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ABSTRACT

A potential reduction of goiter volume (GV) of recombinant
human thyrotropin (rhTSH) on multinodular goiters (MNG) was
previously reported but controversial. Hence we conducted a
meta-analysis to estimate the effect of rhTSH-stimulated radi-
oiodine therapy in patients with MNG. PubMed, Cochrane,
CNKI, VIP, and Wanfang databases were searched. Mean differ-
ence (MD) and odds ratios with 95 % confidence intervals (95 %
Cl) were derived by using an inverse variance random-effects
model and fixed-effects model, respectively. Six studies
(n=237) were involved in the analysis. For 12 months follow
up, high dose (>0.1 mg) of rhTSH significantly reduced GV
(MD=17.61;95% Cl=12.17 to 23.04; p<0.00001) compared
with placebo. No effective pooled results of low dose of rhTSH
(<0.1mg) were applicable for only one study included. For
6 months follow up, the source of heterogeneity was deter-
mined by subgroup and sensitivity analysis. High dose group
showed vast improvement in GV reduction (MD=16.62; 95 %
Cl=1.34t0 31.90; p=0.03). The reduction of low dose group
compared with placebo was inferior to high dose group. No
available data were obtained to assess the influence of rhTSH
after 36 months follow up for the only included study. Hypo-
thyroidism incidence was higher for rhTSH group. No publica-
tion bias was seen. High dose of rhTSH treatment-stimulated
radioactive 137l therapy after 6 months and 12 months follow
up had a better effect in reducing GV, but with higherincidence
of hypothyroidism. Owing to the limited methodological qual-
ity, more clinical researches are warranted in the future.
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ABBREVIATIONS

RATSH Recombinant human thyrotropin
a Confidence interval

MD Mean difference

MNG Multinodular goiter

LT4 Levothyroxine

GV Goiter volume

RAIU 131 uptake

RCTs Randomized controlled trials
WMD Weighted mean differences
SMD Standardized mean difference
OR Odds ratio

Introduction

Multinodular goiter (MNG) is a very common thyroid disorder as-
sociated with diverse goitrogenic factors. Observation may be ap-
propriate in euthyroid and asymptomatic patients. But there are
still lots of patients who require treatment due to compression
symptoms of local structures and thyroid hyperfunction [1]. Ther-
apeutic options include levothyroxine (LT4) [2], surgery [3], and ra-
dioiodine. LT4 therapy is discouraged for low efficacy [4, 5] when
compared with surgery or radioiodine. Thyroidectomy is an effec-
tive option but is often refused by the patients for the potential risk
of surgical complications [6].

Studies have shown optimism for the potential of radioactive
131 therapy [7], which can reduce the mean goiter volume (GV) by
approximately 40 % within 1 year 8], as a therapeutic option for
MNG. However, in some cases, 13!l therapy is less attractive because
some MNG patients have a low 131l uptake (RAIU) resulting in a rel-
atively low 1371 activity, which is needed for satisfactory goiter
shrinkage.

Recombinant human TSH (rhTSH) can increase the thyroid RAIU
by more than 2-fold in MNG patients and normal subjects [9, 10].
Thus, it has been evaluated as an adjuvant to 137l in the treatment
of MNG. Studies [11, 12] demonstrated that a single low dose of
rhTSH increased considerably the RAIU in patients with MNG. But
whether rhTSH combined with 37l therapy showed a GV reduction
advantage and what is the suitable dose and length of therapy are
disputed. Albino et al. showed that GV reductions were not statis-
tically different in patients treated with rhTSH plus 131l compared
to those treated with 13"l alone [13], while in the study of Marcia et
al., they got a dramatically different result [14]. Therefore, we per-
formed a meta-analysis to assess the effect of rhTSH stimulation
before 137l therapy in MNG and determine an optimal dose for dif-
ferent follow up time after treatment.

Materials and Methods

Search strategy for identification of studies

We identified studies by searching the PubMed, Cochrane, CNKI,
VIP, and Wanfang database. The search strategy to identify all po-
tential studies involved is (multinodular goiter or MNG or thyroid
nodules or nodular thyroid disease or nontoxic goiter)” and (“re-

combinant human TSH” or “recombinant human thyrotropin” or
“recombinant human thyroid-stimulating hormone” or “TSH” and
“rhTSH”) and (“radiotherapy” or “iodine-131” or “radioiodine ther-
apy” or radioiodine). We added a manual search using the refer-
ence lists of the relevant articles. No language restriction was im-
posed.

Eligibility and excluded criteria

Eligibility criteria: (1) Randomized controlled trials (RCTs); (2) Pa-
tients of any age receiving rhTSH stimulated 137l therapy for MNG,
while MNG had been adequately defined; (3) Trials investigating
the effects of rhTSH, which was injected 24 h before 1371 therapy
that was included as an adjuvant to 137l therapy, and only clinical
trials with both randomized controlled design and at least 6 months
follow up data were analyzed. Patients undergoing '3l therapy
without rhTSH served as controls. The main outcome measure was
the GV reduction. Secondary outcome was hypothyroidism inci-
dence. Trials are excluded if there was no control group or the fol-
low up time was not enough. And, non-RCT trials or/and trials of
patients with non-MNG or/and trials without rhTSH as experimen-
tal group or/and GV reduction not mentioned were excluded.

Study selection and data collection process

Two reviewers read the titles and abstracts of the articles inde-
pendently. Relative data were extracted from studies by one re-
viewer, then the extracted data were checked by the second re-
viewer. Differences were resolved by communication between re-
viewers.

All information we needed from the included studies were the
following: (1) type of disease; (2) type of intervention: dose, rhTSH
injection time, measurement instrument, follow-up time; (3) type
of outcome measure: GV reduction, incidence of hypothyroidism.
The eligible studies were graded with the 5-point Jadad quality
scale.

Quantitative data analysis

Revman Manager software version 5.3 (The Cochrane Collabora-
tion, London, UK) was used for data analysis. Intergroup analyses
were based on the change from baseline data. For continuous data,
weighted mean differences (WMD) for scales that were the same
was used, otherwise standardized mean differences (SMD) was
used. Results of GV reductions were combined as WMD with 95 %
confidence intervals (Cl) with an inverse variance random-effects
model. The 12 was calculated, which can be interpreted as the per-
centage of the variation between studies that attributes to heter-
ogeneity rather than chance. 12=0% indicates no heterogeneity,
12 >50 % indicates high heterogeneity, and I2=100 % represents
that all variations derive from heterogeneity. Subgroup analysis by
dose of rhTSH (high dose: >0.1 mg; low dose: <0.1mg) was ap-
plied to assess the efficacy of different therapeutic dose. Sensitivi-
ty analyses excluding one study at a time were also performed to
evaluate whether any specific study significantly influenced the
overall pooled results. The occurrence of hypothyroidism was pre-
sented as odds ratio (OR) with 95 % Cl using a fixed-effects model
for no heterogeneity. Statistical significance for hypothesis testing
was set at the 0.05, 2-tailed level.
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Methodological quality and risk of bias

Jadad score was conducted to estimate the methodological quali-
ty across studies. Jadad score consists of three items, and they are
randomization (0-, 1-, 2-point), double blinding (0-, 1-, 2-point),
and withdrawals and dropouts (0-, 1-point), respectively. Total
score is 5-point. A score of 2 or less is considered as a low-quality
study and over or equal to 3 is a high-quality study.

Results

Selected studies and characteristics

The electronic database searched 381 identified articles, among
which 6 articles covering 9 RCTs (since several articles included
more than one trials, they were considered as separate trials) with
237 patients satisfied the inclusion criteria [13-18] (> Fig. 1). High
dose including 0.1, 0.3, and 0.45 mg rhTSH were injected to pa-
tients prior to iodine 131 therapy in 4 trials with 136 patients
[13,14,16,17], the remaining 5 trials with 109 patients were ad-
ministrated with 0.01 and 0.03mg rhTSH [13, 15, 18]. All seven trials
provide us with the incidence of hypothyroidism [13, 14, 16-18].
The basal characteristics and design features of the included stud-
ies are listed in > Table 1. The level of evidence for each article was
graded with a score of 3 to 5 according to the Jadad quality score
(»Table 1).

Quantitative assessment of efficacy of rhTSH injected
to patients before 13| therapy

Effect on GV reduction

Overall, rhTSH injected to patients before 311 therapy significantly
reduced GV compared to placebo group after both 6 months
(MD=10.66;95 % Cl=2.66to 18.66; p=0.009; I2=66 %, » Fig. 2a)
and 12 months follow up (MD=17.64;95% Cl=12.31 to 22.97;
p<0.00001; 12=0%, » Fig. 2b). However, there was no difference
between rhTSH and placebo group in reducing GV after 36-months
follow up (MD=3.15;95% Cl=-8.60 to 14.91; p=0.60; 12=73 %,
» Fig. 2c).

Effect on the risk of hypothyroidism

RhTSH prior to 137 therapy was associated with increased risk of
hypothyroidism. Five studies reported the occurrence of hypothy-
roidism, except for one study [15]. A total of 237 patients were en-
rolled, and 61 patients out of 136 receiving rhTSH stimulation be-
fore radioactive 137 therapy developed hypothyroidism, while it
was 14 out of 101 in 31 monotherapy group. The results have sta-
tistical significance (OR=5.10;95% CI=2.82t09.21; p<0.00001;
12=0%, » Fig. 3a). We then conducted planned subgroup analyses
according to the dose of rhTSH combined with 37| therapy and
tested for hypothyroidism incidence. High dose group resulted in
higher incidence of hypothyroidism (OR=6.01; 95% CI=2.58 to
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»Fig. 1 Literature search flow diagram.
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»Table 1 Baseline characteristics of clinical trials enrolled in the analyses.

Author Year Patients Mean Measure- Intervention Jadad
follow-up ment score
(months) instrument L
Enrolled 2 Meanage  Women Dosage® Injection
(n) (years) (%) (mg) time¢ (h)
Albino (1) 2010 8/8 61 91 6,12 MRI 0.1 24 5
Albino (2) 2010 8/6 61 91 6,12 MRI 0.01 24 5
Silva 2003 17/17 63 82 6,12 cT 0.45 24 3
Graf (1) 2011 30/32 57 85 6 CcT 0.01 24 4
Graf (2) 2011 33/32 57 85 6 cT 0.03 24 4
Nielsen 2006 29/28 55 88 6,12 us 0.3 24 4
Bonnema 2007 15/14 61 76 12 MRI 0.3 24 5
Seren Fast (1) 2014 29/27 57 85 36 CcT 0.01 24 4
Seren Fast (2) 2014 30/27 57 85 36 CcT 0.03 24 4

arhTSH group/control group; °rhTSH dose combined with 37l therapy; € Time of injecting rhTSH before 13l therapy. MRI: Magnetic resonance
imaging; US: Ultrasonography; CT: Computed tomography; rhTSH: Recombinant human thyrotropin.

a rhTSH placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
C.C.Alhino, 2010 (1) 285 176 8 27 153 8 14.0% 25.80[9.64, 41.96) e —
C.C.Alhino, 2010(2) 216 178 6 27 153 8 12.6% 18.90[1.14, 36.66)
H. Graf, 2011 (1 233 165 30 231 88 32 268%  0.20[-6.45 6.85) —
H. Graf, 2011 () 329 207 33 231 88 32 252%  9.80[2.11,17.49) —
Nielsen VE, 20086 46 1587 28 36 2318 29 21.3% 10.00[-0.28,20.28) ——
Total (95% CI) 105 109 100.0% 10.66 [2.66, 18.66] et
Heterogeneity: Tau® = 50.58; Chi*= 11.72, df= 4 (p = 0.02); F= 66% t t t t
Test for overall effect: Z= 2.61 (p = 0.009) -20 10 0 10 20
Favours [placebo] Favours [rhTSH]
b . )
rhTSH placeco Mean Difference Mean Difference
_ Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% Cl
C.C. Albino, 2010 {1) 367 181 8 13 243 8 6.4% 17.70[-3.30,38.70] 1
C.C. Albino, 2010 (2) 374 274 6 19 243 8 3.8% 18.40[-9.05, 45.85)
Marcia N.C. Silva, 2003 578 1252 17 3975 1179 17 425% 18.05[9.87,26.23) ——
Nielsen VE, 2006 621 1587 28 461 2156 29 296% 16.00(6.20, 25.80) = =
SteenJ. Bonnema, 2007 53.3 1235 14 341 2154 15 17.7% 19.20(6.52, 31.88] —
Total (95% Cl) 73 77 100.0% 17.64 [12.31, 22.97] -
Heterogeneity: Tau®= 0.00; Chi*= 0.18, df= 4 (p = 1.00); F= 0% —t —
Test for overall efiect; Z= 6.48 (p < 0.00001) 20010 0 10 2
Favours [placebo] Favours [ThTSH]
€ rhTSH placeco Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Saren Fast, 2014 (1) 41 21 29 44 127 27 48.7% -3.00[-12.02 6.02)
Sgren Fast, 2014 (2) 53 186 30 44 127 27 41.3%  9.00[0.80,17.20) —
Total (95% CI) 59 54 100.0% 3.15[-8.60, 14.91]
Heterogeneity: Tau?= 52.66; Chi*= 3.72, df=1 (p = 0.05); F= 73% Tt
Test for overall efiect: Z= 0.53 (p = 0.60) 20 10 0 10 2

Favours [placebo] Favours [ThTSH]

»Fig. 2 Forest plot of the GV reduction of MNG patients treated with rhTSH and placebo after 6 (a), 12 (b), and 36 (c) months follow up. MD with
95 %Cl indicated the relative efficacy. GV: Goiter volume; MNG: Multinodular goiter; MD: Mean difference.
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rThTSH

Study or Subgroup

placeco
Events Total Events Total Weight M-H. Fixed. 95% ClI

Odds Ratio

Odds Ratio
M-H. Fixed, 95% CI

C.C. Alhino, 2010 {1) 3 8 2 8 121% 1.80[0.21,15.41]

C.C. Albing, 2010 (2) 3 6 2 8 83% 3.00[0.31,28.84)

Marcia N.C. Silva, 2003 1M1 17 4 17 13.7% 5.96[1.33, 26.66) —_—
Nielsen VE, 2006 16 28 329 12.2% 11.56(2.82 47.34) —_—
Steen J. Bonnema, 2007 3 14 1 15 7.3% 3.82(0.35 41.96)

Soren Fast, 2014 (1) 10 30 4 32 250% 3.50(0.95 12.76) ————

Seren Fast, 2014 (2) 15 33 4 32 21.4% 5.83[1.67,20.40] e —

Total (95% CI) 136 141 100.0%  5.10[2.82, 9.21] <

Total events 61 20

Heterogeneity: Chi*= 2.87, df= 6 (p = 0.82); F= 0% t f = t
Testfor overall effiect: Z= 5.40 (p < 0.00001) 0.01 0.1 1 10 100

Favours [fhTSH] Favours [placeco]

& rhTSH placeco Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% ClI M-H. Fixed, 95% ClI
high dose of rhTSH
C.C. Albino, 2010 {1) 3 3 2 g 121% 1.80(0.21,15.41) -
Marcia N.C. Silva, 2003 11 17 4 17 13.7% p5.96 [1.33, 26.66) -
Nielsen VE, 2006 16 28 3 29 12.2% 11.56[2.82, 47.34) -
Steen J. Bonnema, 2007 3 14 1 15 7.3% 3.82[0.35, 41.96)
Subtotal (95% CI) 67 69 45.3% 6.01[2.58, 13.99] -
Total events 33 10
Heterogeneity: Chi*= 217, df=3 (p = 0.54); I*= 0%
Test for overall effect: Z= 4.16 (p < 0.0001)
low dose of rhTSH
C.C. Albino, 2010 {2) 3 [ 2 8 83% 3.00([0.31,28.84)
Sgren Fast, 2014 (1) 10 30 4 32 25.0% 3.50(0.96,12.76) I
Soren Fast, 2014 (2) 15 33 4 32 21.4% 5.83[1.67,20.40) —
Subtotal (95% CI) 69 72 54.7% 4.34 [1.89, 9.96] ""
Total events 28 10
Heterogeneity: Chi*= 0.42, df=2 (p = 0.81); F=0%
Test for overall effect: Z= 3.46 (p = 0.0005)
Total (95% Cl) 136 141 100.0%  5.10[2.82,9.21] o
Total events 61 20
Heterogeneity: Chi*= 2.87, df= 6 (p = 0.82); F= 0% t f = i
Testfor overall efiect: Z = 5.40 (p < 0.00001) 0.01 0.1 1 10 100

Test for subgroup differences: Chi*=0.29, df=1 (p = 0.59), F= 0%

Favours [fhTSH] Favours [placeco]

»Fig.3 Forest plot of the incidence of hypothyroidism. Results were shown by OR with 95 % CI. OR: Odds ratio.

13.99; p<0.0001; 12=0%, » Fig. 3b) in contrast to placebo group.
Low dose rhTSH also contributed to higher incidence of hypothy-
roidism (OR=4.34; 95 % Cl=1.89t09.96; p=0.0005; I2=0 %, » Fig.
3b) compared with placebo, but the incidence of hypothyroidism
was lower than high dose group.

Heterogeneity test and subgroup analysis of GV reduction

Sources of heterogeneity were explored through subgroup me-
ta-analysis. For 6 months follow up, high dose of rhTSH prior to 137
therapy was associated with more obvious GV reduction compared
with 137 monotherapy by pooling data of three RCTs (MD =16.62;
95% Cl=1.34t031.90; p=0.03; 12=62 %, » Fig. 4a). Three RCTs
compared low-dose rhTSH prior to 131l therapy in contrast with 131|
alone. GV reduction was observed in 69 patients (36 patients with
0.01 mgrhTSH, 33 patients with 0.03 mg rhTSH) who received low-
dose rhTSH prior to 131l therapy compared with 40 patients treat-
ed with 137 therapy alone. Low dose of rhTSH prior to 137l therapy

showed no significant advantage in GV reduction compared with
131 therapy alone (MD=7.40;95% Cl=-1.92t0 16.71; p=0.12;
12=66 %, » Fig. 4a) with high heterogeneity. Although the substan-
tial heterogeneity existed in high dose of rhTSH group, the source
of heterogeneity cannot be determined by sensitivity analyses,
which used the leave-one-out method by removing one study at a
time and then repeated the analysis, due to only two trials report-
ing the effect of high dose of rhTSH. And for low dose group, the
sensitivity analysis was conducted to determine the source of het-
erogeneity. The study conducted by Graf et al. [17] was excluded
for different sex ratios, and sensitivity analysis result found a more
significant decreased effect on GV by low dose of rhTSH (MD=11.24;
95% Cl=4.18 to 18.30; p=0.002; I2=0%, > Fig. 4b).

In addition, 12 months follow up was performed by 5 RCTs and
142 patients were included. GV reduction was significant in 67 pa-
tients (8 patients with 0.1 mg rhTSH, 42 patients with 0.3 mg rhTSH
and 17 patients with 0.45 mg rhTSH) who received high-dose rhTSH
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rhTSH placeco Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
high dose of rhTSH
C.C. Albino, 2010 (1) 285 1786 8 27 153 8 140% 25.80(9.64, 41.96] -
Nielsen VE, 2006 46 15.87 28 36 2318 29 21.3% 10.00[-0.28, 20.28] ™
Subtotal (95% CI) 36 37 354% 16.62[1.34,31.90] -

Heterogeneily: Tau® = 77.07, Chi*= 2.61, df=1 (p = 0.11); F= 62%
Test for overall effect Z= 213 (p = 0.03)

low dose of rhTSH

C.C.Albino, 2010(2) 216 178 6 27 153 8 126% 18.90[1.14, 36.66] —
H. Graf, 2011 (1) 233 165 30 231 8.8 32 26.8% 0.20 [-6.45, 6.85] "

H. Graf, 2011 (2) 329 207 33 231 8.8 32 252%  980[2.11,17.49] E=—
Subtotal (95% CI) 69 72 64.6% 7.40[-1.92,16.71] >
Heterogeneity: Tau® = 41.91; Chi*= 6.83, df= 2 (p = 0.05); F= 66%

Testfor overall effect Z=1.56 (p=0.12)

Total (95% Cl) 105 109 100.0% 10.66 [2.66, 18.66] <>

Heterogeneity: Tau® = 50.58; Chi*= 11.72, df= 4 (p= 0.02), F = 66%
Tesl for overall effect Z= 2 61 (p = 0.009)

-100 -50 0 50 100

Test for subaroun differences: Chi®=1.02. df=1(p = 0.21). "= 2.0% Favours [placebo] Favours [thTSH)
b ‘ ’
thTSH placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV.Randoim, 95% Cl IV, Random, 95% CI

high dose of rhTSH
C.C. Albino, 2010 (1) 285 1786 8 27 153 8
Nielsen VE, 2006 46 1587 28 36 2318 29
Subtotal (95% CI) 36 37
Helerogeneity. Tau®= 77.07, Chi*=2.61,df=1 (p= 011}, F=62%
Testfor overall effect: Z= 2.13 (p = 0.03)

low dose of rhTSH
C.C. Albino, 2010 (2) M8 178 B 27 153 8

14.2% 25.80 [9.64, 41.96]

29.7% 10.00 [-0.28, 20.28] —

43.9% 16.62[1.34,31.90] e

121% 18.90 [1.14, 36.66)

H. Graf, 2011 (1) 233 185 30 231 88 32 Not estimable

H. Graf, 2011 (2) 329 207 33 234 88 32 44.0% 9.80[2.11,17.49) —a—
Subtotal (95% CI) 39 40 56.1% 11.24[4.18, 18.30] -
Heterogeneity. Tau®= 0,00, Chi*= 0.85, df= 1 (p = 0.36); F= 0%

Test for overall effect: Z=3.12 (p = 0.002)

Total (95% CI) 75 77 100.0% 13.24[6.71, 19.76] -

Helerogeneity: Tau®= 9.76; Chi*= 3.80, df= 3 (p=0.28); F= 21%
Testfor overall effect: Z= 3.98 (p < 0.0001)
Testfor subaroun differences: Chi*= 0.38. df= 1 (p = 0.53). F= 0%

-50 -25 0 25 50
Favours [placebo]  Favours [(hTSH)

® rhTSH placebo Mean Difference Mean Difference

Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% Cl IV, Random, 95% C1

high dose of rhTSH
C.C. Albino, 2010 (1) 367 181 8 19 243 8 64% 17.70(-3.30,38.70) T
Marcia N.C. Sitva, 2003 578 1252 17 3975 1179 17 425% 18.05(9.87,26.23) =
Nielsen VE, 2006 621 1587 28 461 2156 29 296% 16.00(6.20,25.80) ==
Steen J. Bonnema, 2007 533 1235 14 341 2154 15 17.7% 10.20(8.52,31.88) —_—
Subtotal (95% CI) 67 69 96.2% 17.61[12.17,23.04] <
Heterogeneity: Tau®= 0.00; Chi*= 0.18, df= 3 (p = 0.98); F= 0%
Testfor overall effecl: Z= 6.35 (p = 0.00001)

low dose of rhTSH
C.C. Albino, 2010 (2) 374 274 6 19 243 8 38% 18.40(-9.05, 45.85) T
Subtotal (95% CI) 6 8  3.8% 18.40[-9.05,45.85] —re—
Heterogeneity: Mot applicable
Testfor overall effiecl: Z=1.31 (p=0.19)
Total (95% CI) 73 77 100.0% 17.64 [12.31,22.97] . . .. .
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»Fig.4 a Forest plot of subgroup analysis for the reduction of GV after 6 months’ follow up. b Forest plot of sensitivity analysis for the influence of
low dose of rhTSH treatment on GV reduction after 6 months’ follow up. ¢ Forest plot of subgroup analysis for the reduction of GV after 12 months’
follow up. Results were shown by MD with 95 % CI. GV: Goiter volume; MD: Mean difference.

Discussion

compared with 69 patients treated with 37l therapy alone with no
heterogeneity (MD=17.61;95% Cl=12.17 to 23.04; p<0.00001;
12=0%, » Fig. 4c). One study [13] reported the effect of low-dose
rhTSH after 12-months follow up and showed no significant differ-
ence in the reduction of GV between low dose of rhTSH and place-
bo group (MD=18.40;95% Cl=-9.05 to 45.85, p=0.19, » Fig. 4c).

Publication bias

The funnel plots of GV reduction based on 6, 12, and 36 months’
follow up are shown in > Fig. 5a, b, c, respectively. The funnel plot
shapes were symmetrical, indicating no obvious reporting bias.

In the present meta-analysis, six articles [13-18] covering 9 RCTs
with 237 patients were included. The results suggested that high
dose of rhTSH injected to patients before 13l therapy significantly
reduced GV compared to the patients with 137l monotherapy after
both 6 and 12 months follow up, but the risk of hypothyroidism was
higher. Together, pooled subgroup analyses showed that high-dose
rhTSH stimulation before 13| therapy had a significant advantage
in GV reduction after 12 months follow up than that of 6 months
follow up. However, only two RCTs reported the decreased effect
on the GV of treatment with high dose of rhTSH after 6 months fol-
low up, thus the results must be interpreted with caution. Further-
more, low-dose rhTSH stimulation after follow up for 6 months
gained a better effect on GV reduction than placebo. Whereas low-
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»Fig.5 Funnel plots of GV reduction after 6 (a), 12 (b), and 36 (c) months’ follow up revealed no significant publication bias. GV: Goiter volume;

MD: Mean difference; SE (MD): Standard error of mean difference.

dose rhTSH treatment after 12 months follow up achieved no sig-
nificant advantage in GV reduction for only one RCT reporting the
effect of low-dose rhTSH treatment after 12-months follow up.
These findings may be helpful for future study in determining the
optimal dose of rhTSH stimulation before 137l therapy which match-
es different follow-up time.

In patients with MNG, an unrestricted air flow may be jeopard-
ized due to deformation of the trachea [19]. Currently, there is still
no consensus in MNG treatment. Due to low efficacy and the po-
tential risk of surgical complications, LT4 therapy and surgery are
not commonly used at all [4-6]. During the last two decades, 1371
therapy has, in some countries, become the cornerstone in the
treatment of patients with MNG [20]. It is reported that 13!l thera-
py can result in a mean thyroid volume reduction ranging from
40-60 % within 1-2 years after treatment [8]. However, many phy-
sicians are still reluctant to choose this therapeutic method
[20,21]. Because MNG is often large, and frequently correspond-
ing RAIU is low resulting in a relatively low 13 activity, which is not
good for satisfactory goiter shrinkage [22].

RhTSH has become available for diagnostic use in patients with
differentiated thyroid cancer [23, 24]. With the recent advent of
rhTSH which has been shown to approximately double the 24 h thy-
roid RAIU of MNG [9, 10], the possibility of increasing the absorbed

radioactive dose in the thyroid gland appears promising in dealing
with the limited effect of 13"l therapy. Albino et al. showed that GV
reductions were not statistically different in patients treated with
rhTSH plus 137l compared to those treated with 137l alone [13], while
in the study of Marcia et al., they got a dramatically different result
[14]. But whether rhTSH combined with 371 therapy showed a GV
reduction advantage and what is the suitable dose for different fol-
low-up time of therapy are disputed.

By conducting a systematic review, we obtained an estimate
that high dose of rhTSH injected to patients before 1371 therapy sig-
nificantly reduced GV compared to the patients with 13’ mono-
therapy. The mechanism of rhTSH enhancing GV reduction com-
bined with 137l therapy in MNG remains unclear. The reason might
be associated with enhanced uptake of the radioactive iodine and
prolonged permanency of the radioisotope within the gland thy-
roid. Experimental studies also showed that the plausible explana-
tion of the preconditioning effect of rhTSH was a more homogene-
ous distribution of 31 within the goiter [25]. Moreover, a rhTSH-in-
duced reactivation of dormant thyroid tissue, increased thyroid
sensitivity to ionizing radiation, and a higher rate of apoptosis of
the thyrocytes could contribute to the enhancement of GV reduc-
tion [16, 17, 26].
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The development of hypothyroidism is a late adverse effect of
131 therapy [27]. In this study, the incidence of hypothyroidism was
significantly higher in patients receiving high dose of rhTSH stim-
ulated 137l therapy. This most likely resulted from a higher retained
and more homogeneous distribution of 1311 in thyroid [25]. LT4 re-
placement therapy is usually straightforward after 131l therapy [28],
thus hypothyroidism should not be a major argument against
rhTSH-augmented GV reduction effect.

Whatisimportantin our analysis is that when the moderate het-
erogeneity was taken into account. Due to nonnegligible hetero-
geneity after 6 months follow up, pooled subgroup analyses about
different degree of dose were conducted and showed that high-
dose rhTSH stimulation before 13l therapy had a significant advan-
tage in GV reduction with still existing heterogeneity and the sim-
ilar results were observed as low dose group. For high dose group,
due to only two RCTs which were included in our analysis evaluat-
ing the decreased effect of high dose of rhTSH on GV reduction, it
was not suitable to conduct the sensitivity analysis to determine
the source of heterogeneity and the result needed to be explained
with caution. For low dose group, when we performed sensitivity
analysis, heterogeneity disappeared eventually. Therefore, for
short-term observation after treatment, high dose of rhTSH could
obtain a more ideal result but more studies were needed to assess
the influence of high dose of rhTSH.

Several limitations need to be considered. First, there was a dis-
crepancy in the methodological quality across the included trials.
Additionally, since no authors mentioned the lower limit of normal
serum-free T4 in the included articles, the definition of hypothy-
roidism as the main adverse effect of rhTSH administration might
be inconsistentin various studies, which increased the clinical het-
erogeneity. Other factors, such as sample sizes, and the method-
ology of GV measurement might also influence the results of our
analyses. Furthermore, there was no available data concerning the
costs of rhTSH injection in the included trials, and differences in
cost were not considered.

Conclusions

To summarize, high dose of rhTSH injection before 1371 therapy sig-
nificantly reduced GV compared to that of 131l monotherapy after
both 6 and 12 months follow up. Whereas, a higher incidence of
hypothyroidism was observed in MNG patients receiving rhTSH ad-
ministration than those who received placebo treatment, especial-
ly in those received high-dose rhTSH treatment. Finally, our find-
ings might help the clinicians to determine the optimal dose of
rhTSH stimulation before 137l therapy, especially for some MNG pa-
tients who had surgical contraindications or reluctance to perform
surgery. Furthermore, larger high-quality RCTs are required to fur-
ther validate the above conclusions, especially for the observation
after 36 months follow up in future.
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