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ABSTRACT

Objective To determine the effect of adjunctive
antithyroid drugs on the risk of treatment failure,
hypothyroidism, and adverse events after radioiodine
treatment.

Design Meta-analysis.

Data sources Electronic databases (Cochrane central
register of controlled trials, Medline, Embase) searched to
August 2006 and contact with experts.

Review methods Three reviewers independently
assessed trial eligibility and quality. Pooled relative risks
fortreatment failure and hypothyroidism after radioiodine
treatment with and without adjunctive antithyroid drugs
were calculated with a random effects model.

Results We identified 14 relevant randomised controlled
trials with a total of 1306 participants. Adjunctive
antithyroid medication was associated with an increased
risk of treatment failure (relative risk 1.28, 95%
confidence interval 1.07 to 1.52; P=0.006) and a reduced
risk for hypothyroidism (0.68, 0.53 to 0.87; P=0.006) after
radioiodine treatment. We found no difference in
summary estimates for the different antithyroid drugs or
for whether antithyroid drugs were given before or after
radioiodine treatment.

Conclusions Antithyroid drugs potentially increase rates
of failure and reduce rates of hypothyroidism if they are
given in the week before or after radioiodine treatment,
respectively.

INTRODUCTION

Hyperthyroidism is a common condition' that is asso-
ciated with increased morbidity and mortality, espe-
cially because of cardiovascular complications.”*
Radioiodine treatment was introduced in 1941° and
has become a cornerstone in the treatment of
hyperthyroidism,® although short and long term side
effects are common. Short term side effects include
an acute rise in thyroid hormone concentrations with
potential clinical exacerbation and increased cardio-
vascular risk.” Long term side effects include
hypothyroidism,* which requires permanent thyroid
hormone substitution.

The antithyroid drugs propylthiouracil and methi-
mazole and its precursor carbimazole are commonly
used to alleviate symptoms of hyperthyroidism and
to diminish the short and long term side effects of
radioiodine treatment.’'® There is disagreement, how-
ever, about the beneficial and detrimental effects and
the optimal sequencing of the different antithyroid
drugs before or after radioiodine treatment. So far,
these controversies remain unsolved, although they
have been subject to numerous clinical studies. Cur-
rent recommendations and guidelines are solely
based on single trials and narrative reviews.

We conducted a systematic review and meta-analy-
sis of randomised controlled trials to compare the rates
of treatment failure and the short and long term side
effects in people with hyperthyroidism receiving radio-
iodine treatment with or without adjunctive anti-

thyroid drugs.

METHODS

Search strategy

We searched the electronic libraries Medline, Embase
(from their inception to August 2006), and the
Cochrane central register of controlled trials
(Cochrane Library 2006, issue 1) for randomised and
non-randomised studies comparing adjunctive anti-
thyroid drugs with control on the outcome of radio-
iodine treatment. We used the terms “antithyroid
agents”, “thioamides”, “propylthiouracil”, “methyl-
thiouracil”, “methimazole”, “carbimazole” and
“iodine radioisotopes” as medical subject headings
and “thioamides”, “propylthiouracil”, “methylthioura-
cil”, “methimazole”, “carbimazole”, “thyrostatic”,
“anti-thyroid”, “1311”, “131-iodine”, “radioactive”
and “radioiodine” as text words. There were no lan-
guage restrictions. We also searched relevant websites
(www.controlled-trials.com and www.update-soft
ware.com/nationalin August 2006) and reference lists
of all identified articles, narrative reviews, and recently
published editorials and contacted experts for unpub-
lished trials and authors of included primary trials to
obtain additional data where needed.
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Study selection

For inclusion into the meta-analysis, studies had to be
randomised controlled trials in adults with hyperthyr-
oidism that examined the outcome of radioiodine
treatment with adjunctive antithyroid drugs. Studies
had to have a minimum follow-up of six months. We
excluded studies that intended to deliver different tar-
get doses of radioiodine to compensate for a potential
effect of the antithyroid drug. Table A on bmj.com
gives characteristics of and data from identified studies
that were not randomised but otherwise fulfilled our
inclusion criteria.

Quality assessment

Three investigators (MC-C, MB, MAW) indepen-
dently assessed study eligibility and quality blinded
to each other’s rating and resolved any disagreement
by consensus. We assessed the quality of trials accord-
ing to concealment of treatment allocation (to protect
from selection bias), completeness of follow-up (to
protect from attrition bias), blinding of patients and
caregivers (to protect from performance bias), blinding
of outcome assessors (to protect from detection bias),
and performance of a sample size calculation. We

considered allocation of treatment to be concealed if
studies mentioned a central independent randomisa-
tion facility, the use of numbered sealed opaque envel-
opes, or a central pharmacy that prepared and
distributed containers.

Qutcomes and data extraction

Main outcome measures were rates of treatment failure
(persistent hyperthyroidism, recurrent hyperthyroid-
ism, or need for further treatment), hypothyroidism,
and adverse effects 6-12 months after radioiodine treat-
ment. We defined thyroid status according to the
criteria in the single primary trials (table 1). Radio-
iodine treatment was considered as successful if
hyperthyroidism was eliminated according to the defi-
nition used in the corresponding trials. Three investi-
gators (MC-C, MB, MAW) extracted information on
baseline characteristics of included trials and patients,
reported on methodological quality, and indepen-
dently extracted clinical outcome.

Quantitative data synthesis
We pooled treatment effects and calculated risk ratios
and corresponding 95% confidence intervals for the

Table 1| Characteristics of trialincluded in systematic review of effect of antithyroid drugs on radioiodine treatment

Interval between Sample size Com- No of
Mean dose of stopping antithyroid Radioiodine dose calculation/ plete participants:
antithyroid drug (mg/  drug and radioiodine  regimen (target Criteria for Follow-up concealed Blind- follow- intervention/
Trial Origin day) therapy dose) thyroid status (months) allocation ing up (%) control/total
Hamilton USA Propylthiouracil (300) 7 days after Uptake adapted ~ SPI, BMR, *3"| 7 No None 100 33/22/55
(1952)"* Methimazole (30)* (ND) uptake, clinic
Steinbach USA Propylthiouracil (ND) 7 days after/ Uptake adapted T4, T3, TSH 12 No None 80.0 13/11/24
(1979)%2 simultaneous* (50 gray)
Bazzi USA Propylthiouracil (300) 5 days after Uptake adapted T4, TSH, ***luptake 12 No None 100 36/34/70
(993 B B (3.7 MBa/g) B B B B B B
Tian (2001)"* China Propylthiouracil (50) 3 days after Uptake adapted T4, T3, TSH 6 No None 97.4 94/93/187
B B B (3.7 MBa/g) B B B B B B
Bonnema Den- Propylthiouracil (100) 4 days before Uptake adapted T4, T3, TSH 12 Sample sizeonly None 98.8 39/41/80
(oo™ mark B ~ (3.7 MBg/g) B B B B B B
Goolden UK Carbimazole (ND) 2 days before Uptake adapted ~ ND 12 No None 100 83/98/181
(1969)"¢ (5.6 MBq/g)
Aro (1981)"7  Finland  Carbimazole (30) 2 days before/2 days  Uptake adapted Free T4 index, 6 No Care- 100 36/34/70
after (3t/61 MBq/g) clinical score givers
only
Connell Scot- Carbimazole (20-30) 3 days before Uptake adapted T4, T3, TSH 12 No None 87.8 45/45/90
(1986)"8 land (3.7 MBq/g)
Gamstedt Sweden Methimazole (30) 7 days beforel day Fixed T4, 73, ' uptake 12 Sample sizeonly None 97.5 17/22/39
(98e)” B ~ after B B B B B B B
Kung Hong Methimazole (30) 4 days after Uptake adapted ~ TSH, ***I scan, 12 No None 97.0 80/79/159
(199510 Kong (70-80 gray) clinic
Andrade Brazil Methimazole (30) 4 days before Uptake adapted ~ Antibodies, **I 12 No Asses- 91.0 29/32/61
(2001)"* (7.4 MBqg/g) uptake, T4, T3, TSH sors
only
Braga USA Methimazole (30) 6 days before Fixed TSH, antibodies, 12 Sample sizeonly None 90.5 18/20/38
(200212 31| uptake
Bonnema Den- Methimazole (5) 7 days after Fixed T4, T3, TSH 12 No 94.1 73/76/149
(2003)"*3 mark
Bonnema Den- Methimazole (7.5) Simultaneous Uptake adapted T4, T3, TSH 12 Samplesizeonly None 94.9 39/36/75
(2006)"** mark ~ (100 gray)

ND=not described, SPI=serum precipitable iodine (Chaney method); BMR=basal metabolic rate (Benedict-Roth method); T4=levothyroxine, T3=tri-iodothyronine; TSH=thyroid stimulating

hormone.

*Two separate intervention arms.
tGraves’ disease.

fToxic nodular goiter.
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Potentially relevant studies identified
and screened for retrieval (n=1266)

Studies excluded (n=1190):
Multiple identification by different search strategies
No intervention with radioiodine
No intervention with antithyroid drugs
No adult patients
Inadequate trial design

Studies retrieved for full paper review (n=76)

Studies excluded (n=62):
No randomisation (n=56)
Duplicate reports (n=3)
Follow-up < 6 months (n=3)

Potentially appropriate randomised controlled
trials to be included in the systemic review (n=14)

{

Included in systemic review (n=14)

{

Usable information by outcome (n=14)

Fig 1| Flowchart of search results

main outcomes in the treatment and control groups
using a random effects model.'' All comparisons
were based on an intention to treat analysis. Loss of
follow-up was regarded as unsuccessful treatment.
We also performed a per protocol analysis restricted
to patients with complete follow-up for treatment
failure and hypothyroidism. We tested for hetero
Egger’s test.”**eneity with the Cochran Q test and
measured inconsistency (I%; the percentage of total var-
iance across studies attributable to heterogeneity
rather than chance) of treatment effects across trials.'?
We regarded an /* value up to 25% as low, up to
50% as moderate, and more than 50% as high

inconsistency. We examined the presence of a small
study effect by means of funnel plots and
Egger’s test."* '

Sensitivity analyses were performed according to the
use of fixed versus uptake adapted regimens of radio-
iodine dose, high versus low dose of antithyroid drugs,
the discontinuation interval for the antithyroid drug
before and after radioiodine treatment (within 3 v
4-7 days), the use of a thyroid stimulating hormone
(TSH) assay for definition of thyroid status versus other
criteria, and the inclusion of patients with Graves’ dis-
ease only versus additionally including patients with
toxic nodular goitre. We used logistic regression to
examine the association of administered radioiodine
and resulting hypothyroidism and success rates in the
control arms of all included trials. We used Stata 9.2 (Sta-
taCorp, College Station, TX) and RevMan 4.2 (Nordic
Cochrane Centre) for data analysis.

RESULTS

Fourteen randomised controlled trials met the inclusion
criteria”™"* (fig 1), including one unpublished trial.**
Four trials used propylthiouracil,**** three used
carbimazole,"*"® six used methimazole,""*'* and one
trial with two treatment arms used propylthiouracil and
methimazole."! Two trials had additional treatment arms
with betamethasone" or potassium iodide."* These arms
were not considered for our analysis. The included trials
randomly assigned 1306 patients receiving radioiodine
treatment to adjunctive antithyroid drugs (n=660) or con-
trol (n=646).

Study characteristics

The included trials were conducted in different countries
on four continents and were published over a period of
54 years (1952-2006). Except for one report in

Table 2 | Characteristics of participant’s at time of randomisation. Figures shown are intervention/control

Women  Mean age Graves’ Thyroid 131l uptake 131l activity
Trial (%) (years) disease (%) size(ml) T4 (nmol/l) T3 (nmol/l)  TSH (muU/l) (%) (MBq)
Hamilton™! 70/68  46/46 100/100 ND ND ND ND 46/46 158/148
Steinbach™  0/0  44/42  100/100 ND ND ND  ND  34/46  585/370
Bazzi"? 95/80  44/42 100/100 ND ND ND ND ND ND
Tian™ 83/82  37/36 100/100 55/56*  217/206  6.2/65  <0.03/<0.03  72/67 281/306
Bonnema"s 90/85  58/53 26/32 21/24 331348t  7.6/83t  0.01/0.01 58/49 283/332
Goolden™s ND ND 100/100 ND ND ND ND ND ND
Aro"§ 75/85  55/56 61/59 45/43¢  298/310t ND ND 67/56 296/311
Connell®  89/93  55/53  86/81  35/43* ND ND ND  76/68  227/216
Gamstedt™ 94/78  59/60 100/100 ND 276/246  5.8/5.2 ND 64/65 370/370
Kung"*® 74/75 46/48 100/100 42/41* 251/241 5.6/4.5 0.05/0.05 75/75 202/208
Andrade™®  93/88  37/35  100/100  31/38  59.2/57.9  7.1/7.3  0.03/0.03  70/73  329/392
Braga"2 63/100  45/35 100/100 ND 44.3/66.8] 13.1/22.7%* ND 46157 580/580
Bonnema"*? 79/87  61/57 23/38 45/41  96.7/90.6t  1.8/1.8t  0.05/0.09  65/65 400/400
Bonnema"*  95/89  55/58  31/49 3441 83/82f  16/18F  043/0.02  44/62 267/277

ND=not described; T4=levothyroxine, T3=tri-iodothyronine; TSH=thyroid stimulating hormone.

*Thyroid size in grams.

tFree T4 index.

fFreeT3 index.

§Patients’ characteristics at time of radioiodine therapy.
IFree T4 (pmol/l).

**FreeT3 (pmol/l).
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Before radioiodine

Propylthiouracil
Bonnema®’
Subtotal (95% Cl)

Total events: 14 (antithyroid drugs), 7 (control)

Carbimazole/methimazole
Goolden"?°

Aro"”
Connel
Gamstedt"?

Andrade*!!
w12

IW8

Braga
Subtotal (95% Cl)

Total events: 63 (antithyroid drugs), 48 (control)

Total (95% ClI)

Treatment Control

(n/N)

14/40
40

19/83
10/36
18/45
7/17
4129
5/21
231

271

Total events: 77 (antithyroid drugs), 55 (control)

Test for heterogeneity: P=0.60
Inconsistency: / ?=0%

After radioiodine

Propylthiouracil
Hamilton*?
Steinbach"?
Steinbach"?
Bazzi"?

Tian"4

Subtotal (95% Cl)

Total events: 55 (antithyroid drugs), 33 (control)

Carbimazole/methimazole
Hamilton"?

Bonnema"!*

Aro"’

Gamstedt"?

Kung"1?

Bonnema"!?

Subtotal (95% Cl)

Total events: 103 (antithyroid drugs), 83 (control)

Total (95% Cl)

Total events: 158 (antithyroid drugs), 116 (control)

Test for heterogeneity: P=0.25
Inconsistency: / =20.3%

9/15
5/7
8/13
10/43
23/97
175

6/18
23/40
10/36

7/17
39/83
18/73

267

442

Weight Relative risk
(n/N) (%, (random) (95% CI)
7/41 - 20.47 2.05(0.92t0 4.54)
41 > 20.47 2.05(0.92to 4.54)
19/98 - 29.40 1.18 (0.67 to 2.08)
6/34 —— 11.65 1.57 (0.64 t0 3.86)
13/45 1 27.72 1.38(0.77 t0 2.48)
2/23 —— 4.51 4.74(1.121t020.01)
5/32 — 6.35 0.88(0.26 t0 2.98)
3/21 —1— 5.57 1.67 (0.46 t0 6.10)
253 > 85.20 1.39 (1.00to 1.94)
294 g 100.00 1.48 (1.09 to 2.00)
7/22 e 8.79 1.89(0.90to 3.95)
0/4 ———=—— 0.81 6.88(0.481t099.35)
0/4 ——=—— 0.81 6.07(0.421t087.07)
2/35 = 2.63  4.07 (0.95t0 17.37)
24/95 - 15.92 0.94(0.57 to 1.54)
160 > 28.95 1.91(0.92t0 3.94)
7/22 —— 6.35 1.05 (0.43 to 2.56)
17/39 = 18.34 1.32(0.84 10 2.06)
6/34 - 6.32  1.57(0.64 to 3.86)
2/23 —— 2.66 4.74(1.121020.01)
33/81 = 24.21 1.15(0.81t01.63)
18/76 —— 13.17 1.04 (0.59 to 1.84)
275 o 71.05 1.23(0.981t0 1.55)
435 > 100.00 1.32 (1.04to 1.68)
0.01 0.1 1 10 100
Favours Favours
additional control
antithyroid
drugs

Fig 2 | Risk of treatment failure with antithyroid drugs given before or after radioiodine

treatment
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Chinese,** all publications were reported in English,
and, with the exception of three trials,”' ***” the follow-
up period was one year. The quality of methods of
included trials was generally poor; few studies reported
adequate methods for randomisation and blinding. Over
the 54 years, different criteria were used to assess the
thyroid status (table 1). Overall, 1269/1306 (97%) parti-
cipants completed follow-up. The participants’ mean age
ranged from 37 years to 60 years, and the applied median
dose of radioiodine varied between 158 and 585 MBgq.
Apart from one trial,"* all reports included men and

women and, with the exception of five
trials,> 7 #1314 included only patients with Graves’
disease (table 2). Several studies administered additional
B adrenergic blocking agents to all patients,"'* to the con-
trols only,” or solely to patients with severe
hyperthyroidism.** > 101 13w14 Fiye trials gave anti-
thyroid drugs before radioiodine treatment," ¢ 8w w12
seven trials gave them at the same time or
after,""* 10134 and two trials gave them before and
after."” "

Treatment failure

The summary risk ratio for treatment failure with adjunc-
tive antithyroid drugs compared with control was 1.28
(95% confidence interval 1.07 to 1.52; P=0.006). There
was no difference in summary estimates for different anti-
thyroid drugs. A similar risk ratio was obtained on the
basis of a per protocol analysis (1.34, 0.96 to 1.88;
P=0.09). Subgroup analysis revealed a risk ratio of 1.48
(1.09 to 2.00; P=0.01) when antithyroid drugs were given
before radioiodine treatment and 1.32 (1.04 to 1.68;
P=0.03) when they were given simultaneously or after
radioiodine treatment (fig 2). Heterogeneity among treat-
ment effects was low. The funnel plot indicated an asym-
metric distribution (Egger’s test P=0.002) with a larger
effect size in smaller studies. When we excluded the
three smallest studies we found a significantly increased
risk of treatment failure (1.21, 1.00 to 1.45; P=0.04) and
lower evidence for funnel plot asymmetry (Egger’s test
P=0.15).

Hypothyroidism

The summary risk ratio for hypothyroidism with adjunc-
tive antithyroid drugs compared with control was 0.68
(0.53 to 0.87; P=0.006). Again, there was no difference
in summary estimates for the different antithyroid
drugs. A per protocol analysis revealed a similar risk
ratio (0.77, 0.54 to 1.10; P=0.15). The risk ratio was
0.76 (0.57 to 1.01; P=0.06) when antithyroid drugs were
given before radioiodine treatment and 0.57 (0.41 to
0.78; P<0.001) when they were given simultaneously or
after radioiodine treatment (fig 3). Heterogeneity among
treatment effects was low to moderate. The funnel plot
indicated an asymmetric distribution (Egger’s test
P=0.022) with a larger effect size in smaller studies.
When we excluded the three smallest studies sensitivity
analysis showed a significant reduction in risk of
hypothyroidism (0.80, 0.68 to 0.95; P=0.01) and lower
evidence for funnel plot asymmetry (Egger’s test
P=0.13).

Sensitivity analyses

We found a trend towards a higher risk of treatment fail-
ure in the two trials using fixed radioiodine doses™**?
(2.68, 0.96 to 7.44) compared with the five trials that
adapted dose calculation according to uptake"**®*!!
(1.38, 1.00 to 1.91) when antithyroid drugs were given
before radioiodine. We found a trend towards larger
effects on treatment failure (1.39, 1.00 to 1.94) and
hypothyroidism (0.74, 0.54 to 1.02) in the six trials with
wiwEWTwI0 compared with

high doses of antithyroid drug
BM) | ONLINE FIRST | bmj.com



Before radioiodine

Propylthiouracil
Bonnema"®
Subtotal (95% Cl)

Total events: 6 (antithyroid drugs), 7 (control)

Carbimazole/methimazole
Goolden"?°

Aro"’

Connell"®

Gamstedt"?

Andrade"!!

Braga“!?

Subtotal (95% Cl)

Total events: 62 (antithyroid drugs), 94 (control)

Total (95% Cl)

(n/N)

6/40

12/83
3/36
7/45
8/17

16/29

16/21

Total events: 68 (antithyroid drugs), 101 (control)

Test for heterogeneity: P=0.15
Inconsistency: / >=36.3%

After radioiodine

Propylthiouracil
Hamilton"!
Steinbach"?
Steinbach"?
Bazzi"?

Tian"*

Subtotal (95% CI)

Total events: 32 (antithyroid drugs), 43 (control)

Carbimazole/methimazole
Hamilton"!

Bonnema"'*

Aro"”

Gamstedt"?

Kung"1°

Bonnema"!?

Subtotal (95% Cl)

Total events: 30 (antithyroid drugs), 64 (control)

Total (95% Cl)

0/15

23/43
7197

1/18
2/40
3/36
8/17
3/83
13/73

Total events: 62 (antithyroid drugs), 107 (control) 0.01 0.1 1 10 100

Test for heterogeneity: P=0.25
Inconsistency: / 2=20.5%

Treatment Control Weight Relative risk
(n/N) (%) (random) (95% CI)
7/41 i 453 0.88 (0.32102.39)
40 41 4.53 0.88(0.32t02.39)
13/98 —— 11.29 1.09 (0.53 to 2.26)
9/34 —- 4.84 0.31(0.09t01.07)
18/45 == 10.40 0.39 (0.18 t0 0.84)
18/23 —a 16.57 0.60 (0.35 to 1.04)
18/32 - 20.79 0.98 (0.63 to 1.54)
18/21 - 29.28 0.89 (0.66 to 1.20)
231 253 & 93.17 0.74(0.541t01.02)
271 294 &> 100.00 0.76 (0.57 to 1.01)
2/22 —_— 1.11  0.29(0.01 to 5.60)
1/7 3/4 — 2.63 0.19(0.03t01.27)
1/13 3/4 —_— 2.47 0.10(0.01t00.73)
27/35 - 32.18 0.69 (0.50 to0 0.97)
8/95 —a— 8.73 0.86(0.321t02.27)
175 160 | 47.13 0.53(0.28t00.99)
2/22 —_— 1.80 0.61(0.06t0 6.21)
3/39 — 3.13 0.65(0.11t0 3.68)
9/34 —e— 5.95 0.31(0.09 to 1.07)
18/23 — 19.99 0.60 (0.35 to 1.04)
16/81 — 6.17 0.18 (0.06 to 0.60)
16/76 —a— 15.84 0.85 (0.44 t0 1.63)
267 275 L 2 52.87 0.54(0.351t00.84)
442 435 < 100.00 0.57 (0.41t0 0.78)
Favours Favours
additional control
antithyroid
drugs

Fig 3 | Risk of hypothyroidism with antithyroid drugs given before or after radioiodine

treatment
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the three trials using lower doses™* ™" after radio-
iodine (1.11, 0.83 to 1.48, for treatment failure; 0.83,
0.49 to 1.39, for hypothyroidism). There was no differ-
ence in treatment effects for different discontinuation
intervals of antithyroid drug, the use of a TSH assay for
definition of thyroid status, or patients with Graves’ dis-
ease or toxic nodular goitre, or both.

Correlation of radioiodine activity and outcome

Logistic regression showed a highly significant correla-
tion between the administered radioiodine activity and
the rates of hypothyroidism (P<0.001) and successful
treatment (P<0.001) (fig 4).

Acute complications of antithyroid drugs and radioiodine
Adverse events with antithyroid drugs were reported in
12/660 participants (1.8%), including one non-specified
allergic reaction in 233 patients (0.4%) taking
propylthiouracil*® and 10 allergic skin reactions and
one transient neutropenia in 263 patients (4.2%) taking
methimazole.***'**!! Seven trials systematically moni-
tored thyroid hormone concentrations in the weeks
before or after radioiodine treatment, or both. Pretreat-
ment with antithyroid drugs reduced concentrations of
serum thyroid hormones before radioiodine treatment
(mean time to achieve euthyroidism 7-12 weeks) and
until six weeks after radioiodine treatment."> 7 "9 w1 w12
Antithyroid drugs given with or after radioiodine treat-
ment reduced thyroid hormone concentrations until
eight weeks after radioiodine treatment."”*"**'* One
trial monitored the acute clinical course after radioiodine
treatment using the Crooks-Wayne hyperthyroidism
score and found significant improvement with adjunc-
tive antithyroid drugs compared with the controls."”
New onset atrial fibrillation after radioiodine treatment
was reported in 1/660 (0.2%) patients with additional
antithyroid drugs and in 3/646 (0.5%) patients without
additional antithyroid drugs. Death after radioiodine
treatment was reported for 1/660 (0.2%) patients with
and 6/646 patients (0.9%) without adjunctive antithyroid
drugs.

DISCUSSION
In patients undergoing radioiodine treatment for
hyperthyroidism, antithyroid drugs affect the rates of
treatment failure and hypothyroidism and may affect
morbidity and mortality in the year after treatment.
Failures of radioiodine treatment include persistent
and recurrent hyperthyroidism, which increases the
cardiovascular risk and necessitates further treatment.'*
Conversely, hypothyroidism requires regular and life
long follow-up and consumption of healthcare resources
for titration of the optimal dose of levothyroxine. The
influence of antithyroid drugs on rates of failure and
hypothyroidism with radioiodine treatment has been
debated for decades, and most randomised controlled
trials have been underpowered to detect significant

—— Successrate === Hypothyroidism rate

E 1.0 .

5 Treatment failure

©

E 0.8

-=

=

2

S 06

< =0.79 4

@0 =% Euthyroidism e

0 s

o 0.4 ’

= 4

5 Pd

@ 270

s 0.2 S o O

@ - -

E o 062 - o _- 0O Hypothyroidism
0 100 200 300 400 500 600
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Fig 4| Association between radioiodine activity and rates of
success and hypothyroidism derived from logistic regression
model. Size of squares and diamonds corresponds to number
of participants in individual studies
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Antithyroid drugs are often used before, during, or after radioiodine treatment for
hyperthyroidism

There is still disagreement about the overall beneficial and detrimental effects and the
optimal sequencing of the different antithyroid drugs before or after radioiodine treatment

WHAT THIS STUDY ADDS

Adjunctive antithyroid drugs reduce the biochemical exacerbation of hyperthyroidism directly
after radioiodine treatment

When given in the week before or after radioiodine, antithyroid drugs increase the failure
rates and reduce the hypothyroidism rates
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effects on either outcome. Importantly, our meta-analy-
sis suggests increased treatment failures if antithyroid
drugs are given before, with, or after radioiodine treat-
ment and a reduced risk of hypothyroidism, especially
if antithyroid drugs are given with or after radioiodine
treatment. Considering the progressive nature of the
yearly increasing incidence of hypothyroidism after
radioiodine treatment,"'°’> however, the extent of the
protective effect of antithyroid drugs remains uncertain.

About 10% of patients experience an acute subclinical
rise in concentrations of thyroid hormone after radio-
iodine treatment,” and about 0.3% experience exagger-
ated hyperthyroidism including thyroid storm. The
mortality from thyroid storm is about 25%, mainly
from cardiac and cerebrovascular events, and use of
adjunctive antithyroid drugs may prevent its
occurrence.'® Yet the frequency of thyroid storm and
the mortality associated with radioiodine treatment
with and without antithyroid drugs have not been sys-
tematically investigated. Our systematic review suggests
that adjunctive antithyroid drugs reduce biochemical
and clinical hyperthyroidism in the weeks after radio-
iodine treatment; however, this was not systematically
monitored in all trials. In accordance with these findings,
we found lower cardiac morbidity and mortality with
adjunctive antithyroid drugs, though this was not signifi-
cant and neither events were primary outcomes. Further-
more, the small number of events precludes firm
conclusions. Adverse events with antithyroid drugs
were reported, even though the overall prevalence of
2% was lower than expected," probably because pri-
mary trials excluded patients with known allergies.

There is an ongoing controversy about potential differ-
ences in the influence of propylthiouracil and imidazoles
on radioiodine treatment. Four studies have compared
these drugs so far. Two non-randomised studies found
greater effects with propylthiouracil than with
methimazole,'”'® but one randomised controlled trial*!
and one non-randomised study did not support these
findings." Our meta-analysis found no disparity; never-
theless, data from non-randomised studies suggest more
distinct and protracted effects with propylthiouracil than
with imidazoles (see fig A on bmj.com). According to the
non-randomised studies, methimazole or carbimazole
could be preferable to render euthyroidism when plan-
ning radioiodine therapy.

Pretreatment with antithyroid drugs potentially
decreases the uptake of iodine** In a sensitivity

analysis we found some evidence that dose regimens
that were adapted to uptake, rather than fixed dose regi-
mens, possibly compensate for this effect. Although the
effects of antithyroid drugs on the outcome of radio-
iodine treatment have been attributed to the decrease in
uptake of iodine, we found that antithyroid drugs can
influence the outcome when they are taken in the week
after radioiodine treatment. Therefore, their effect is
unlikely to be solely mediated by alteration of iodine
kinetics. Rather, the inhibition of the thyroid peroxidase
catalysed synthesis of oxygen free radicals,® which
mainly mediate cell damage in radioiodine treatment,
seems to be more likely. Our meta-analysis indicates
that antithyroid drugs reduce the effectiveness of radio-
iodine, and this could be over-ridden by increasing the
radioiodine dose.

Strengths and limitations of study

Despite more than six decades of empiric combination
treatment for hyperthyroidism, the quantity of evidence
is limited. We cannot rule out publication bias, though
we performed an extensive literature search, contacted
experts, and identified eligible trials published in several
languages as early as 1952. The reported methodological
quality of most included trials was low, and we could not
perform sensitivity analyses according to quality compo-
nents. The different discontinuation intervals, the inclu-
sion of patients with Graves’ disease and toxic nodular
goitre, the different criteria defining thyroid status, the
different doses of antithyroid drug and radioiodine, and
the use of adapted dose or fixed dose models were poten-
tial sources of heterogeneity. Nevertheless, the heteroge-
neity of all effects was generally low, and we performed
additional sensitivity analyses to study sources of the
remaining heterogeneity. Additionally, we found robust
treatment effects after we excluded the smallest trials
from the analyses. Yet, limited information on the size
of goitre at baseline and lack of specification of the degree
of iodine sufficiency in individual trials precluded a more
extensive sensitivity analysis. We also collected data
from non-randomised studies that support the results of
the randomised trials and indicate an effect of antithyroid
drugs on radioiodine treatment even after long term
withdrawal. As antithyroid drugs are widely used as
first line treatment and several patients in the control
arms in some studies had antithyroid drugs withdrawn
several weeks before radioiodine treatment, our risk esti-
mates for hypothyroidism and treatment failure might
even be underestimated.

This meta-analysis, in contrast with the conclusions of
most single trials, suggests that antithyroid drugs increase
rates of failure and reduce rates of hypothyroidism when
they are given in the week before or after radioiodine
treatment. Results from trials included into this review,
however, do not allow us to draw firm conclusions
regarding the optimal interruption period of antithyroid
drugs for patients undergoing radioiodine treatment to
avoid both relapse of hyperthyroidism and cardio-
vascular complications while keeping the long term risk
of hypothyroidism at an acceptable level. In some
patients long term monitoring for detection of
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hypothyroidism may not be guaranteed and therefore
withholding antithyroid drugs to allow for the early
development and substitution of hypothyroidism may
be considered an option. Adequately powered rando-
mised long term follow-up trials are needed to examine
apotential superiority of longer discontinuation intervals
of different antithyroid drugs to avoid relapse of
hyperthyroidism and to minimise the risk of hypothyr-
oidism. Quality of life during and after radioiodine treat-
ment under these different regimens and cardiovascular
morbidity and mortality should also be monitored.
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