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Abstract
Radioactive iodine (RAI) is considered to be related with hematologic changes. This study aimed to evaluate influence of the first RAI
ablation on peripheral complete blood count (CBC) in patients with differentiated thyroid cancer (DTC).
Data of CBC at baseline and 6 months after RAI were obtained in 385 patients with DTCwith approximately 3700 MBq 131I (ranging

2220–7585MBq). Further comparisonwasdone in 196patientswith 1-month postablation data available. Routine blood examinations
were performed to determine impact of RAI on white blood cell (WBC), red blood cell (RBC), hemoglobin, platelet, neutrophil,
lymphocyte, andmonocyte in both sexes. Continuous variables were compared by paired t tests and independent samples t test, and
categorical variables were compared by chi-square analysis. Data with repeatedmeasurements were analyzed by analysis of variance.
The first RAI after thyroidectomy was associated with mild, yet significant declines in WBC, platelet, and lymphocyte, which

persisted for 6 months. One month after RAI, significant declines were found in all CBC, including RBC and hemoglobin (all P<0.05).
While CBC partly recovered 6 months after RAI, this follow-up CBC still demonstrated significant declines in WBC, platelet, and
lymphocyte (all P<0.05) without gender differences. Significant rises in RBC and hemoglobin in males and females were found. The
decline of platelet in females was more obvious than in males at 3700 to 4440 MBq of RAI. On the contrary, the rises of RBC and
hemoglobin in males were higher than in females. There were no significant complications during the follow-up.
WBC and platelet decreased obviously 1 month after RAI. While they partly recovered 6months after RAI, they were still lower than

the baseline. However, RBC and hemoglobin transiently decreased at 1month and then increased to levels even higher than baseline
6 months later. At 3700 to 4440 MBq of RAI, the decline of platelet in females was more obvious than in males. Yet, rises of RBC and
hemoglobin in males were higher than in females. The risks associated with these changes are unlikely to outweigh the potential
benefits of RAI in patients with DTC.

Abbreviations: CBC = complete blood count, DTC = differentiated thyroid cancer, Hb = hemoglobin, RAI = radioactive iodine,
RBC = red blood cell, rhTSH = recombinant human thyroid stimulating hormone, SD = standard deviation, THW = traditional thyroid
hormone withdrawal, WBC = white blood count.
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1. Introduction

Differentiated thyroid cancer (DTC) is the most common
endocrine malignancy and its incidence is increasing.[1] Radioac-
tive iodine (RAI) is a commonly used therapeutic modality in
patients with DTC after thyroidectomy, either for ablation of the
postsurgical thyroid remnant or for treatment of recurrent and
metastatic disease.[2] While high, cumulative administered
activities have been associated with an increased risk of
secondary malignancies,[3–5] life-threatening long-term compli-
cations from repeated RAI are rarely seen. However, side effects
including salivary gland dysfunction,[6,7] nasolacrimal
obstruction,[6–9] reproductive disturbances, conjunctivitis,[6,8]

and hematologic abnormalities[10,11] are not infrequently
observed in the first several months after RAI ablation.
Fortunately, majority of these early side effects are often transient
and barely have long-term clinical significance.
Despite anecdotal evidence of occasional bone marrow

suppression after a single treatment of RAI,[7] the risk of anemia,
leukopenia, and thrombopenia 6 months after an initial ablative
treatment of RAI is not well defined. Therefore, we evaluated the
potential impact of RAI after traditional thyroid hormone
withdrawal (THW) on the complete blood count (CBC) in 6-
month period, with emphasized focus on gender and age.
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Table 1

Baseline characteristics of the patients.

Items Composition

Gender
Female 283 (73.50%)
Male 102 (26.50%)

Age, y
Mean±SD 47.36±12.18

Extent of surgery
Total thyroidectomy 385 (100%)

Histology
PTC 350 (90.91%)
FVPTC 31 (8.05%)
FTC 4 (1.03%)
HCC 0

TNM stage
I 201 (52.20%)
II 22 (5.71%)
III 102 (26.49%)
IV 60 (15.58%)
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2. Methods

2.1. Patients

In this retrospective review, we evaluated a consecutive series of
385 patients with DTC, from the year 2012 to 2015, undergoing
initial RAI remnant ablation (after total thyroidectomy) in whom
a CBC was available in the medical record both at the time of
ablation (1–3 months after surgery) and at the time of the first
follow-up whole-body scan approximately 6 months later.
Patients were excluded from the study if they were taking any
medications known to affect CBC, if they received a second dose
of RAI within 6 months, if they were known to have any baseline
hematologic diseases or any abnormalities in CBC prior to initial
RAI therapy, or if they received external beam radiation therapy
and/or chemotherapy before RAI ablation or within 6 months. In
addition, 197 of 385 patients with DTC also had CBC records 1
month after RAI therapy. This study received approval from our
Institutional Ethical Review Board.
Administered RAI activity, MBq
Mean±SD 3852.07±342.25
Median 3811
Range 2220–7585

FTC= follicular thyroid cancer, FVPTC= follicular variant of papillary thyroid cancer, HCC=Hurthle cell
cancer, PTC=papillary thyroid cancer, RAI= radioactive iodine, SD= standard deviation.
2.2. Protocol

All RAI remnant ablation was performed after THW prepara-
tion. In brief, all patients were instructed to follow a low iodine
diet before, during, and 1 month after RAI therapy. Patients were
taken off levo-thyroxine 3 to 4 weeks before RAI therapy. RAI
dose was administered orally. Patients were encouraged to drink
more water after ablation therapy and to empty bladder as soon
as possible. Post-therapy whole-body scan was performed 3 to 5
days later. Whole-body radioactivity after RAI ablation was
monitored at least once a day by using a hand-held portable
ionchamber survey meter at a distance of 1 m from the middle of
the neck. Patients were hospitalized for a period of 4 to 5 days and
were advised to sleep separately for a period of 7 days and to limit
close contact with relatives for the same period. The administered
activity was selected based on the findings of clinicopathological
features, the extent of regional and distant metastases, diagnostic
whole-body scans, age, renal as well as cardiac function of each
individual case.[12] An automated CBC was obtained <3 days
before RAI administration. Repeated RAI or diagnostic scan was
taken approximately 6 months after the initial RAI therapy when
hematologic parameters were re-examined.
2.3. Parameter measurement

All serum blood tests were performed in the hematology
laboratory at Tianjin Medical University General Hospital using
an automated CBC analyzer (Sysmex xn-2000, Sysmex Corpo-
ration, Kobe, Japan). The normal range of hemoglobin (Hb) was
130 to 175 and 115 to 150g/L for males and females,
respectively, and red blood cell (RBC) 4.3 to 5.8�1012/L and
3.8 to 5.1�1012/L for males and females, respectively. The
normal range of white blood cell (WBC), platelet, neutrophil, and
lymphocyte were 3.5 to 9.5�109/L, 125 to 350�109/L, 1.8 to
6.3�109/L, and 1.1 to 3.2�109/L for both genders, respectively.
2.4. Statistical analysis

Data were generally presented as the mean± standard deviation
(SD). Continuous variables were compared by using paired t tests
and independent samples t test, and categorical variables were
compared by using chi-square analysis. Data with repeated
measurements were analyzed by using analysis of variance. A P
value of <0.05 was considered statistically significant. All
2

statistical analyses were performed by using Statistical Product
and Service Solutions version 21.0 for Windows.
3. Results

3.1. Clinical characteristics

There were 385 patients with DTC, who had a CBC available for
review both before the first RAI ablation and 5.45±1.19 months
(range 3–9 months) after the first RAI ablation (Table 1). The
majority were females (73.50%) with a mean age of 47.36 years.
All had undergone total thyroidectomy for predominantly
papillary thyroid cancer (90.91%) and follicular variant of
papillary thyroid cancer (8.05%). The median administered RAI
activity was 3811 MBq (range 2220–7585 MBq).
3.2. CBC findings in the full cohort

Six months after the first RAI therapy, 4.16% of patients (n=16)
exhibited abnormal WBC, 12.99% (n=50) abnormal Hb,
11.17% (n=43) abnormal RBC, 5.19% (n=20) abnormal
platelet, 5.97% (n=23) abnormal neutrophil, and 6.75% (n=
26) abnormal lymphocyte.
Results of CBC findings before and after RAI were shown in

Table 2. Even though the mean remained within the normal
reference range during follow-up, significant declines in WBC,
platelet, and lymphocyte were seen 6 months after RAI ablation.
On the contrary, significant increases were seen in RBC and Hb.
No significant changes in neutrophil and monocyte were
detected. At the 6-month re-evaluation point, no patient suffered
severe hematologic complications. None had thrombopenia
(lowest platelet count of 113�109/L). One patient had
leukopenia (WBC of 2.8�109/L) and 3 female patients had
anemia (Hb < 100g/L). The patient who had leukopenia was
requested to take oral Leucogen tablets (20mg tid). The 3 patients
who had anemia (Hb < 100g/L) were requested to take oral



Table 2

Complete blood cell changes before and after RAI ablation for all patients.

Before RAI ablation 6 mo after RAI ablation D
∗

P

WBC, 109/L, mean±SD 6.35±1.50 5.95±1.51 �0.40±1.33 <0.001
RBC, 1012/L, mean±SD 4.64±0.40 4.77±0.45 0.14±0.29 <0.001
Hb, g/L, mean±SD 139.47±12.13 142.03±14.48 2.56±8.86 <0.001
Platelet, 109/L, mean±SD 254.49±58.77 250.87±61.85 �3.62±35.71 0.048
Neutrophil, 109/L, mean±SD 3.83±1.19 3.72±1.24 �0.12±1.17 0.049
Lymphocyte, 109/L, mean±SD 2.08±0.70 1.81±0.57 �0.27±0.50 <0.001
Monocyte, 109/L, mean±SD 0.28±0.11 0.29±0.11 0.0003±0.11 0.96

Hb=hemoglobin, RAI= radioactive iodine, RBC= red blood cell, SD= standard deviation, WBC=white blood cell.
∗
Changes before and after RAI ablation.

Table 3

Complete blood cell changes before and after RAI ablation according to gender.

Gender Descriptors Before RAI ablation 6 mo after RAI ablation D
∗

P† P‡

WBC, 109/L Male Mean±SD 6.65±1.50 6.34±1.63 �0.30±1.40 0.031 0.41
Female Mean±SD 6.24±1.49 5.81±1.44 �0.43±1.30 <0.001

RBC, 1012/L Male Mean±SD 4.99±0.38 5.18±0.42 0.18±0.28 <0.001 0.049
Female Mean±SD 4.51±0.33 4.63±0.36 0.12±0.29 <0.001

Hb, g/L Male Mean±SD 151.65±10.17 156.35±12.28 4.71±7.41 <0.001 0.004
Female Mean±SD 135.08±9.51 136.87±11.43 1.79±9.21 0.001

Platelet, 109/L Male Mean±SD 240.17±61.29 242.31±65.10 2.15±39.27 0.58 0.06
Female Mean±SD 259.65±57.07 253.95±60.45 �5.7±34.18 0.005

Neutrophil, 109/L Male Mean±SD 4.03±1.18 4.05±1.32 0.02±1.40 0.91 0.18
Female Mean±SD 3.76±1.19 3.60±1.19 �0.16±1.08 0.011

Lymphocyte, 109/L Male Mean±SD 2.11±0.92 1.84±0.75 �0.26±0.49 <0.001 0.89
Female Mean±SD 2.07±0.60 1.80±0.50 �0.27±0.5 <0.001

Monocyte, 109/L Male Mean±SD 0.32±0.13 0.31±0.13 �0.004±0.2 0.79 0.66
Female Mean±SD 0.27±0.10 0.27±0.10 0.002±0.1 0.77

Hb=hemoglobin, RAI= radioactive iodine, RBC= red blood cell, SD= standard deviation, WBC=white blood cell.
∗
Changes before and after RAI ablation.

† Comparison between baseline and follow-up by paired t-test.
‡ Comparison of changes between males and females by independent samples t test.

Hu et al. Medicine (2016) 95:35 www.md-journal.com
Shengxuening tablets (0.1g tid). The main ingredients are 2-
thiazolidineacetic acid, 4-carboxy-alpha-phenyl-, alpha-ethyl
ester for Leucogen and sodium iron chlorophyllin for Shengxu-
ening, respectively. They recovered rapidly after oral medicine
therapy. Compared with the preablation data, the follow-up data
done 6 months later revealed that WBC count was lower in
62.08% of the patients, platelet count lower in 55.06% of the
patients, yet Hb lower in 29.09% of the patients.
3.3. CBC findings analyzed by gender

Gender appeared to have little effect on the baseline CBC as no
significant differences were detected in the baseline hematologic
parameters. There were no significant differences on WBC,
platelet, neutrophil, lymphocyte, and monocyte changes between
Table 4

Mean changes in blood cells (6 months after RAI treatment from bas

Administered
activity, MBq n

DWBC±SD,
109/L

DRBC±SD,
1012/L

DHb±SD,
g/L

<3700 17 �0.35±2.07 0.18±0.18 5.003±4.80
3700–4440 349 �0.38±1.30 0.13±0.29 2.30±4.80
≥4440 19 �0.73±1.11 0.15±0.32 5.21±10.84
Total 385 �0.04±1.33 0.14±0.29 2.56±8.86
ANOVA P=0.54 P=0.77 P=0.19

D=changes before and after RAI ablation, ANOVA= analysis of variance, Hb=hemoglobin, RAI= radio
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male and female when comparing the baseline data with those
obtained at 6-month follow-up (Table 3). Significant differences
were found on RBC and Hb changes between males and females.
These changes in males were more obvious than in females (0.18
±0.28 vs 0.12±0.29�1012/L for RBC, P=0.049; 4.71±7.41 vs
1.79±9.21g/L for Hb, P=0.004).
3.4. CBC findings analyzed by administered RAI activity

Over the range of different administered activities in this study,
no significant dose–response relationship was detected in CBC
between baseline and follow-up (Table 4). RAI activity grouping
was based on the empiric dosing categories according to our
experience: <3700, 3700 to 4440, and more than 4440 MBq. In
terms of platelet, a significant difference of the changed value was
eline) according to administered activity of RAI.

DPlatelet±SD,
109/L

DNeutrophil
±SD, 109/L

DLymphocyte
±SD, 109/L

DMonocyte
±SD, 109/L

12.88±33.40 0.3±1.50 �0.37±0.84 0.01±0.16
�3.93±35.45 �0.11±1.17 �0.26±0.48 �0.0009±0.11
�12.68±39.64 �0.39±0.90 �0.37±0.48 0.01±0.09
�3.62±35.71 �0.12±1.17 �0.27±0.5 0.0003±0.11
P=0.09 P=0.52 P=0.46 P=0.83

active iodine, RBC= red blood cell, SD= standard deviation, WBC=white blood cell.
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Table 5

Mean blood cell changes 6 months after the first RAI treatment for male and female according to RAI dose.

Administered
activity, MBq Gender n

DWBC±SD,
109/L

DRBC±SD,
1012/L

DHb±SD,
g/L

DPlatelet
±SD, 109/L

DNeutrophil
±SD, 109/L

DLymphocyte
±SD, 109/L

DMonocyte
±SD, 109/L

<3700 Male 5 �0.25±0.96 0.11±0.17 2.6±3.91 �0.6±9.86 0.19±0.28 �0.50±0.94 0.08±0.15
Female 12 �0.39±2.42 0.21±0.18 6.00±4.91 18.50±38.34 �0.04±1.80 �0.31±0.83 �0.02±0.15

3700–4440 Male 91 �0.25±1.41 0.19±0.28 4.81±7.41 4.07±40.17 0.05±1.44 �0.23±0.46 �0.01±0.15
Female 258 �0.43±1.25 0.11±0.29 1.41±9.18 �6.75±33.26 �0.17±1.06 �0.27±0.49 0.003±0.10

≥4440 Male 6 �1.14±1.44 0.19±0.41 4.83±10.23 �24.67±33.15 �0.68±1.29 �0.51±0.16 0.03±0.09
Female 13 �0.54±0.92 0.13±0.30 5.38±11.51 �7.15±42.36 �0.26±0.68 �0.30±0.37 0.002±0.09

Total Male 102 �0.30±1.40 0.18±0.28 4.71±7.41 2.15±39.27 0.02±1.40 �0.26±0.49 �0.004±0.15
Female 283 �0.43±1.30 0.12±0.29 1.79±9.21 �5.70±34.18 �0.16±1.08 �0.27±0.5 0.002±0.1

ANOVA P=0.66 P=0.36 P=0.02 P=0.02 P=0.51 P=0.70 P=0.55

D=changes before and after RAI ablation, ANOVA= analysis of variance, Hb=hemoglobin, RAI= radioactive iodine, RBC= red blood cell, SD= standard deviation, WBC=white blood cell.
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found between the<3700MBq group and more than 4440MBq
group by post-hoc test (12.88±33.40 vs �12.68±39.64, P=
0.032). When data were analyzed by different genders (Table 5),
significant differences in Hb and platelet were seen at 3700 to
4440 MBq levels of administered activities (both P=0.02). By
multiple comparison, significant differences were detected in
RBC, Hb, and platelet between males and females when we
compared CBC at baseline with follow-up. In specific, in 3700 to
4440 MBq group, rising changes in males were more obvious
than in females for RBC and Hb (0.19±0.28 vs 0.11±0.29�
1012/L, P=0.04 for RBC; 4.81±7.41 vs 1.41±9.18g/L, P=
0.002 for Hb). While significant rise was found in the platelet
count formale, significant decline was detected for female (4.07±
40.17 vs �6.75±33.26�109/L, P=0.01).
In addition, there was no significant difference in the

administered RAI activities received by those patients who
developed leukopenia at the 6-month follow-up (n=7, 3930±
299MBq) comparedwith those patients in whomWBC remained
within the normal range (n=369, 3854±341 MBq). There was
no significant difference in administered RAI activities given to
those who developed erythropenia in 6months (n=5, 3700±454
MBq) compared with those whomaintained a normal RBC range
(n=359, 3858±353 MBq). Likewise, there were no significant
differences for thrombopenia group (n=2, 4015±78 MBq)
versus normal platelet group (n=365, 3847±334MBq), and for
anemia group (n=13, 3905±230MBq) versus normal Hb group
(n=335, 3845±354 MBq).
3.5. CBC findings analyzed by age

As shown in Table 6, we did not detect significant CBC changes
with increased age groups. Similar results were demonstrated if
data were analyzed by male and female separately (Table 7). By
Table 6

Mean changes in blood cell changes (6 months after RAI treatment

Age, y n
DWBC

±SD, 109/L
DRBC

±SD, 1012/L
DHb

±SD, g/L

<30 41 �0.47±1.22 0.15±0.30 3.85±8.15
30–40 65 �0.32±1.20 0.12±0.28 1.68±10.32
40–50 90 �0.26±1.66 0.16±0.30 3.24±7.84
50–60 124 �0.50±1.18 0.10±0.30 1.85±8.9
≥60 65 �0.42±1.29 0.16±0.26 3.06±8.99
Total 385 �0.04±1.33 0.14±0.29 2.56±8.86
ANOVA P=0.74 P=0.57 P=0.55

D=changes before and after RAI ablation, ANOVA= analysis of variance, Hb=hemoglobin, RAI= radio
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multiple comparison, significant difference was found between
male and female in 50 to 60 years group for platelet (12.00±
47.47 vs �3.26±30.82�109/L, P=0.04). In 40 to 50 years
group, significant differences were detected in RBC and Hb
between male and female (0.28±0.30 vs 0.11±0.29�1012/L,
P=0.02 for RBC; 6.84±8.38 vs 1.86±7.23g/L, P=0.02
for Hb).
Besides, the CBC values reached a nadir at 1-month post-RAI

therapy (Table 8). For example, the decrease of WBC from
baseline value was 12.69% and 7.11% at 1 and 6 months after
RAI therapy (both P<0.001). Interestingly, significant declines
were presented in RBC and Hb 1 month after the first RAI
treatment. However, 6 months later, significant rises were found
in RBC and Hb, even higher than baseline values.
4. Discussion

We found that RAI ablation with administered activities
approximating 3700 MBq was associated with significant
declines of WBC, platelet, and lymphocyte that persisted for at
least 6 months after ablation. However, the magnitudes of the
declines were without clinical significance. Hematologic toxicity
is a common side effect of RAI treatment.[7,13] Few studies
described the effects of a single-dose RAI on CBC. We were able
to make this clinical observation because of the relatively large
number of patients with DTC treated at our institution with
regular hematologic monitoring. Even thoughmild changes in the
CBC were not associated with adverse clinical outcomes,
significant decline in WBC, platelet, and lymphocyte was a
poignant reminder that RAI ablation could be associated with
mild bone marrow suppression for up to 6 months.
Several studies have demonstrated that RAI therapy, especially

repeated high-dose RAI treatments, can be associated with
from baseline) according to patients’ age.

DPlatelet
±SD, 109/L

DNeutrophil
±SD, 109/L

DLymphocyte
±SD, 109/L

DMonocyte
±SD, 109/L

�11.54±29.69 �0.04±1.17 �0.24±0.57 �0.03±0.14
�1.38±23.56 �0.13±1.16 �0.27±0.37 0.01±0.12
�4.42±40.26 �0.03±1.44 �0.26±0.49 0.02±0.11
�0.68±36.28 �0.14±0.96 �0.31±0.49 �0.01±0.11
�7.94±40.78 �0.24±1.18 �0.21±0.58 �0.01±0.09
�3.62±35.71 �0.12±1.17 �0.27±0.5 0.0003±0.11
P=0.28 P=0.82 P=0.78 P=0.14

active iodine, RBC= red blood cell, SD= standard deviation, WBC=white blood cell.
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Table 7

Mean blood cell changes 6 months after the first RAI treatment for male and female according to patients’ age.

Age, y Gender n
DWBC

±SD, 109/L
DRBC

±SD, 1012/L
DHb±
SD, g/L

DPlatelet
±SD, 109/L

DNeutrophil
±SD, 109/L

DLymphocyte
±SD, 109/L

DMonocyte
±SD, 109/L

<30 Male 15 0.06±1.25 0.18±0.35 5.60±6.68 �6.80±36.91 0.47±1.53 �0.12±0.56 �0.04±0.20
Female 26 �0.78±1.12 0.14±0.27 2.85±8.86 �14.27±25.02 �0.33±0.81 �0.32±0.57 �0.02±0.09

30–40 Male 19 �0.2±1.25 0.18±0.29 6.00±6.97 2.32±18.02 0.26±1.25 �0.31±0.39 0.002±0.13
Female 46 �0.45±1.16 0.10±0.27 0.11±10.99 �2.91±25.52 0.29±1.10 �0.25±0.36 0.014±0.12

40–50 Male 25 �0.007±1.72 0.28±0.30 6.84±8.38 �5.96±42.72 0.21±1.75 �0.33±0.39 0.048±0.12
Female 65 �0.36±1.64 0.11±0.29 1.86±7.23 �3.83±39.61 �0.12±1.31 �0.23±0.53 0.011±0.11

50–60 Male 32 �0.82±1.08 0.10±0.23 1.75±6.74 12.00±47.47 �0.39±0.81 �0.28±0.55 �0.037±0.14
Female 92 �0.38±1.20 0.10±0.31 1.88±9.58 �3.26±30.82 �0.05±0.99 �0.32±0.47 0.005±0.09

≥60 Male 11 �0.47±1.63 0.21±0.26 5.00±7.17 3.81±33.50 �0.29±1.78 �0.15±0.55 0.008±0.10
Female 54 �0.42±1.23 0.15±0.26 2.67±9.33 �10.33±41.97 �0.23±1.05 �0.23±0.59 �0.013±0.09

Total Male 102 �0.30±1.40 0.18±0.28 4.71±7.41 2.15±39.27 0.02±1.40 �0.26±0.49 �0.004±0.15
Female 283 �0.43±1.30 0.12±0.29 1.79±9.21 �5.70±34.18 �0.16±1.08 �0.27±0.5 0.002±0.1

AVOVA P=0.27 P=0.27 P=0.05 P=0.24 P=0.20 P=0.86 P=0.17

D=changes before and after RAI ablation, ANOVA= analysis of variance, Hb=hemoglobin, RAI= radioactive iodine, RBC= red blood cell, SD= standard deviation, WBC=white blood cell.

Table 8

Complete blood cell changes 1 month and 6 month after RAI treatment from baseline.

Before RAI ablation 1 mo after RAI ablation 6 mo after RAI ablation P
∗

P†

WBC, 109/L, mean±SD 6.28±1.63 5.48±1.51 5.84±1.58 <0.001 <0.001
RBC, 1012/L
Male, mean±SD 5.05±0.37 4.83±0.38 5.26±0.44 <0.001 <0.001
Female, mean±SD 4.49±0.35 4.25±0.36 4.62±0.37 <0.001 <0.001

Hb, g/L
Male, mean±SD 153.43±10.36 147.78±10.62 158.65±12.39 <0.001 <0.001
Female, mean±SD 134.95±9.73 129.42±10.30 136.11±12.65 <0.001 0.18

Platelet, 109/L, mean±SD 258.48±61.41 229.51±55.45 252.54±58.45 <0.001 0.03
Neutrophil, 109/L, mean±SD 3.70±1.24 3.35±1.26 3.56±1.25 <0.001 0.09
Lymphocyte, 109/L, mean±SD 2.13±0.79 1.66±0.52 1.86±0.64 <0.001 0.29
Monocyte, 109/L, mean±SD 0.29±0.11 0.36±0.12 0.29±0.12 <0.001 0.66

Hb=hemoglobin, RAI= radioactive iodine, RBC= red blood cell, SD= standard deviation, WBC=white blood cell.
∗
Comparison between baseline and 1 mo after RAI ablation.

† Comparison between baseline and 6 mo after RAI ablation.
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leukopenia, thrombopenia, and anemia, and even an
increased risk of leukemia.[3,4] For instance, the study of Haynie
and Beierwaltes[10] demonstrated a transient anemia in 35%with
a mean cumulative administered activity of 9509 MBq, transient
leukopenia in 10% with a mean cumulative activity of 12,284
MBq, and thrombopenia in 3% of the patients with a mean
cumulative activity of 17,316 MBq. WBC and platelet counts
normalized in all patients 1 year after RAI therapy, but anemia
persisted in 5% of the patients, which was probably related to the
much higher cumulative administered activity received by those
patients as compared to a single 3700 MBq RAI activity given to
our patients. Molinaro et al[7] evaluated the impact of a single
RAI ablation, after traditional THW or recombinant human
thyroid stimulating hormone (rhTSH) stimulation, on the CBC
obtained 1 year after RAI treatment. They found a significant
transient decrease of platelet and leukocyte counts, but they did
not discuss the gender differences on CBC changes. Padovani
et al[16] showed a significant decrease of blood cell counts in
patients with DTC (62%with distant metastases at presentation)
after repeated high-dose RAI treatments. Prinsen et al[15] also
showed platelet and leukocyte were transiently decreased after
repeated RAI therapies in a DTC population that was represented
by patients with abnormal blood counts.
RAI therapy requires a status of hypothyroidism, or a TSH

level of at least 30mIU/L.[2] RAI is primarily cleared from the
5

body by renal filtration, and total-body RAI clearance can be
reduced by 25% to 30% in patients with hypothyroidism.[17–19]

Estimated by cockcroft-gault formula, the majority of our cohort
of DTC patients’ creatinine clearance (112.57±32.80) was
among normal reference. Only 27 of 385 patients’ creatinine
clearance were below 75mL/min (according to KDIGO Clinical
Practice Guideline, mild chronic renal insufficiency is defined as
creatinine clearance<75mL/min).[20] So we consider the impact
of THW on renal function is generally small. But this issue is
important for such investigation, which should be taken into
consideration for our future studies. Since RAI is cleared from the
blood and body more rapidly after rhTSH preparation than
traditional THW.[21,22] Some reports demonstrated that the dose-
related side effects of RAI may be less likely to occur with the use
of rhTSH. Rosario et al[23] demonstrated that the mean decrease
percentage of platelet within the first 2 months after 3700 MBq
RAI ablation was higher in patients prepared with THW than
those prepared with rhTSH (45% vs 20%, P<0.01). However, a
recent study reported that the changes in total WBC and platelets
obtained 1 year after RAI treatment were not related to the
method of preparation or the administered activity of RAI.[7] The
use of rhTSH for the therapy of metastatic DTC is still
controversial.[24] Some studies show that rhTSH preparation is
just suitable for young patients with a limited extent of disease,
who have an overall good prognosis and a long disease-free
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survival. What is more, the cost of rhTSH preparation is
much more expensive than THW preparation. Besides, rhTSH
has not been introduced in China.
Surprisingly, we found a significant increase of RBC and Hb in

both male and female 6 months after treatment. A possible
explanation for this phenomenon could be that the short-term
hypothyroid state prior to the RAI treatment may have caused a
relatively anemic state, which recovers after the administration of
thyroid hormone after RAI therapy.[2,28] Furthermore, the
postsurgical state of patients could have caused a lowered Hb
level due to surgery-related blood loss. It is thus possible that the
baseline values of RBC and Hb in males and females were
relatively low. Relative sparing of RBC production after
radiation is also a common phenomenon,[7,29] which could
explain why decline of Hb was observed 1 month post-treatment
in our study. At the same time, some studies reported hormesis
effect on hematopoietic system induced by low-dose radiation
may be related to the increasing of cytokines.[30] This effect may
also give another possible explanation to the findings of the
present study.
Ionizing radiation dose-dependent declines in hematologic cells

have been documented.[31] Declines of lymphocyte and granulo-
cyte counts happen over hours, days, and weeks, respectively.
Decline of platelet count occurs over a period of days, consistent
with their half-life. Just like the development of salivary gland
side effects,[6,7] there appears to be much individualized
variability in the susceptibility to having a decline in WBC,
platelet, and lymphocyte, or a rise in RBC and Hb in response to
RAI exposure. Either the threshold for developing alterations in
the CBC differs among patients or factors other than adminis-
tered activity are having a significant impact on the actual bone
marrow dose. Alternatively, differences in patients’ ability to
repair radiation-induced damage could also contribute to
differences in susceptibility of an individual to develop CBC
abnormalities in response to RAI radiation. This retrospective
study cannot differentiate the cause of the individual dose–-
response variations. While no significant dose–response relation-
ship was detected in this study, we found that the dose of ablation
therapy has a significant impact on platelet. The <3700 MBq
group mostly consist of those low-risk DTC patients with little to
no residual functioning thyroid tissue in the neck or evidence of
significant metastatic disease. The more than 4440 MBq group
primarily compose of those high-risk DTC patients with
metastases and have a higher radiation burden. This is partly
proved that patients with high RAI uptake in their metastatic
lesions could be exposed to a larger administered activity in the
bone marrow with more subsequent damage of the blood cell
lineages.
In addition, another issue relating radiation needs a piece of

comment.Many participants in our study cohort tended to worry
about the radiation safety of RAI, even after our repeated
explanations about the RAI safeness if they follow our protocols.
They thought that ionizing radiation could be harmful to their
health, particularly the blood cells. For removing their fears, if
patients wanted to check their CBC at the follow-up 1 month
after RAI therapy in our hospital, we would oblige to perform
CBC test. This is the main reason that we had 197 of 385 DTC
patients’ data available in our CBC records 1 month after RAI
therapy.
This study has several limitations. First, our data presented a

short-term follow-up (6 months after ablation), we could not
determine long-term CBC changes. Second, this study did not
include lower dose (around 1110 MBq) for low-risk patients, we
6

plan to continue the study with wide range of RAI doses in the
future. Third, rhTSH is not available in China, so we cannot
compare the difference between rhTSH and THW. Forth, we did
not consider the impact of renal function of patients with
hypothyroidism on bone marrow function. Finally, we did not
measured bone marrow dose.
In conclusion, our study showed that after a single RAI

administration, WBC and platelet decreased continuously from 1
to 6 months, yet RBC and Hb transiently decreased at 1 month
and then increased to levels even higher than baseline. The decline
of platelet in females was more obvious than in males at 3700 to
4440 MBq RAI. On the contrary, the rises of RBC and Hb in
males were higher than in females. Due to these minor changes
were still among normal reference ranges and without clinical
significance (requiring immediate medical attention), clinicians
should not decrease the use of RAI ablation in moderate- to high-
risk DTC patients in whom the benefits of ablation are likely to
outweigh these minor risks.
References

[1] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J Clin
2016;66:7–30.

[2] Haugen BR, Alexander EK, Bible KC, et al. 2015 American Thyroid
Association Management Guidelines for adult patients with thyroid
nodules and differentiated thyroid cancer: the American Thyroid
Association Guidelines Task Force on thyroid nodules and differentiated
thyroid cancer. Thyroid 2016;26:1–33.

[3] Brown AP, Chen J, Hitchcock YJ, et al. The risk of second primary
malignancies up to three decades after the treatment of differentiated
thyroid cancer. J Clin Endocrinol Metabol 2008;93:504–15.

[4] Rubino C, de Vathaire F, Dottorini ME, et al. Second primary
malignancies in thyroid cancer patients. Br J Cancer 2003;89:
1638–44.

[5] Zhang Y, Liang J, Li H, et al. Risk of second primary breast cancer after
radioactive iodine treatment in thyroid cancer: a systematic review and
meta-analysis. Nucl Med Commun 2016;37:110–5.

[6] Alexander C, Bader JB, Schaefer A, et al. Intermediate and long-term side
effects of high-dose radioiodine therapy for thyroid carcinoma. J Nucl
Med 1998;39:1551–4.

[7] Molinaro E, Leboeuf R, Shue B, et al. Mild decreases in white blood cell
and platelet counts are present one year after radioactive iodine remnant
ablation. Thyroid 2009;19:1035–41.

[8] Kloos RT, Duvuuri V, Jhiang SM, et al. Nasolacrimal drainage system
obstruction from radioactive iodine therapy for thyroid carcinoma. J Clin
Endocrinol Metabol 2002;87:5817–20.

[9] de Keizer B, Hoekstra A, Konijnenberg MW, et al. Bone marrow
dosimetry and safety of high 131I activities given after recombinant
human thyroid-stimulating hormone to treat metastatic differentiated
thyroid cancer. J Nucl Med 2004;45:1549–54.

[10] Haynie TP, Beierwaltes WH. Hematologic changes observed following I-
131 therapy for thyroid carcinoma. J Nucl Med 1963;4:85–91.

[11] Schober O, Gunter HH, Schwarzrock R, et al. Long-term hematologic
changes caused by radioiodine treatment of thyroid cancer. I. Peripheral
blood changes. Strahlenther Onkol 1987;163:464–74.

[12] Tuttle RM, Brokhin M, Omry G, et al. Recombinant human TSH-
assisted radioactive iodine remnant ablation achieves short-term clinical
recurrence rates similar to those of traditional thyroid hormone
withdrawal. J Nucl Med 2008;49:764–70.

[13] Fard-Esfahani A, Emami-Ardekani A, Fallahi B, et al. Adverse effects of
radioactive iodine-131 treatment for differentiated thyroid carcinoma.
Nucl Med Commun 2014;35:808–17.

[14] Benua RS, Cicale NR, Sonenberg M, et al. The relation of radioiodine
dosimetry to results and complications in the treatment of metastatic
thyroid cancer. Am J Roentgenol Radium Ther Nucl Med 1962;87:
171–82.

[15] Prinsen HT, Hesselink ENK, Brouwers AH, et al. Bone marrow function
after (131)I therapy in patients with differentiated thyroid carcinoma. J
Clin Endocrinol Metabol 2015;100:3911–7.

[16] Padovani RP, Tuttle RM, Grewal R, et al. Complete blood counts are
frequently abnormal 1 year after dosimetry-guided radioactive iodine
therapy for metastatic thyroid cancer. Endocr Pract 2014;20:213–20.



[17] Bradley SE, Stephan F, Coelho JB, et al. The thyroid and the kidney. [24] Zanotti-Fregonara P, Hindie E, Toubert ME, et al. What role for

Hu et al. Medicine (2016) 95:35 www.md-journal.com
Kidney Int 1974;6:346–65.
[18] Ford RV, Owens JC, Curd GWJr, et al. Kidney function in various

thyroid states. J Clin Endocrinol Metabol 1961;21:548–53.
[19] Hlad CJJr, Bricker NS. Renal function and I131 clearance in

hyperthyroidism and myxedema. J Clin Endocrinol Metabol 1954;14:
1539–50.

[20] Wanner C, Tonelli M. Kidney Disease: Improving Global Outcomes
Lipid Guideline Development Work Group MembersKDIGO Clinical
Practice Guideline for Lipid Management in CKD: summary of
recommendation statements and clinical approach to the patient. Kidney
Int 2014;85:1303–9.

[21] Hanscheid H, Lassmann M, Luster M, et al. Iodine biokinetics and
dosimetry in radioiodine therapy of thyroid cancer: procedures and
results of a prospective International Controlled Study of Ablation after
rhTSH or hormone withdrawal. J Nucl Med 2006;47:648–54.

[22] Menzel C, Kranert WT, Dobert N, et al. rhTSH stimulation before
radioiodine therapy in thyroid cancer reduces the effective half-life of
(131)I. J Nucl Med 2003;44:1065–8.

[23] Rosario PW, Borges MA, Purisch S. Preparation with recombinant
human thyroid-stimulating hormone for thyroid remnant ablation with
131I is associated with lowered radiotoxicity. J Nucl Med 2008;49:
1776–82.
7

recombinant human TSH in the treatment of metastatic thyroid cancer?
Eur J Nucl Med Mol Imaging 2009;36:883–5.

[25] Molinaro E, Viola D, Passannanti P, et al. Recombinant human TSH
(rhTSH) in 2009: new perspectives in diagnosis and therapy. Q J Nucl
Med Mol Imaging 2009;53:490–502.

[26] LusterM, SchlumbergerM, Pacini F. Comment on: Recombinant human
TSH in differentiated thyroid cancer: a nuclear medicine perspective. Eur
J Nucl Med Mol Imaging 2009;36:329–30.

[27] Duntas LH, Cooper DS. Review on the occasion of a decade of
recombinant human TSH: prospects and novel uses. Thyroid 2008;18:
509–16.

[28] Golde DW, Bersch N, Chopra IJ, et al. Thyroid hormones stimulate
erythropoiesis in vitro. Br J Haematol 1977;37:173–7.

[29] Larson SM, Raubitschek A, Reynolds JC, et al. Comparison of bone
marrow dosimetry and toxic effect of high dose 131I-labeled monoclonal
antibodies administered to man. Int J Rad Appl Instrum B 1989;16:
153–8.

[30] Chun SH, Park GY, Han YK, et al. Effect of low dose radiation on
differentiation of bone marrow cells into dendritic cells. Dose Response
2012;11:374–84.

[31] Dainiak N. Hematologic consequences of exposure to ionizing radiation.
Exp Hematol 2002;30:513–28.

http://www.md-journal.com

	Influence of the first radioactive iodine ablation on peripheral complete blood count in patients with differentiated thyroid cancer
	1 Introduction
	2 Methods
	2.1 Patients
	2.2 Protocol
	2.3 Parameter measurement
	2.4 Statistical analysis

	3 Results
	3.1 Clinical characteristics
	3.2 CBC findings in the full cohort
	3.3 CBC findings analyzed by gender
	3.4 CBC findings analyzed by administered RAI activity
	3.5 CBC findings analyzed by age

	4 Discussion
	References


