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Bone marrow suppression
 in pediatric patients
with differentiated thyroid cancer following
empirical radioiodine therapy
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Abstract
Pediatric patients with differentiated thyroid cancer (DTC) tend to have more advanced disease at presentation, for which more
aggressive radioiodine (RAI) treatment would be commonly recommended. Several previous studies recommended dosimetry to
calculate the optimal activity of RAI in pre-pubertal children and in children with a significant distant metastasis. This study aimed to
evaluate the effect of empirical RAI treatment for DTC on bone marrow function in pre-pubertal children and adolescents.
DTC patients aged � 18 years receiving empirical RAI treatment with complete blood count data before and after treatment

were included and divided into pre-pubertal and pubertal groups. Blood count values at baseline and 1.5–3 months, 3–6 months,
and 6–12 months after RAI treatment were compared. The effect of demographic, clinical, and laboratory variables on bone marrow
function were assessed.
We included 83 patients (113 treatments). At diagnosis, pre-pubertal children hadmore aggressive tumor features, including tumor

size (P= .045) and distant metastases (P= .037). Approximately 51% to 96% of hypocellular bone marrow, and 11% to 14% of
anemia were observed in the pre-pubertal and pubertal groups, with amajority of mild (Grade 1–2) andminority of moderate (Grade 3)
bone marrow suppression. No significant differences in bone marrow function or Common Terminology Criteria for Adverse Events
(CTCAE) grades were found between the pre-pubertal and pubertal groups after RAI treatment. None of the clinical factors tested
were found to be significant predictors for bone marrow suppression after RAI treatment.
Empirical RAI treatment for DTC in pre-pubertal children and adolescents causes mild to moderate bonemarrow suppression with

limited clinical significance. With adequate preparations for RAI treatment, empirical high activities (150–200 mCi) could be safe and
well tolerated by both pre-pubertal and pubertal patients with DTC.

Abbreviations: CBC = complete blood count, DTC = differentiated thyroid cancer, CTCAE = common terminology criteria for
adverse events, eGFR = estimated glomerular filtration rate, Hb = hemoglobin, LYMPH = lymphocytes, NEUT = neutrophil, MTA =
maximum tolerable activity, PLT = platelet, RAI = radioiodine, RBC = red blood cell, WBC = white blood cell.
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1. Introduction

Pediatric differentiated thyroid cancer (DTC) is one of the most
common childhood endocrine malignancies, accounting for
approximately 4.6% of all cancers in children aged � 14 years
and for 7.4% of cancers in adolescents aged 15 to 19 years, with
a preponderance in girls.[1,2] According to the Surveillance,
Epidemiology and End Results (SEER) program, 1.8% of new
thyroid cancers were reported in the United States in patients �
20 years of age between 2012 and 2016.[3] Moreover, the Report
of Cancer Epidemiology in China revealed that thyroid cancer in
female patients represented 3.8% of all new cancer cases in 2015,
with approximately 151,000 new cases of female thyroid cancer
(the 4th most common tumor).[4]

Compared with adults, several studies have evaluated DTC
in the pediatric population, revealing that pediatric patients
with DTC are more prone to extra-thyroidal extension,
regional lymph node involvement, and pulmonary metasta-
sis.[5–9] Furthermore, pediatric DTC patients are at a risk of
very high overall recurrence rates of nearly 30%.[10–13]

Moreover, several studies reported more aggressive presenta-
tion and worse outcomes in pre-pubertal patients than in
pubertal ones.[14–17]
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It is well-known that children are more sensitive to radiation,
which results in abetter response toRAI therapy; however, theyare
at a higher risk of acute and long-term harms from over-aggressive
treatment, such as acute bone marrow suppression and second
malignancy.[18–21] Tuttle et al observed that the empirical dosing
strategy resulted in the administered RAI activities exceeding the
maximum tolerable activity (MTA) safety limit of 200 cGy defined
for bone marrow in many patients with metastatic DTC.[22]

Furthermore, they found that an empirically administered RAI
activityof 200mCiwould exceed theMTA in14%ofpatients<19
years and the administration of 250mCiwould exceed theMTA in
20% of patients <19 years.[22] Considering the safety of RAI
therapy in pediatric population, several dosimetry-based studies
(including blood-based and lesion-based dosimetry approaches)
have been performed. These studies have shown that in children
witha significantdistantmetastasisor limitedbonemarrowreserve
and in pre-pubertal children, dosimetry should be considered to
calculate the optimal activity of RAI. [23–26]

In 2017, Albano et al studied data from 302 RAI treatments in
105DTCpatients aged�18 years and found 11 cases (6 ofGrade 1
and 5 of Grade 2 according to the CTCAE classification) involving
transient bone marrow suppression and 4 cases (2 in grade 1 and 2
ingrade2) involvingpermanentbonemarrowsuppression.[27]They
also noted that transient bone marrow suppression was associated
with the amount of administered activities in each treatment, while
permanent bone marrow suppression was correlated with the
number of treatments and cumulative activities of RAI.[27]

However, they did not compare the bonemarrow function between
pre-pubertal children and adolescents, neither did they investigate
the relationship between bone marrow suppression and the renal
function. Moreover, the 2014 American Thyroid Association
(ATA) guidelines on children with thyroid cancer recommended
that “pre-pubertal” and “pubertal/post-pubertal” should be
incorporated into future studies to increase uniformity and more
accurately represent thepotential influenceof pubertal development
on the behavior of DTC within the pediatric population.[28]

Given the higher incidence, the more extensive presentation,
the higher risk of side effects caused by RAI treatment, increased
concern with RAI dosimetry in DTC pediatric patients, and the
ATA recommendation on pre-pubertal and pubertal groups, we
sought to evaluate the data available for DTC patients at West
China Hospital of Sichuan University. Our study is the first to
compare the effect of RAI therapy on bone marrow function
between pre-pubertal and pubertal DTC patient cohorts, and to
investigate the relationship between bone marrow suppression
and the renal function in pediatric patients. In the present study,
we aimed to investigate the following:
1)
 the effect of various empirically administered RAI activities on
bone marrow function in pre-pubertal children and adoles-
cents; and
2)
 the relationship between bone marrow suppression after RAI
treatment and multiple factors including sex, age, the single
administered RAI activity, cumulative activity, total number
of RAI treatments, intervals between repeated treatments, and
renal function in patients �18 years of age.

2. Methods

The study protocol was approved by the Institutional Research
Ethics Committee of West China Hospital of Sichuan University
(# 2019671), and the requirement of written informed consent
was waived.
2

2.1. Patients

The electronic medical records atWest ChinaHospital of Sichuan
University were retrospectively reviewed for all pediatric patients
with DTC who were treated with RAI for remnant ablation,
adjuvant treatment, or treatment of known disease between July
2007 and February 2019. The inclusion criteria were as follows:
patients aged �18 years at the time of RAI treatment[28]; all
pediatric patients with documented DTC who underwent total
thyroidectomy or near-total thyroidectomy, central node dissec-
tion, and/or lateral neck dissection, postoperative RAI treatment,
and thyroid-stimulating hormone (TSH) suppressive therapy;
access to electronic medical records; those who has undergone
renal function test before RAI treatment; and those who had
undergone complete blood count (CBC) before and more than 1
year after RAI treatment. Inclusion was per treatment (and not
per patient), as patients could have received several treatments.
Some cases were excluded depending on the data available, for
example, treatments without sufficient data on electronic medical
record, renal function, or CBC. The activity of RAI was based on
empirical dosing defined by the treating physician. In cases where
several RAI treatments were prescribed with some before the
patient has reached 18 years of age and some after, some
belonging to the pre-puberty and some to the puberty groups,
only the treatments applied when the patients were below 18
years of age and belonging to pre-puberty or puberty groups were
included with data of the number of previous treatments and the
cumulative dose. Exclusion criteria were histopathological
diagnoses other than DTC, active concomitant malignancy,
current treatment with chemotherapy, kinase inhibitors or
immunotherapy, and hematological disease.
In this study, all the pediatric patients were divided into the pre-

puberty and puberty groups according to their pubertal stages
(girls’ menarche and boys’ first emission) at each RAI treatment.
More specifically, girls after menarche were classified as the
pubertal group, while others were classified as pre-pubertal.[29]

According to the “Report on the Physical Fitness and Health
Surveillance of Chinese School Students (1991)”, the mean age of
boys’ first emissionwas13.84 years of age inBeijing.[30] Therefore,
we classified boys aged ≥14 years as the pubertal group, while the
younger boys were classified as the pre-pubertal group.

2.2. Data Collection

The following data were collected: age at the time of treatment;
sex; tumor size and histology; tumor-node-metastasis (TNM)
stage according to the American Joint Committee on Cancer
(AJCC) staging manual eighth edition[31]; current RAI activity;
cumulative RAI activity; renal function (e.g., blood creatinine,
urea level and the estimated glomerular filtration rate [eGFR]);
and CBC before and after RAI treatment, including red blood cell
(RBC), hemoglobin (Hb), platelet (PLT), white blood cell (WBC),
neutrophil (NEUT), lymphocyte (LYMPH). Additional data were
collected for hospitalizations, acute infections, blood trans-
fusions, or treatment with granulocyte colony-stimulating factor
within 1 year following RAI treatment. Bone marrow suppres-
sion was defined as the suppression of bone marrow function as a
result of significant reduction in the number of RBC, Hb, PLT,
WBC, NEUT, and LYMPH according to Common Terminology
Criteria for Adverse Events (CTCAE) version 5.0.[32]

Whole-blood samples were processed by the Sysmex XE-5000
analyzer (Sysmex Corp., Kobe, Japan). Intervals assessed for
bone marrow function were as follows: baseline values (within 3
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months before RAI), 1.5–3 months, 3–6 months, 6–12 months
after RAI treatment.
2.3. Statistical Analysis

Statistical calculations were performed using IBM SPSS statistical
software (SPSS version 23.0 for Mac OS X). Continuous
descriptive variables were presented as means± standard devia-
tion (SD), and categorical variables were calculated as frequen-
cies or percentages. The association between clinicopathological
characteristics and pre-puberty/puberty was evaluated with
either the independent-sample t-test, x2 test, or Fisher exact test.
A paired-sample t test was used to compare CBC values at each
time point with the baseline values. Then, the bone marrow
function with/without suppression was compared between the
pre-pubertal and adolescent groups using x2 test or Fisher exact
test. Furthermore, the Mann-Whitney nonparametric U-test was
performed to analyze the different CTCAE grades of bone
marrow suppression in the 2 groups. The significance of multiple
clinical factors associated with bone marrow suppression
following RAI treatment was assessed using logistic regression
analysis. A P value of <.05 was considered as statistically
significant.
Figure 1. Flow chart of inclusion-exclusion of pediatric patients with DTC at the
belonging to the pre-puberty and some to the puberty groups. xIn cases where sev
18 years of age and some after. DTC=differentiated thyroid cancer, RAI= radioio
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3. Results

3.1. Patients

A total of 187 RAI treatments in 103 DTC patients who were
�18 years old at the time of treatment were eligible for analysis.
Among these, 74 RAI treatments were excluded due to the
following: missing data (n=48); cross puberty (n=16); >18
years old at the time of RAI treatment (patients who had two or
more RAI treatments, of which some were done when patients
were� 18 years old and some when patients were>18 years old;
n=5); or concomitant cancer treatment (n=5). Finally, in total,
113 RAI treatments in 83 patients met the inclusion criteria and
were analyzed (Fig. 1).
Of the total 113 RAI treatments in 83 pediatric patients, 22

treatments in 15 patients were administered at a pre-pubertal age
and 91 treatments in 68 patients were administered at a pubertal
age (Table 1). The mean age at the RAI treatment was much
lower in the pre-pubertal children than that in the pubertal ones
(P< .001). There was a preponderance of female patients in the
adolescent group, compared with that in the pre-pubertal group
(90% vs 53%; P= .002). The mean primary tumor size was
significantly higher in the pre-pubertal group than in the pubertal
one (P= .045). Regarding tumor histology, classical papillary
study.
∗
In cases where several RAI treatments were prescribed with some

eral RAI treatments were prescribed with some before the patient has reached
dine.
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Table 1

Clinicopathological characteristics of DTC in 83 pediatric patients
with 113 RAI treatments—comparison between pre-pubertal
children and adolescents.

Pre-puberty Puberty P value

Patient Characteristics
Included patients 15 (18%) 68 (82%) NA
Age (yr) <.001
Mean±SD (range) 11±2.4 (7–15) 16.2±2.1 (10–18)

Sex .002
Male: Female 7:8 7:61

Tumor size (mm) 33.6±16.7 26.3±11.4 .045
Histology .718
Classic PTC 15 (100%) 61 (90%)
Follicular variant PTC 0 5 (7%)
Diffuse sclerosing PTC 0 2 (3%)

TNM stage
∗

T1–3 9 (60%) 54 (79%) .209
T4 6 (40%) 14 (21%)
N0 0 4 (6%) .767
N1 15 (100%) 64 (94%)
M0 8 (53%) 56 (82%) .037
M1 7 (47%) 12 (18%)

AJCC stage
∗

.037
I 8 (53%) 56 (82%)
II 7 (47%) 12 (18%)

RAI treatments
Included RAI treatments 22 (19%) 91 (81%) NA
Number of RAI treatments .135
First 13 (59%) 65 (71%)
Second 4 (18%) 17 (19%)
Third 2 (9%) 7 (8%)
Fourth 2 (9%) 2 (2%)
Fifth 1 (5%) 0

Single RAI dose (mCi) .087
<100 3 (14%) 1 (1%)
100 9 (41%) 45 (49%)
150 4 (18%) 19 (21%)
200 6 (27%) 26 (29%)

Interval between treatments
(months)

15.0±15.1 10.3±5.7 .180

Cumulative RAI dose (mCi) 236.0±233.7 197.2±164.4 .448
eGFR (mL/min) 154.6±44.3 120.5±28.5 <.001
Urea (mmol/L) 3.9±1.0 4.0±1.2 .860
Creatinine (mmol/L) 67.0±19.9 68.6±15.1 .686

∗
AJCC Cancer Staging Manual, 8th edition.

AJCC=American Joint Committee on Cancer, DTC=differentiated thyroid carcinoma, eGFR=
estimated glomerular filtration rate, NA=not applicable, PTC=papillary thyroid carcinoma, RAI=
radioiodine, SD= standard deviation, TNM= tumor node metastasis.

Dong et al. Medicine (2020) 99:31 Medicine
thyroid carcinoma (PTC) was identified in all of the pre-pubertal
children and in 90% (61/68) of the adolescents. Extensive tumor
features at presentation were more prevalent in the pre-pubertal
children than in the pubertal group. T4 disease (T4a, tumor of
any size extending beyond the thyroid capsule to invade
subcutaneous soft tissues, larynx, trachea, esophagus, or
recurrent laryngeal nerve; T4b, tumor of any size invading
prevertebral fascia or encasing carotid artery or mediastinal
vessels) was found in 40% (6/15) of the pre-pubertal patients but
in only 21% (14/68) of the pubertal ones. Lymph node
metastases were observed in all pre-pubertal patients and in
94% (64/68) of the pubertal patients. Distant metastases and
stage II disease, according to the AJCC staging manual eighth
edition, were present in 47% (7/15) of the pre-pubertal children
while only in 18% (12/68) of the pubertal patients (P= .037).
4

3.2. RAI treatment

Of the 22 RAI treatments in pre-pubertal children analyzed, 59%
(13/22) had their first treatment, 18% (4/22) - second treatment,
9% (2/22) - third treatment, 9% (2/22) - fourth treatment,
and 5% (1/22) - fifth treatment; for the 91 RAI treatments in
the pubertal group, 71% (65/91) had their first treatments, 19%
(17/91) - second treatments, 8% (7/91) - third treatments, and
2% (2/91) - fourth treatments (Table 1). A low activity of < 100
mCi was administered in only 14% (3/22) and 1% (1/91) of the
treatments in the pre-pubertal and pubertal groups, respectively.
Higher activities were administered in 86% (19/22) of
the treatments in pre-pubertal group as follows: 100 mCi in
41% (9/22) of the patients; 150 mCi in 18% (4/22) of the
patients; and 200 mCi in 27% (6/22) of the patients. For 99%
(90/91) of treatments in adolescents, the proportions were 49%
(45/91), 21% (19/91), and 21% (19/91), respectively. The mean
intervals between repeated treatments, mean single administered
RAI activity, mean cumulative activity, and renal function at the
time of the treatment (including urea, serum creatinine, and
estimated glomerular filtration rate [eGFR]) are presented in
Table 1. All patients were prepared for the RAI treatments by
thyroid hormone withdrawal (THW); patients who were
administered high activities (150–200 mCi) were prepared
through 1 to 2 weeks of prophylactic treatment for leukopenia
and thrombocytopenia before and after RAI treatment, and by
maintaining optimal intervals between repeated treatments.
There was no comorbidity in both groups.

3.3. Bone marrow function

For pre-pubertal children at the time period of 1.5 to 3 months
after RAI treatment, there was a slight but statistically significant
decrease in the count of RBC (8.0% decrease; P< .001), Hb
(6.5% decrease; P< .001), andWBC (20.4% decrease; P= .003);
for pubertal group, the bone marrow suppression measurements
were: RBC (6.4% decrease; P< .001), Hb (5.3% decrease;
P< .001), PLT (5.2% decrease; P= .020), and WBC (13.1%
decrease; P< .001; Table 2). The decrease in WBC counts was
mostly due to the reduction in LYMPH counts: 43.5% decrease
in the pre-pubertal group (P< .001) and 34.8% decrease in the
pubertal (P< .001) group, with no significant change in
neutrophil counts. On the subgroup analyses, the most sensitive
type of blood cell was WBC, which showed sharp decrease after
treatment with ≥ 100 mCi, especially in the pre-pubertal children
as compared with that in pubertal group (17.3% vs 13.1%
decrease; Table 2). Although there was a slight decrease in the
counts of RBC, Hb, PLT, and WBC in the group of pre-pubertal
children treated with≥ 150mCi, it is plausible that because of the
relatively small cohort (n=10), the statistical power was
insufficient to detect the significant CBC decrease. In contrast,
bone marrow suppression in the adolescent group treated with ≥
150 mCi (n=45) was significant as detected by the reduction in
RBC (6.4% decrease; P< .001), Hb (4.4% decrease; P< .001),
PLT (6.6% decrease; P= .022),WBC (14.5%decrease; P< .001),
and LYMPH (36.4% decrease; P< .001). Further analysis of
bone marrow suppression in pre-pubertal children and adoles-
cents treatedwith 100mCi, 150mCi, and 200mCi is presented in
Table 2. Both in the pre-pubertal and pubertal groups, RBC, Hb,
PLT, WBC, and LYMPH levels gradually recovered after 3 to 6
months of RAI treatment (Fig. 2). None of the patients, including
the 4 pre-pubertal children with a mean age of 10.8 years (range
9–13 years) with 6 RAI treatments who received 200 mCi,



Table 2

Comparison of CBCs at baseline and CBCs after 1.5–3 months of RAI treatment according to puberty.

Pre-puberty (n=22) Puberty (n=91)

n Baseline 1.5–3 months P Value n Baseline 1.5–3 months P Value

RBC, 3.8–5.1∗1012/L 5.0±0.5 4.6±0.5 <.001 4.7±0.4 4.4±0.4 <.001
<100 mCi 3 4.6±0.2 4.3±0.2 .187 1 5.1 4.4 NA
100 mCi 9 5.0±0.4 4.6±0.5 .001 45 4.7±0.4 4.4±0.4 <.001
150 mCi 4 5.1±0.8 4.9±0.4 .272 19 4.7±0.4 4.3±0.3 .002
200 mCi 6 5.0±0.3 4.6±0.7 .158 26 4.7±0.5 4.4±0.4 <.001
≥ 100 mCi 19 5.0±0.5 4.6±0.6 <.001 90 4.7±0.4 4.4±0.4 <.001
≥ 150 mCi 10 5.0±0.5 4.7±0.6 .057 45 4.7±0.4 4.4±0.4 <.001

Hb, 115–150 g/L 138.0±13.5 129.0±14.2 <.001 137.3±13.8 130.0±12.5 <.001
<100 mCi 3 132.0±7.9 123.0±5.6 .028 1 142 125 NA
100 mCi 9 136.3±17.7 125.0±16.0 .007 45 138.0±14.0 130.0±12.4 <.001
150 mCi 4 136.3±7.8 132.3±11.6 .206 19 136.1±13.2 129.3±12.1 .014
200 mCi 6 144.7±11.0 135.8±15.1 .147 26 136.6±14.7 131.1±13.5 .006
≥ 100 mCi 19 138.9±14.1 129.9±15.0 .001 90 137.2±13.9 130.1±12.6 <.001
≥ 150 mCi 10 141.3±10.3 134.4±13.2 .060 45 136.4±13.9 130.4±12.8 <.001

PLT, 100–300∗109/L 185.1±80.6 171.5±95.7 .211 220.0±69.7 208.5±51.3 .020
<100 mCi 3 176.3±94.0 167.3±104.0 .755 1 175 218 NA
100 mCi 9 217.4±77.5 210.3±107.6 .735 45 208.5±67.0 200.0±49.0 .233
150 mCi 4 182.3±65.0 159.8±97.1 .480 19 211.5±64.1 197.6±51.1 .167
200 mCi 6 142.8±86.7 123.3±65.6 .267 26 247.8±73.9 231.5±50.8 .074
≥ 100 mCi 19 186.5±81.1 172.2±97.3 .240 90 220.5±70.0 208.4±51.5 .015
≥ 150 mCi 10 158.6±77.4 137.9±76.7 .163 45 232.5±71.5 217.2±53.1 .022

WBC, 3.5–9.5∗109/L 5.4±1.5 4.3±1.2 .003 6.1±1.4 5.3±1.3 <.001
<100 mCi 3 6.6±1.7 4.8±1.1 .221 1 6.1 6.3 NA
100 mCi 9 6.0±1.7 4.4±1.6 .011 45 6.1±1.4 5.4±1.1 <.001
150 mCi 4 4.6±1.1 4.8±0.8 .653 19 6.0±1.7 5.3±1.7 .112
200 mCi 6 4.4±0.8 3.7±1.0 .211 26 6.3±1.2 5.3±1.3 .001
≥ 100 mCi 19 5.2±1.5 4.3±1.3 .010 90 6.1±1.4 5.3±1.3 <.001
≥ 150 mCi 10 4.5±0.9 4.2±1.0 .363 45 6.2±1.4 5.3±1.5 <.001

LYMPH, 1.1–3.2∗109/L 2.3±0.7 1.3±0.5 <.001 2.3±0.6 1.5±0.4 <.001
<100 mCi 3 2.9±0.8 1.5±0.3 .046 1 2.1 1.8 NA
100 mCi 9 2.5±0.9 1.3±0.6 <.001 45 2.4±0.7 1.5±0.5 <.001
150 mCi 4 1.9±0.5 1.6±0.1 .226 19 2.2±0.5 1.4±0.3 <.001
200 mCi 6 1.9±0.2 1.0±0.1 <.001 26 2.2±0.7 1.4±0.4 <.001
≥ 100 mCi 19 2.2±0.7 1.3±0.5 <.001 90 2.3±0.6 1.5±0.4 <.001
≥ 150 mCi 10 1.9±0.3 1.2±0.3 .001 45 2.2±0.6 1.4±0.4 <.001

CBCs= complete blood counts, Hb=hemoglobin, LYMPH= lymphocyte, NA=not applicable, PLT=platelet, RAI= radioiodine, RBC= red blood cell, WBC=white blood cell.
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required treatment for cytopenia with colony-stimulating factors,
or blood transfusions during the first year of follow-up.
Bone marrow suppression occurring within 1.5 to 3 months of

RAI treatment according to CTCAE version 5.0 (as compared
with baseline levels) both in the pre-pubertal and pubertal groups
is shown in Tables 3 and 4. Approximately 51% to 96% of
hypocellular bone marrow, and 11% to 14% of anemia were
observed in the pre-pubertal and pubertal groups, with amajority
of mild (Grade 1–2) and minority of moderate (Grade 3) bone
marrow suppression. However, no significant differences in the
bone marrow function after RAI treatment were observed
between the two groups (Table 3). Further analyses for the
different CTCAE grades in each blood cell type in the cohort
revealed that the majority of bone marrow suppression was mild
(Grade 1–2), with a minority showing moderate suppression
(Grade 3). Similarly, there was no significant difference in
CTCAE grades detected in each blood cell type between pre-
pubertal children and adolescents (Table 4).
The correlations between the patients’ characteristics, includ-

ing sex, age, single RAI dose, cumulative RAI dose, the total RAI
treatments, intervals between repeated treatments, renal function
(eGFR) at the time of the treatment, and bone marrow
5

suppression are presented in Table 5. In the logistic regression
analysis, none of the factors tested was found to be significant
predictors of bone marrow suppression in the univariate
analyses.
4. Discussion

In this study, we evaluated the effect of the empirical RAI
treatment on bone marrow function in pediatric patients with
DTC. We compared for the first time the CBC count between 2
groups: the pre-pubertal and pubertal patients at different time
points: starting from within 3 months before the RAI treatment
and up to 1 year after the RAI treatment. We observed no
significant differences between the pre-pubertal and pubertal
groups in either the bone marrow function after the RAI
treatment, or in the different CTCAE grades in each blood cell
type. Moreover, in this study, none of the clinical factors were
found to be significant predictors for bone marrow suppression
after RAI treatment in pediatric patients with DTC.
Specifically, our study revealed that between 1.5 and 3 months

after RAI treatment, approximately 51% to 96% of hypocellular
bone marrow, and 11% to 14% of anemia were observed in the

http://www.md-journal.com


Figure 2. Blood count values at baseline and 1.5–3months, 3–6months, and 6–12months after RAI treatment in pre-pubertal and pubertal groups.
∗
Blood counts

decreased compared to baseline (P< .05).
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pre-pubertal and pubertal groups, with a majority of mild (Grade
1–2) and minority of moderate (Grade 3) bone marrow
suppression. The grade of bone marrow suppression in our
study was consistent with previously published data showing the
6

mainly mild bone marrow suppression after RAI treatment.[27,33–
35] However, our findings revealed a much higher rate of bone
marrow suppression in pediatric patients than that reported in a
previous study, which found 11 (6 of Grade 1 and 5 of Grade 2)



Table 3

Comparison of bone marrow suppression (according to CTCAE
v.5.0) between the pre-pubertal and pubertal groups.

Bone marrow
suppression

∗
Pre-puberty
(n=22)

Puberty
(n=91) P value

RBC No 2 (9%) 15 (16%) .591
Yes 20 (91%) 76 (84%)

Hb No 19 (86%) 81 (89%) .715
Yes 3 (14%) 10 (11%)

PLT No 7 (32%) 36 (40%) .502
Yes 15 (68%) 55 (60%)

WBC No 5 (23%) 22 (24%) .886
Yes 17 (77%) 69 (76%)

NEUT No 10 (45%) 45 (49%) .736
Yes 12 (55%) 46 (51%)

LYMPH No 1 (5%) 4 (4%) .976
Yes 21 (95%) 87 (96%)

∗
Bone marrow function after 1.5–3 months of RAI treatment compared to baseline levels.

CTCAE v.5.0=Common Terminology Criteria for Adverse Events version 5.0, Hb=hemoglobin,
LYMPH= lymphocyte, NEUT=neutrophil, PLT=platelet, RBC= red blood cell, WBC=white blood
cell.

Table 5

Univariate analysis of the correlations between patient character-
istics and bone marrow suppression.

Characteristics
RAI treatments

(n=113) P value
Odds
ratio 95% CI

Sex
Female 91 .486 1.522 0.467–4.964
Male 22

Age
Pre-puberty 22 .886 0.922 0.305–2.790
Puberty 91

Single RAI dose (mCi)
>100 53 .144 1.926 0.800–4.637
� 100 60

Cumulative RAI dose (mCi)
≥ 400 19 .750 0.823 0.248–2.730
<400 94

Total number of RAI treatments
≥ 3 14 .662 1.322 0.379–4.613
<3 99

Interval between treatments
∗
(months)

≥ 9 18 .628 0.686 0.149–3.148
<9 17

Renal function-eGFR (mL/min)
≥ 120 57 .785 0.886 0.373–2.106
<120 56

∗
There were 35 instances of multiple RAI treatments.

CI=confidence interval, eGFR= estimated glomerular filtration rate, RAI= radioiodine.
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cases of transient bonemarrow suppression in 105 pediatric DTC
cases with 302 RAI treatments.[27] A possible explanation for this
discrepancy might be the timing. Bone marrow suppression
usually occur within 1 to 2 months after RAI treatment.[33] The
previous study, however, evaluated bonemarrow function within
1 week after the treatment, which may have been too short to
detect the reduction. In this study, we assessed bone marrow
suppression within 1.5 to 3 months after treatment, when the
effect was already more apparent.
Table 4

Comparison of CTCAE grades of bone marrow suppression
between the pre-pubertal and pubertal groups.

CTCAE Term/Grade
∗

Pre-puberty
(n=22)

Puberty
(n=91) Z P value

RBC hypocellularity –1.021 .307
1 19 (86%) 75 (83%)
2 1 (5%) 1 (1%)

Anemia –0.548 .584
1 3 (14%) 9 (10%)
2 0 1 (1%)

Thrombocytopenia –1.806 .071
1 10 (46%) 48 (53%)
2 5 (23%) 6 (7%)
3 0 1 (1%)

Leukopenia –1.802 .072
1 8 (36%) 48 (53%)
2 8 (36%) 20 (22%)
3 1 (5%) 1 (1%)

NEUT hypocellularity –0.261 .794
1 8 (36%) 32 (35%)
2 3 (14%) 12 (13%)
3 1 (5%) 2 (2%)

LYMPH hypocellularity –1.685 .092
1 1 (5%) 19 (21%)
2 14 (64%) 51 (56%)
3 6 (27%) 17 (19%)

∗
Grade1–2 was defined as mild bone marrow suppression; Grade 3 was defined as moderate

suppression.
CTCAE=common terminology criteria for adverse events, LYMPH= lymphocyte, NEUT=neutrophil,
RBC= red blood cell.
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Our study is the first to separately evaluate and compare bone
marrow function after RAI therapy in pre-pubertal and pubertal
DTC patient cohorts. Although an earlier study reported that pre-
pubertal DTC patients had a more aggressive presentation than
pubertal ones,[17] in our study, we found that there were no
significant differences in either bone marrow function or the
different CTCAE grades between the pre-pubertal and pubertal
groups after RAI treatment. Moreover, in contrast to the earlier
findings,[27,34,35] we could not detect the association between
bone marrow suppression after RAI treatment and clinical
factors including sex, age, tumor stage, single RAI dose,
cumulative dose, and total number of RAI treatments in pediatric
DTC patients. The reason for this discrepancy is not clear but it
may be caused by the limited sample size of the pre-pubertal
group (only 22 RAI treatments in 15 pre-pubertal children).
This study has 3 limitations. First, the puberty criteria we used

can differ slightly from the current standard. The current
internationally endorsed standard of defining puberty is the
Tanner stage, originating from the Harpenden Growth Study by
Marshall and Tanner in England during the 1960s–1970s.[36,37]

They collectedmixed longitudinal data on the physical changes at
puberty in 192 normal girls[36] and 228 boys[37] which were
characterized according to normal standards for 5 stages of
breast, genitalia, and pubic hair development. Usually, Tanner
stage 1 is defined as pre-puberty, while Tanner stages 2–5 are
defined as puberty.[17] Given the retrospective design of this
study, we could not evaluate the longitudinal development of
breast, genitalia, and pubic hair in these patients. Therefore, we
divided pediatric patients into pre-puberty and puberty groups
according to girls’menarche and boys’ first emission as presented
in the Methods section. Although menarche or first emission
serve as only a single event in the combination of secondary sex
characteristic changes at puberty, the development of breasts,
genitalia, and pubic hair and the adolescent growth spurt occur

http://www.md-journal.com
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almost simultaneously lasting for approximately 3 years, with
menarche and first emission emerging generally in the latter half
of this period.[36,37] Second, the limited sample size used in this
study was not optimal, especially in the pre-pubertal group,
which had the following limitations:
1)
 the different CTCAE grades in thrombocytopenia and
leukopenia were not significantly associated with the pre-
puberty/puberty;
2)
 none of the risk factors were shown as a significant predictor
of bone marrow suppression in the univariate analyses.

It is possible that with a larger data set, the different CTCAE
grades in thrombocytopenia and leukopenia would be signifi-
cantly associated with the pre-puberty/puberty, and the risk
factors such as cumulative RAI dose or total number of RAI
treatments would predict bone marrow suppression for pediatric
patients. Finally, we could not evaluate the risk of long-term
hematologic toxicity in the 1 year follow-up. As reported in
previous study, it took 5 years for the WBC and PLT counts to
recover to baseline levels after RAI treatment.[35]

In conclusion, we showed that empirical RAI treatment for
DTC in both pre-pubertal children and adolescents cause mild to
moderate bone marrow suppression with limited clinical
significance. With adequate preparations for RAI treatment,
empirical high activities (150–200 mCi) of RAI could be safe and
well tolerated for both pre-pubertal and pubertal DTC patients.
Future studies should define pre-puberty and puberty groups
according to the accurate evaluation of the longitudinal
development of breasts, genitalia, and pubic hair in pediatric
patients and perform a long-term follow up.
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