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We evaluated the efficacy of recombinant human thyroid-stimulating hormone (rhTSH)
versus thyroid hormone withdrawal (THW) prior to radioiodine remnant ablation (RRA) in
thyroid cancer. A systematic search of MEDLINE, EMBASE, the Cochrane Library, and
SCOPUS was performed. Randomized controlled trials that compared ablation success
between rhTSH and THW at 6 to 12 months following RRA were included in this study. Six
trials with a total of 1,660 patients were included. When ablation success was defined as a
thyroglobulin (Tg) cutoff of 1 ng/mL (risk ratio, 0.99; 95% confidence interval, 0.96-1.03)
or a Tg cutoff of 1 ng/mL plus imaging modality (RR 0.97; 0.90-1.05), the results of rhTSH
and THW were similar. There were no significant differences when ablation success was
defined as a Tg cutoff of 2 ng/mL (RR 1.03; 0.95-1.11) or a Tg cutoff of 2 ng/mL plus
imaging modality (RR 1.02; 0.95-1.09). When a negative "*'I-whole body scan was used
solely as the definition of ablation success, the effects of rhTSH and THW were not
significantly different (RR 0.97; 0.93-1.02). Therefore, ablation success rates are
comparable when RRA is prepared by either rhTSH or THW.
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INTRODUCTION

The global incidence of thyroid cancer has increased sharply
since the mid-1990s in both males and females (1). There is no
effective neoadjuvant therapy or alternative therapy, other than
surgery, for thyroid cancer of any stage (2). After near-total or
total thyroidectomy, radioiodine is administered to destroy any
microscopic deposits of thyroid carcinoma as well as any remain-
ing normal thyroid tissue (3). Radioiodine remnant ablation
(RRA) is performed following thyroid-stimulating hormone
(TSH) elevation and a low-iodine diet (4).

TSH elevation can be achieved by two approaches, thyroid
hormone withdrawal (THW) and injection of recombinant hu-
man TSH (rhTSH). The standard protocol for THW includes stop-
ping levothyroxine (I'T4) and switching to liothyronine (LT3) for
2-4 weeks followed by withdrawal of LT3 for 2 weeks, or discon-
tinuation of LT4 for 2-3 weeks without any use of LT3 (4). thTSH
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is produced using a molecular biology technique, and can ele-
vate serum TSH levels immediately after intramuscular injec-
tion. Initially, rhTSH was used as an adjunctive diagnostic tool
for serum thyroglobulin (Tg) in patient follow-up; however, a
randomized clinical trial (RCT) by Pacini et al. (5) led to its ap-
proval for pretherapeutic stimulation by the European Medi-
cines Agency (http://www.ema.europa.eu) in 2005, and by the
United States Food and Drug Administration (http://www.fda.
gov) in 2007.

However, the extent of surgery, the need for RRA, and the
optimal RRA dose necessary for ablation success remain con-
troversial subjects. Furthermore, there is uncertainty over the
efficacy of rhTSH versus THW prior to RRA in differentiated
thyroid cancer (DTC). To our knowledge only one meta-analy-
sis has compared rhTSH with THW (6); this was published in
2010 and analyzed two RCTs (5, 7). Therefore, we performed a
meta-analysis of RCTs to assess ablation success rates using
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rhTSH and THW in patients with DTC. The primary outcome
was the success of ablation using both methods.

MATERIALS AND METHODS

Data search and study selection

A systematic search for RCTs from MEDLINE (inception to Au-
gust 2013), EMBASE (inception to August 2013), the Cochrane
Library (inception to August 2013), and SCOPUS (inception to
August 2013) was performed using the keywords: ‘recombinant
human thyroid hormone stimulating hormone, ‘thyroid hor-
mone withdrawal, and ‘thyroid cancer’ The primary analysis
included those RCTs comparing ablation success at 6 to 12 mon-
ths after RRA between patients preparing for RRA by rhTSH vs
THW. Manual searches included scanning of reference lists for
relevant studies and eligible articles. Only articles written in Eng-
lish were included in this study. Two of the authors conducted
the search independently, and any disagreements were resolved
by discussion.

Data extraction and quality assessment

Two authors independently extracted data from the publica-
tions and recorded the following information: first author, year
of publication, country, the number of patients and centers en-
rolled in the study, TNM staging, dose of RRA, protocols, follow-
up time, methods of TSH stimulation at follow-up, the Tg cutoff
value, and criteria for ablation success. With regard to the out-
come data, the risk ratios (RRs) were calculated from the num-
ber of cases in which ablation was successful in each group. Pa-
tients with potentially inferring levels of anti-Tg antibodies were
excluded from each study, while calculating RRs. Two authors
reviewed each publication according to the Cochrane risk of
bias assessment tool (sequence generation, allocation conceal-
ment, blinding, incomplete outcome data, selective outcome
reporting) (8).

Statistical analysis

Data from each study were analyzed using Review Manager
(RevMan, Version 5.2, Copenhagen: The Nordic Cochrane Cen-
tre, The Cochrane Collaboration, 2012). For categorical data,
the risk of an outcome was defined as the number of patients in
whom ablation was successful compared to the total number of
patients. We reported outcome measures as RRs and 95% con-
fidence intervals (CIs), using a fixed-effect model according to
Mantel and Haenszel, and presented the results as forest plots.
We assessed the heterogeneity of the studies using the chi-square
test of heterogeneity; I* > 50% was considered significant het-
erogeneity, as described by Higgins et al. (9). P values < 0.05
were considered to indicate statistical significance. Funnel plots
were used to assess publication bias graphically (10).
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RESULTS

Study characteristics

The details of the study selection process are depicted as a flow
chart (Fig. 1). In total, 220 articles were identified in MEDLINE,
EMBASE, the Cochrane Library, and SCOPUS, of which 32 were
analyzed. After applying the inclusion criteria, six studies re-
mained after excluding studies with subjects with distant me-
tastasis (n = 2), duplicate studies (n = 4), studies with different
follow-up times (n = 3), and observational studies (n = 17). There-
fore, data from six trials totaling 1,660 patients were analyzed.
Table 1 summarizes the characteristics of each study. The trials
were designed to compare the efficacies of rhTSH and THW
prior to RRA. Two studies (5, 11) included patients treated with
high RRA doses (3.7 GBq), two studies (7, 12) with low RRA dos-
es (1.1 or 2 GBq), and two studies (13, 14) with low (1.1 GBq)
and high (3.7 GBq) RRA doses. Follow-up with stimulated Tg,
BIL-WBS, or ultrasonography (US) was performed 6 to 12 months
after RRA. Patients with potentially interfering levels of anti-Tg
antibodies were excluded in five studies included in this study.
Schlumberger et al. (13) presented both data including anti-Tg
antibodies and excluding anti-Tg antibodies. Urine iodine lev-
els were measured in two studies (5, 11), which showed no si-
gificant difference between rhTSH and THW groups. Although
urine iodine levels were not measured in other studies, THW
protocols were similar among studies (Table 1). Based on the
definitions from the Cochrane risk of bias assessment tool, all
trials used random assignment and attempted to conceal allo-
cation. However, blinding study participants from knowledge of
which intervention a participant received could not be done in
these RCTs. All trials were judged to have a low or unclear risk
of bias in blinding of outcome assessment, incomplete outcome
data, and selective reporting.

—
220 abstracts

identified through
database searching

—»[ 188 articles excluded from the abstract ]

I

9 articles excluded

»| 1) 2 articles: subjects with distant metastasis
2) 4 articles: duplicate studies

3) 3 articles: different follow-up times

32 full-text articles
screened

y

23 full-text articles
assessed for

eligibility

17 full-text articles excluded
(observational studies)

Y

f

6 studies included
in meta-analysis

Fig. 1. Flow chart of the selection process.
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Table 1. Characteristics of the studies selected for analysis

; No.of  No. of Age Female : Thyroid hormone withdrawal ~ Tg Measure- Follow-up
Ay [ centers  patients (yr) sex (%) Ul Vesa El3) protocol ment (months)
Pacini F (5) 2006 [taly 9 63 43.9 80 T1/2/4-No/ 3.7 High T4 withdrawal for 4 weeks Diagnostic 7-9

1-MO products
Corp.
Chianelli M (7) 2009 [taly - 42 471 78.6 T1-NO-MO 2 Low T4 withdrawal for 5 weeks and ~ CIS-BIO 6-12
T3 withdrawal for 2 weeks
Taieb D (11) 2009  France 1 74 47.2 83.8 T1/2/3-N0/ 3.7 High T4 withdrawal for 5 weeks BRAHMS 8-10
1-M0 Tg Kryptor
Lee J (12) 2010  South 1 291 48.8 91.0 T1/2/3-N0/ 1.1 Low T4 withdrawal for 4 weeks wor ~ BRAHMS 12
Korea 1-MO w/0 T3 withdrawal for 2 weeks Dynotest TgS
Mallick U (14) 2012 United 29 438 - 74.6 T1/2/3-N0/  1.1/3.7 Low/ T4 withdrawal for 4 weeks wor ~ BRAHMS 6-9
Kingdom 1-MO High  w/o T3 withdrawal for 2 weeks Tg-pluS
Schlumberger 2012 France 24 752 49.2 78.5 T1/2-N0/  1.1/3.7 Low/ T4 withdrawal for 4 weeks w or ~ Beckman- 6-10
M (13) 1-MO High  w/o T3 withdrawal for 2 weeks Coulter

Table 2. Follow-up and criteria for ablation success

First author Stimulation methods of TSH at follow-up ~ Tg cutoff value (ng/mL) Definition of negative I"*'-WBS at follow-up Ablation success criteria
Pacini F (5) rhTSH 1or2 No visible uptake or uptake < 0.1% Tg + I"*'-WBS
Chianelli M (7) Thyroid hormone withdrawal 1 No visible uptake Tg + I®'-WBS
Taieb D (11) rhTSH 0.8 No visible uptake or uptake < 0.1% Tg + I"™*'-WBS

Lee J (12) Thyroid hormone withdrawal 1 No visible uptake or uptake < 0.1% Tg + "*-WBS + US
Mallick U (14) rhTSH 2 No visible uptake or uptake < 0.1% Tg + I"*'-WBS
Schlumberger M (13) rhTSH 1 - Tg + US

rhTSH, recombinant human thyroid stimulating hormone; Tg, thyroglobulin; WBS, whole-body scan; US, ultrasonography.

Ablation success

Criteria for ablation success differed among studies in terms of
Tg cutoff values, *'I-whole body scan (WBS), and US findings
(Table 2). Negative '*'I-WBS was defined as no detectable up-
take in one of the studies (7) and as visible uptake < 0.1% in four
of the other studies (5, 11, 12, 14). Tg was measured after stimu-
lation of TSH either by rhTSH injection or by THW; however,
the cutoff values used differed among the studies.

1g cutoff value of 1 ng/mL alone or Tg cutoff value of 1 ng/mL plus
imaging modality

When successful ablation of the remnant thyroid was defined
solely as a Tg cutoff value of 1 ng/mL, there was no statistically
significant difference in the ablation success rate between stud-
ies using a low (RR, 0.99; 95% CI 0.95-1.03, P = 0.57) or high (RR,
1.01; 95% CI 0.96-1.05, P = 0.83) RRA dose. When studies using
low and high doses were combined, the fixed-effect meta-anal-
ysis also showed no significant difference in ablation success
rates (RR, 0.99; 95% CI 0.96-1.03, P = 0.73, I = 0%) (Fig. 2A). When
ablation success was defined as a Tg cutoff value of 1 ng/mL
plus imaging modality, there was no significant difference in
the rate of successful ablation between rhTSH and THW (RR,
0.97; 95% CI 0.90-1.05, P = 0.49, I = 0%) (Fig. 2B).

1g cutoff value of 2 ng/mL alone or Tg cutoff value of 2 ng/mL plus

imaging modality

When a Tg cutoff value of 2 ng/mL was adopted as the criterion

http://dx.doi.org/10.3346/jkms.2014.29.6.811

for ablation success, there was no significant difference in the
rate of successful ablation between rhTSH and THW (RR, 1.03;
95% CI 0.95-1.11, P=0.48, I* = 0%) (Fig. 3A). When ablation
success was defined as a Tg cutoff value of 2 ng/mL plus imag-
ing modality, again there was no significant difference in the
rate of successful ablation between the two preparation meth-
ods (RR, 1.02; 95% CI 0.95-1.09, P = 0.66, I = 3%) (Fig. 3B).

B31[-Whole body scan

When ablation success was defined as only a negative *'I-WBS,
no difference was found between the subgroups using a low
(RR, 0.99; 95% CI 0.93-1.06, P = 0.84) and high (RR, 0.96; 95% CI
0.90-1.01, P = 0.13) RRA dose. Overall, the differences between
rhTSH and THW were not statistically significant (RR, 0.97; 0.93
-1.02, P = 0.21, I* = 25%) (Fig. 4).

DISCUSSION

Specific accumulation of iodine in the thyroid gland was first
reported in 1915 and used for treatment of thyroid carcinoma
starting in 1942 (15, 16). RRA is the current standard for thyroid
cancer treatment, and from an oncological point of view, it may
be considered an adjuvant therapy (4). The goals of RRA are
clear: first, to destroy residual normal thyroid tissue and, sec-
ond, to destroy microscopic cancer cells (17).

Iodine accumulation and Tg synthesis are apparent in DTC.
Therefore, "*'I-WBS can be used to detect thyroid remnants and
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rhTSH THW Risk Ratio Risk Ratio
Weight M.H, Fixed, 95% CI _ Yr M.H, Fixed, 95% CI

1.1.1low dose

Chianelli M 2009 17 20 18 20 4.2% 0.94[0.75,1.19] 2009
LeeJ 2010 64 69 203 222 22.4% 1.01[0.94,1.10] 2010
Schlumberger M 2012 148 158 146 152 346% 0.98[0.93,1.03] 2012
Subtotal (95% CI) 247 394 61.2%  0.99[0.95, 1.03]

Total events 229 367

Heterogeneity: Chi*= 0.83, df= 2 (P= 0.66); F=0%
Test for overall effect: Z= 0.57 (P=0.57)

1.1.2 high dose

Pacini F 2006 20 24 18 21 45%  0.97[0.76,1.25] 2006
Schlumberger M 2012 155 160 142 148 34.3%  1.01[0.97,1.05] 2012
Subtotal (95% Cl) 184 169 38.8%  1.01[0.96, 1.05]

Total events 175 160

Heterogeneity: Chi*=0.11, df=1 (P=0.74), F=0%
Test for overall effect: Z=0.22 (P=0.83)

Total (95% CI) 431 563 100.0%  0.99[0.96, 1.03]

Total events 404 527

Heterogeneity: Chi*=1.49, df= 4 (P= 0.83); F= 0% :u p 057 ] 1=5 z’

Test for overall effect. Z=0.34 (P=0.73) : : THW rhTSH :

Testfor subaroun differences: Chi*= 0.30. df=1 (P = 0.59). F= 0% Q
rhTSH THW Risk Ratio Risk Ratio

Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95%CI _ Yr M-H, Fixed, 95% ClI

Pacini F 2006 20 24 18 21 14.4% 0.97 [0.76,1.25] 2006 I

ChianelliM 2009 15 20 18 20 135% 0.83[0.62,1.12) 2008 —

LeeJ 2010 63 69 203 222 721% 1.00[0.92,1.09] 2010

Total (95% ClI) 113 263 100.0%  0.97 [0.90, 1.05]

Total events 98 239

Heterogeneity: Chi*= 1.46, df= 2 (P = 0.48); F= 0% o 2 0=7 1 1=5 2=

Test for overall effect: Z= 0.69 (P=0.49) THW thTSH e

Fig. 2. Comparison of ablation success, as defined by a Tg cutoff value of 1 ng/mL (A), and by a Tg cutoff value of 1 ng/mL plus imaging modality (B), between recombinant
human thyroid stimulating hormone (thTSH) and thyroid hormone withdrawal (THW).

rhTSH THW Risk Ratio Risk Ratio
Weight M-H, Fixed. 95% Cl _ Yr M-H, Fixed, 95% Cl
Pacini F 2006 23 24 18 21 11.0%  1.12[0.92,1.36] 2006
Mallick U 2012 162 185 150 174 89.0%  1.02(0.94,1.10] 2012
Total (95% CI) 209 195 100.0%  1.03[0.95, 1.11]
Total events 185 168
Heterogeneity: Chi*= 0.81, df= 1 (P= 0.37); F= 0% t y : = |
o ) 05 0.7 1 15 2
Test for overall effect: Z= 0.70 (P= 0.48) THW thTSH Q
thTSH THW Risk Ratio Risk Ratio
Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Pacini F 2006 23 24 18 21 95%  1.12(0.92,1.36] 2006
Mallick U 2012 183 210 183 211 90.5%  1.00(0.93,1.08] 2012
Total (95% CI) 234 232 100.0%  1.02[0.95, 1.09]
Total events 206 201
Heterogeneity: Chi*=1.03, df=1 (P=0.31); F=3% 0 P 017 1 1= . 2=
Test for overall effect: Z= 0.44 {P= 0.66) THW thTSH e

Fig. 3. Comparison of ablation success, as defined by a Tg cutoff value of 2 ng/mL (A), and by a Tg cutoff value of 2 ng/mL plus imaging modality (B), between recombinant
human thyroid stimulating hormone (rhTSH) and thyroid hormone withdrawal (THW).

regional or distant metastases during follow-up visits, and the  current disease (4). To increase iodine uptake by RRA or '*'I-

serum Tg level is a useful marker for monitoring residual orre- ~ WBS, TSH stimulation must be achieved (18). Since stimulated
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rhTSH THW Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed,95%Cl _ Yr M-H, Fixed, 95% CI
1.5.1 low dose
Chianelli M 2009 19 21 20 21 7.1% 0.95(0.80,1.12) 2009 1
Mallick U 2012 100 108 98 106 35.3% 1.00(0.93,1.08] 2012 t
Subtotal (95% Cl) 129 127 424%  0.99[0.93, 1.06]
Total events 119 118
Heterogeneity: Chi*= 0.31, df=1 (P=0.58); F= 0%
Test for overall effect: Z= 0.20 (P= 0.84)
1.5.2 high dose
Pacini F 2006 32 32 28 28 10.8% 1.00[0.94,1.07) 2006 T
Taieb D 2009 26 36 32 35 11.6% 0.79[0.63,0.99] 2009 - = |
Mallick U 2012 97 102 100 105 35.2% 1.00[0.94,1.06) 2012 :‘
Subtotal (95% Cl) 170 168 57.6%  0.96 [0.90, 1.01]
Total events 155 160
Heterogeneity: Chi*= 6.42, df= 2 (P=0.04), F=69%
Test for overall effect: Z=1.50 (P=0.13)
Total (95% Cl) 299 295 100.0% 0.97 [0.93, 1.02] ¢
Total events 274 278

i OhiE = = = E= I t t {
Heterogeneity: Chi*= 5.36, df= 4 (P=0.25), F= 25% 05 07 15 2

Test for overall effect: Z=1.25 (P=0.21)

THW rhTSH

Test for subaroun differences: Chi*= 0.64. df=1(P=0.42). F=0%

Fig. 4. Comparison of ablation success, as defined by the "*'I-whole body scan (WBS), between recombinant human thyroid stimulating hormone (rhTSH) and thyroid hormone

withdrawal (THW).

Tg levels represent the best means of detecting normal or path-
ological thyroid tissue, Tg levels are measured after TSH stimu-
lation using either hTSH or THW. Because Tg levels and "'I-
WBS are considered complementary, five studies defined abla-
tion success using criteria based on both Tg levels and '*'I-WBS
(5,7, 11, 12, 14). However, the Tg cutoff can differ significantly
among medical centers and laboratories. In the studies includ-
ed in this meta-analysis, the Tg cutoff values were as follows: 0.8
(11), 1 (7, 12, 13), or 2 (5, 14). A Tg level < 1 ng/mL suggested
the absence of disease, while levels > 2 ng/mL indicated the
possibility of metastatic disease (19).

In this study, to reduce the impact of differences in criteria,
we performed a subgroup analysis in which successful ablation
was defined according to the following criteria: 1) Tg cutoff val-
ue of 1 ng/mlL, 2) Tg cutoff value of 1 ng/mL plus imaging mo-
dality ("'I-WBS and/or US), 3) Tg cutoff value of 2 ng/mL, 4) Tg
cutoff value of 2 ng/mL plus imaging modality (**'I-WBS and/or
US), and 5) '*'I-WBS alone. Regardless of the criteria used, the
primary outcome was identical: the rate of successful ablation
was similar regardless of whether thTSH or THW was used. Ac-
cording to the guidelines of the American Thyroid Association,
RRA is recommended for all patients with distant metastasis,
gross extrathyroidal extension, or a tumor size >4 cm, and se-
lectively recommended for patients with lymph node metasta-
ses or high-risk features (4). However, few studies have compar-
ed the efficacy of hTSH with THW in high-risk patients. There-
fore, only RCTs involving patients at low-to-intermediate risk
were included in this analysis.

In addition to displaying a similar ablation success rate to
THW, other advantages of thTSH over THW have been sug-

http://dx.doi.org/10.3346/jkms.2014.29.6.811

gested. thTSH preserves a better quality of life (20), since it was
developed to avoid hypothyroidism. Symptoms resulting from
hypothyroidism include fatigue, cold intolerance, weight gain,
constipation, depression, and cardiac and renal problems (12).
Lower radiotoxicity has also been associated with the use of
rhTSH compared to hypothyroidism (21, 22), possibly due to
impairment of renal clearance during hypothyroidism (5). In
addition, the total chromosomal translocation rate was higher
after RRA with THW than with rhTSH (23). Although the finan-
cial cost of thTSH is high, it can be offset by the benefits of short-
er hospital stays and improved job performance (24). Borget et
al. showed that rhTSH administration reduced the length of
sick leave by 8.1 days, when compared with that of THW (25).
Furthermore, thTSH provides more flexible scheduling of RRA
for both the patient and the clinician (26).

The elevation of TSH by thTSH may be due to different patho-
physiological mechanisms by THW. TSH stimulation increases
expression of the sodium/iodide symporter (NIS) (16); thus, the
transport of iodide into and through the thyroid gland is tightly
regulated by TSH (16, 27, 28). Although both methods appear
to elevate serum TSH levels, THW induces a gradual increase in
serum TSH for 2 weeks in contrast to the abrupt TSH elevation
with the rhTSH method, NIS is usually located in the cytoplasm
and moves rapidly to the membrane in response to TSH stimu-
lation (29). TSH also stimulates synthesis of NIS by increasing
its transcription (16). The longer duration of TSH stimulation in
THW can be advantageous over thTSH. In addition, several in-
tracellular processes occur after TSH stimulation, such as those
involving thyroid peroxidase. In the case of THW, these mecha-
nisms appear to be activated gradually, which enhances the up-
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take and retention of radioiodines. In the case of rhTSH, such
processes cannot be activated due to its short biological half-
life. However, the factors regulating NIS activity and the differ-
ences between the methods require further clarification (30).

Our study has several limitations. DTC can relapse 10 to 20 yr
after initial treatment, which accounts for the need for long-term
follow-up (31). Five primary studies of the long-term outcomes
of thTSH and THW were found during the literature database
search. The study with the longest follow-up (at least 10 yr) con-
cluded that the outcome of rhTSH is similar to that of THW (32).
We included RCTs in which patients were treated with the max-
imum RRA doses of 3.7 GBq and those evaluating patients with-
out distant metastasis. However, a small number of studies in-
cluded patients with distant metastasis, those at high risk, or
those receiving RRA doses greater than 3.7 GBq. In addition, as
various measurement kits were used in each study, there is pos-
sibility of differences of TSH and Tg level between studies (33).
Also, influences from difference in iodine diets could not be
compared in this study (34).

In conclusion, based on this meta-analysis, ablation success
rates after preparation for RRA by either rhTSH or THW are
comparable. Further studies that include long-term follow-up
evaluations are essential.
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