patients, respectively,
underwent lymph-node dissection(s) of central and/or lat-
eral levels, and I-131 treatment was administered in 85.2%
and 98.9% of, respectively, subsequent DTC vs sporadic
DTC patients. A significant difference was found between
the number of DTC patients that were treated with 1-131
(23/27,85.2% vs 92/93, 98.9%, P=0.009). Three out of four
subsequent DTC patients who did not receive 1-131 treat-
ment had been diagnosed with a papillary microcarcinoma
with no lymph node metastases, one patient had under-
gone total thyroidectomy at time of data collection and
may have been given RAI at later time during follow-up.
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Table 1 Comparison of presentation between subsequent DTC patients and sporadic DTC patients in The Netherlands (1968-2015).

Characteristics Subsequent DTC (n=31) Sporadic DTC? (n=93) P-value®
Age at diagnosis DTC, median (range), years
All patients 25.6 (6.1-38.0) 26.3 (5.8-38.7) 0.875
Children (<18 years) 13.3(6.1-17.7) 13.5(5.8-17.7) 0.797
Adults (>18 years) 29.8 (18.03-38.0) 29 3(1 8.2-38.7) 0.982
% DTC child (<18 years) 7 (23%) 0 (22%)
Gender: number of females (%) 21 (67.7%) 67 (72.0%)
Calendar year of diagnosis (range) 1986-2015 1973-2015
1970-1989 1(3.2%) 12 (13.0%)
1990-1999 5(16.1%) 4 (15.1%)
2000-2009 11 (35.5%) 4 (47.3%) 0.236
2010-2015 14 (45.2%) 23 (24.7%)
Deceased at end of follow-up*® 4 (13%) 0 (0%) 0.003*
Reason for evaluation
Palpable mass found by screening (neck 12 (46.2%) 4 (8.3%) 0.001*
palpation)
Palpable mass detected by patient 9 (34.6%) 33 (68.8%)
Symptoms/signs of thyroid dysfunction 2 (7.7%) 2 (4.2%)
Symptoms/signs due to thyroid nodules 0 (0%) 4 (8.3%)
Thyroid nodule found on ultrasound 0 (0%) 1(2.1%)
Other 3(11.5%) 4 (8.3%)
Unknown 5 45
Palpable nodule NA
Yes 21 (87.5%) 38 (92.7%)
No 3(12.5%) 3(7.3%)
Unknown 7 52
Size (cm) of the nodule, median (range) 3.5(0.5-5.0) 3.0(1.0-6.0) NA
n available data 12/31 24/93
Palpable cervical lymph-nodes NA
Yes 6 (33.3%) 2 (37.5%)
No 2 (66.7%) 20 (62.5%)
Unknown 13 61
Ultrasound finding at diagnosis NA
Maximum size (cm) nodule, mean (+s.D.) 2.3(1.2) 2.6 (0.9)
n available data 18/31 14/93
Lymphadenopathy NA
Yes 5 (38.5%) 5 (50.0%)
No 8 (61.5%) 5 (50.0%)
Unknown 18 83
Thyroid dysfunction at time of diagnosis DTC NA
No 12 (70.6 %) 15 (88.2%)
Hypothyroidism 1 (5.9%) 2(11.8%)
Subclinical hypothyroidism 3(17.6%) 0 (0%)
Central hypothyroidism 1 (5.9%) 0 (0%)
Unknown 14 76

Percentages of known variables are shown, P-value* significant <0.05; 2All control patients were matched by age at diagnosis, gender, and calendar year
of diagnosis; PMissing or unknown values are excluded from statistical testing. For characteristics with >50% missing values per group, P-values were not

calculated (denoted as NA, Not Applicable); ‘Causes of death: due to other malignancies (n = 3) or non-cancer related death (n=1).

DTC, differentiated thyroid carcinoma.

Disease recurrence and disease status at last moment
of follow-up Median follow-up time after DTC diagnosis
was 5.2 years (0.1-22.5) for subsequent DTC vs 7.5 years
(0.7-41.5) for sporadic DTC patients (Table 3). Recurrence
rate between the two groups was comparable; 4/20 (20.0%)
of the subsequent DTC and in 10/88 (11.4%) of the spo-
radic DTC patients (P=0.288) (have) had recurrent disease.

At last moment of follow-up, the disease status was
found to be different (P=0.024) in the four categories,
with remission of disease in 18/23 (78.3%) and 78/84
(92.9%) of subsequent and sporadic DTC patients,
respectively. Persistent disease was similar (4.3% and 4.8%,
respectively). In both groups, two patients experienced
recurrence of disease at last moment of follow-up. Outcome
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Table2 Comparison of cytology and histology between subsequent DTC patients and sporadic DTC patients in The Netherlands

(1968-2015).

Cytology Subsequent (n=31) Sporadic (n=93) P-value?®
Mean number of FNACsP 1.55 1.44 0.585
n available data 22/31 39/93
FNAC findings® NA
Non diagnostic 2 (13.3%) 4 (13.8%)
Malignant 6 (40.0%) 15 (51.7%)
Indeterminate 5(33.3%) 8 (27.6%)
Benign 2 (13.3%) 2 (6.9%)
Unknown 16 64
Histology DTC 0.095
Papillary thyroid carcinoma 16 (61.5%) 72 (79.1%)
Papillary microcarcinoma (<1 cm) 6(23.1%) 7 (7.5%)
Follicular thyroid carcinoma 4 (15.4%) 14 (15.4%)
Unknown 5 0
Papillary (micro)carcinoma 0.233
Classic variant 10 (45.5%) 28 (50.0%)
Follicular 10 (45.5%) 20 (35.7%)
Diffuse sclerosing 1 (4.5%) 2 (3.6%)
Other 1(4.5%) 6 (10.7%)
Unknown 0 23
Follicular carcinoma 1.000
Minimal invasive 3 (100%) 7 (87.5%)
Widely invasive 0 (0%) 1(12.5%)
Unknown 1 6
DTC Laterality 0.024*
Unilateral 10 (40.0%) 60 (65.2%)
Bilateral 15 (60.0%) 28 (30.4%)
Isthmus 0 (0%) 4 (4.3%)
Unknown 6 1
Multifocality 0.109
Yes 15 (65.2%) 37 (46.3%)
No 8 (34.8%) 43 (53.8%)
Unknown 8 13
Tumor size (cm; largest tumor nodule) median 1.90 (0.10-5.00) 2.40 (0.60-6.50) 0.051
(range)
n available data 23/31 71/93
Tumor size categories? 0.239
0.1-0.9 cm 6 (26.1%) 5(7.0)
1.0-1.9cm 6 (26.1%) 17 (23.9%)
2.0-29cm 5(21.7%) 23 (32.4%)
3.0-3.9cm 4 (17.4%) 11 (15.5%)
4.0-4.9 cm 1(4.3%) 8(11.3%)
>5.0cm 1(4.3%) 7 (9.9%)
Histology - Spread of DTC
Encapsulated 0.177
Yes 14 (73.7%) 59 (86.8%)
No 5 (26.3%) 9 (13.2%)
Unknown 12 25
Tumor capsular invasion 0.186
Yes 10 (71.4%) 29 (51.8%)
No 4 (28.6%) 27 (48.2%)
Unknown 0 3
Extracapsular growth 0.743
Yes 7 (58.3%) 19 (34.5%)
No 5 (41.7%) 36 (65.5%)
Unknown 2 4
(Continued)
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Table 2 Continued.
Cytology Subsequent (n=31) Sporadic (n=93) P-value?
Extrathyroid extension (tissue invasion) 0.386
Yes 26 (33.3%) 18 (23.7%)
No 12 (66.7%) 58 (76.3%)
Unknown 13 17
Vessel invasion 0.467
Yes 5 (26.3%) 26 (35.1%)
No 14 (73.7%) 48 (64.9%)
Unknown 12 19
Lymph-node metastases 0.277
Yes 13 (68.4%) 46 (54.8%)
No 6 (31.6%) 38 (45.2%)
Unknown 12 9
TNM classification 7th edition®
T 0.701
T1 10 (40.0%) 24 (28.2%)
T2 8 (32.0%) 33(38.8%)
T3 6 (24.0%) 22 (25.9%)
T4 1(4.0%) 6 (7.1%)
TX 6 8
N 0.480
NO 8 (38.1%) 36 (46.8%)
N1a-N1 13 (61.9%) 41 (53.2%)
NXx 10 16
M 1.000
MO 24 (92.3%) 78 (94.9%)
M1f 2(7.7%) 6 (7.1%)
Mx 5 9

Percentages of known variables are shown, P-value* significant <0.05; 2Missing or unknown values were excluded from statistical testing; "Mean number
of all performed FNACs before diagnosis DTC; ‘Last FNAC before histological diagnosis <6 months; “Tumor categories are based on continuous data. In
two sporadic DTC patients, the pathology report showed microcarcinoma; however, no exact tumor size was mentioned; ¢The 7t edition of TNM
classification was used for all patients, if previous editions were used in the patient record, all were recoded into the 7™ edition of TNM classification;

fM1 = only lung metastases were found.

FNAC, fine needle aspiration cytology.
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could not be assessed for two subsequent DTC patients,
because diagnosis of DTC was <1 year ago. Results did
not change when excluding pediatric DTC patients and
microcarcinomas, except for disease status at last moment
of follow-up (Supplementary Table A, see section on
supplementary materials given at the end of this article).

Three out of 14 (21.4%) and 10/88 (11.4%) of
subsequent and sporadic DTC patients, respectively, had
a history of positive serum Tg antibodies (P=0.381). Vital
status at end of follow-up differed between the groups:
four subsequent DTC patients were deceased at end of
follow-up due to other malignancies (n=3) or non cancer
related death (n=1), whereas sporadic DTC patients were
all alive at last moment of follow-up. The distributions of
age, gender, and diagnosis period were fairly comparable
as expected from the per-protocol matching.

Surgical complications Documented transient hypo-
parathyroidism and documented permanent hypopara-

thyroidism were observed in, respectively, 4/31 (12.9%)
and 11/31 (35.5%) of the subsequent DTC patients and in
21/93 (22.6%) and 33/93 (35.5%) of the sporadic DTC
patients (P=0.456). Documented postoperative transient
and permanent RLN injury was found in, respectively,
1/31 (3.2%) and 3/31 (9.7%) of the subsequent DTC
patients and in 7/93 (7.5%) and 17/93 (18.3%) of the spo-
radic DTC patientens (P=0.327).

Discussion

Radiation therapy including the neck region for
childhood cancer may result in DTC. It has been suggested
that subsequent DTC in CCS may also be related to
chemotherapy (2, 3, 4, 6). In order to counsel CCS on the
most appropriate way to screen for DTC, more knowledge
is required upon its behavior in comparison to sporadic
thyroid cancer. The prognosis of sporadic thyroid cancer
is known to be excellent, even when found in advanced
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Table 3 Comparison of treatment, outcome, and complication rates between subsequent DTC patients and sporadic DTC

patients in The Netherlands (1968-2015).

Subsequent (n=31) Sporadic (n=93) P-value?
Initial treatment of thyroid cancer
Surgical treatment 0.060
Total thyroidectomy 18 (66.7%) 52 (55.9%)
Unilateral hemithyroidectomy 2 (7.4%) 1(1.1%)
Bilateral hemithyroidectomy® 7 (25.9%) 40 (43.0%)
Unknown 4 0
Lymph-node dissection (LND) 0.732
None 12 (48.0%) 43 (47.3%)
Central LND 2 (8.0%) 11 (12.1%)
LND incl. lateral levels 9 (36.0%) 34 (37.4%)
LND, location unknown 2 (8.0%) 3(3.3%)
Unknown 6 2
I-131 treatment*©
Number of patients treated with I-131 treatment 23/27 (85.2%) 92/93 (98.9%) 0.009
Number of I-131 treatments, median (range) 1(1-3) 2(1-6) 0.268
Cumulative administered dose of I-131 5.399 (1.850-17.910) 7.400 (1.480-35.150) 0.242
treatment, median (range) GBq
Recurrence
Recurrence 0.288
Yes 4 (20.0%) 10 (11.4%)
No 16 (80.0%) 78 (88.6%)
Unknown 11 5
Treatment recurrence
Lymph-node dissection 2 (40.0%) 3(33.3%)
I-131 treatments 3(60.0%) 6 (66.7%)
Cumulative administered dose of I-131 5.550 (5.550-6.008) 5.550 (5.550-5.550)
treatment, median (range) GBq
Most recent Tg determination elevated 0.166
Yes 3(14.3%) 5 (5.4%)
No 18 (85.7%) 87 (94.6%)
Unknown 10 1
Disease status at last moment of follow-up
Time (years) between Dx and last moment of 5.2 (0.1-22.5) 7.5(0.7-41.5) 0.240
follow-up, median (range)
n available data 23/31 92/93
Disease status at last moment of follow-up? 0.024*
Remission 18 (78.3%) 78 (92.9%)
Active disease: persistent disease 1(4.3%) 4 (4.8%)
Active disease: recurrence 2 (8.7%) 2 (2.4%)
Last treatment <1 year ago 2 (8.7%) 0 (0%)
Unknown 8 9
T4 supplementation 0.216
Yes 24 (96.0%) 91 (100%)
No 1 (4.0%) 0 (0%)
Unknown 6 2
Serum Tg antibodies 0.381
Yes 3(21.4%) 10 (11.4%)
No 11 (78.6%) 78 (88.6%)
Unknown 17 5
Surgical Complications
Documented hypoparathyroidism 0.456
Transient hypoparathyroidism 4 (12.9%) 21 (22.6%)
Permanent hypoparathyroidism 11 (35.5%) 33 (35.5%)
Documented recurrent laryngeal nerve (RLN) injury 0.327
Transient RLN injury 1(3.2%) 7 (7.5%)
Permanent RLN injury 3(9.7%) 17 (18.3%)

Percentages of known variables are shown, P-value* significant <0.05; 2Missing or unknown values excluded from statistical testing; "Consecutive
hemithyroidectomy; “Five patients did not receive I-131 treatment (subsequent: n =4, sporadic: n = 1); 9Loss of follow-up, disease status at last moment of
follow-up unknown in 17 patients in total (subsequent n =8, sporadic n=9).
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stage. However, the behavior of radiation-induced DTC
has been studied insufficiently, for which this matched
cohort analysis was performed.

The unique data in this study, integrated from three
national initiatives spanning four decades of inclusion,
enabled us to address the mode of detection and
presentation of subsequent DTC. Our results demonstrate
that CCS with subsequent DTC more likely tend to present
with smaller tumors and bilateral disease than patients
with sporadic DTC. Other characteristics were statistically
similar. Of note, one-third of the patients with subsequent
DTC did not have a history of radiotherapy directed to the
head/neck/upper chest.

A noteworthy finding of this study is that the
number of small tumors was significantly increased in
the subsequent DTC group, especially in CCS with a
history of neck radiation, TBI or MIBG, compared to
sporadic patients. These results are in agreement with
several previous studies (14, 15, 18, 20, 31) and might be
explained by the fact that CCS are carefully followed at
follow-up clinics, leading to the detection of DTC in an
earlier T stage. Tumor size has shown to be an important
factor influencing DTC prognosis and we confirmed from
previous findings that tumor size is not associated with
the occurrence of lymph-node metastases (32, 33).

The high prevalence of microcarcinoma among
subsequent DTC patients did not result in improved
outcome results, such as decreased recurrence rates or
surgical complications when compared to sporadic DTC.
However, it was remarkable that three subsequent DTC
patients with microcarcinoma had not been treated
with 1-131, while all patients with sporadic patients and
micorcarcinoma (n=7) had been treated with I-131. This
may reflect more hesitance in providers to further expose
cancer survivors to I-131.

Bilateral tumors significantly more often
diagnosed in subsequent DTC patients. This is consistent
with the hypothesis that radiation exposure results in
diffuse toxicity and is the major contributing factor in
DTC etiology.

Our data confirms previous data that multifocal
tumors are more frequent in subsequent DTC patients
compared to sporadic DTC patients (19, 23). In the study
by Rubino et al., multifocality was more frequent in
those who received higher radiation dose at younger age
suggesting that multifocality is a direct consequence of
radiation exposure (19).

Bilaterality —requires total thyroidectomy, and
it was observed that, in this cohort, indeed only
1% of patients with subsequent DTC were treated

were
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with hemithyroidecomy,
sporadic DTC.

Next to bilaterality, multifocality and tumor size,
no other significant differences were found in this study
between subsequent and sporadic DTC patients regarding
histological findings.

In this cohort, we found a striking high incidence of
documented permanent hypoparathyroidism in all DTC
patients, when compared to previous studies in children
and adults (34, 35, 36, 37). These high percentages should
be further explored and may possibly be explained by the
strict definition of hypoparathyroidism used in our study.
To reduce complications of treatment and considering the
rareness of the disease, care for DTC should be centralized
and only be done in an experienced DTC center.

Recurrence rates were in line with previous literature,
and neither differences in recurrence rates between groups
were found, nor was there mortality due to DTC in both
groups (38, 39).

Atlast moment of follow-up, patients with subsequent
DTC had significantly more frequent persistent disease.
A possible explanation may be the fact that, in the
subsequent DTC patients, the last treatment was <1 year
ago in two patients, in comparison to the sporadic DTC
patients of whom last treatment was >1 year ago in all
patients. This must be further studied in future cohorts.

One-third of the subsequent DTC patients in this
study had not been exposed to radiotherapy. This implies
that other causes for subsequent tumor formation must
be considered which justifies future research. All had
been treated with chemotherapy. Effects of alkylating
agents and anthracyclines on the thyroid gland were
demonstrated in a large pooling effort by Veiga et al.(2,
3). Also, genetic predisposing factors may increase risk of
DTC among CCS (40). The large number of CT scans (>50
for some individuals) is not a negligible factor and should
be explored in subsequent work (41, 42).

The strength of this study is the fact that data were
retrieved from well-characterized study populations
including valid methods with retrospective and
prospective case-finding for DTC. We estimate that our
study captures >90% of all patients with subsequent DTC
in The Netherlands in the study period. By matching
the CCS to patients with sporadic DTC, comparisons
could be made unbiased by factors affecting tumor and
outcome characteristics. Lastly, for a fair proportion of
the DTC cases, in-depth data were available, making these
comparisons possible.

A weakness of this study is the number of missing
values owing to the character of the retrospective chart

in comparison to 7% of
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review. The missing data in most cases could be explained
by the fact that these patients presented in non-academic
hospitals and were then referred to academic hospitals. We
were only able to retrieve data from patient charts in the
academic hospitals and therefore data are missing. To give
insight in the magnitude of missing data, percentages are
based on the number of CCSs with available data in the
denominator. The fact that subjects included in this study
had not been treated with the same treatment protocol
in a systematic way, because of pluralism in hospital-
dependent treatment protocols, may also be considered
a limitation.

Also, despite the fact that for patients with
subsequent DTC this was a national cohort, the numbers
were quite low, making multivariate or survival analysis
not possible. Outcomes are therefore not controlled for
tumor characteristics and treatment methods. In the
future, international collaboration should be aimed to
create larger cohorts enabling more solid analyses.

Despite the fact that we had nationwide coverage, our
cohort is a modest size sample which precludes strong
conclusions. There are several aspects that should be
taken into account. Although no difference was found in
overall TNM stage, more tumors <1 cm were found (T1a
staging) in subsequent DTC patients This may possibly
be a consequence of surveillance (10). The results of
this study cannot be used, however, to inform screening
strategies, such as neck palpation or thyroid ultrasound.
For the future, we recommend that all patients with
DTC are prospectively recorded and treated in centers of
expertise (12). In the medical files of these patients, data
on diagnostics, treatment, adverse effects and outcome
should be recorded according to standardized definitions
to allow for future evaluation of care (12). Development
for standardization of care for children with DTC in
The Netherlands and in larger European consortia are
underway. For patients >18 years of age, standards of care
for adults may be used.

In conclusion, patients with subsequent DTC seem to
present with smaller tumors and more frequent bilateral
tumor localizations than patients with sporadic DTC.
In terms of morbidity and mortality, subsequent DTC
seems to be similar to that of sporadic DTC. The results
of this study do not provide evidence or arguments that
different or more aggressive treatment regimens should
be used.

The multifocality and bilaterality of DTC after
treatment for childhood cancer must be taken into
account when deciding on the surgical procedure.

Subsequent vs sporadic thyroid
cancer

Differences in outcome and prognosis of DTC in CCS
without following an active surveillance program could
not be excluded.

These results are an important cornerstone for the
further development of existing surveillance programs
and treatment guidelines for CCS at risk for or presenting
with DTC (11). Follow-up studies are needed to explore
the potential cause of subsequent DTC in patients without
radiation treatment for their primary cancer.
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