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Could radioiodine have been a nonsurgical alternative? 

Wullf & Morgenthaler 2008 

When given the option, 3 out of 4 Danish patients choose radioiodine 

”Where do I complain?” 



Effect of L-T4 in benign solitary nontoxic thyroid nodules 

•  6 studies (n=346) 

•  Single benign thyroid  
  nodule  

•  Follow-up ≥ 6 months 

•  TSH suppressed 

•  Volume by US 

Castro et al., JCEM 2002;87:4154-59 
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Multinodular nontoxic goiter: radioiodine versus L-T4 
Effect on goiter size 



Neutron bombardment of natural tellurium results in 
the production of 131I 

The thyrocyte 





Use of 131I therapy in thyroid diseases 

•  Hyperthyroidism (Graves’ / nodular goiter) 

•  Nontoxic goiter (<100 ml) 

•  Thyroid cancer (high dose) 



n=2677 

Use of 131I therapy in DK for benign thyroid diseases 

Cerqueira et al. EJE 2010 



Radioiodine - Contraindications 

Absolute 
•  Pregnancy 
•  Breast-feeding 
 
Relative 
•  Poor uptake in ’target tissue’ 
•  Active/severe Graves´ orbitopathy 
•  Very large goiter 
•  Young age 



Radioiodine – dose algorithms 

1.  Fixed dose (activity), often around 600 MBq (16mCi) 
2.  Semi-fixed dose (according to thyr.volume) 
3.  Corrected for 24h. 131I-uptake and thyr.volume 
4.  Corrected for 24h. 131I-uptake, t½, and thyr.volume 



Radioiodine – dose algorithms 

1.  Fixed dose (activity), often around 600 MBq (16mCi) 
2.  Semi-fixed dose (according to thyr.volume) 
3.  Corrected for 24h. 131I-uptake and thyr.volume 
4.  Corrected for 24h. 131I-uptake, t½, and thyr.volume 

Cost increases in the same order 



Radioiodine - Advantages 

•  Easy, mostly outpatient, and cheap 
•  ~40-50% goiter reduction within one year 

•  Improvement of inspiration 

•  Considerable patient satisfaction  
•  Few short-term side-effects 

•  Effective in case of co-existing hyperthyroidism 
•  May be repeated 

•  Does not hinder/complicate subsequent thyroid surgery 

•  No/insignificant risk of 131I-induced cancer? 



Radioiodine - Disadvantages/shortcomings 

•  No effect in ‘cold nodules’/low iodine uptake 

•  Adherence with radiation regulations (isolation) 

•  Risk of hypothyroidism (10-80%)  

•  Transient side-effects (pain, thyroid swelling, thyrotoxicosis) 

•  Slow effect (weeks/months) 

•  Decreasing efficacy with increasing thyroid size 
•  Pregnancy prohibited first 4 months after therapy 

•  Risk of de novo or worsening of Graves’ orbitopathy 

•  Life-long followup of thyroid function (TSH) 
•  No histological diagnosis 



Radioiodine or surgery in nontoxic goiter? 

? ? 

No randomized studies! 



Nygaard B et al: BMJ 1993 

Radioiodine in nontoxic nodular goiter 
Goitre volume reduction  
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Bonnema et al. JCEM 1999 

Effect attenuates with increasing goiter size 



 Multidodular goiter with massive low-uptake lesions 



Enhancers of thyroid 131I uptake 

•  Low-iodine diet   
•  Stable iodine and lithium 

•  Diuretics 

•  Recombinant human thyrotropin (rhTSH) 

•  Other compounds (retinoic acid, glitazones,…) 



rhTSH 

RhTSH stimulates the thyroid cell 



Thyroid 131I uptake (RAIU) is increased by rhTSH 

Placebo	
  

NS	
  

P<0.0001	
  

RhTSH	
  

Impact on 24h RAIU 

Gain	
  
111%	
  

Fast et al., J Nucl Med 2009. 



Effect of rhTSH: dependency on initial 24h RAIU 
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Fast et al., J Nucl Med 2009. 



Strategies	
  in	
  rhTSH	
  augmented	
  131I	
  therapy	
  

↑	
  RAIU 

Unadjusted 
131I activity 

Superiority 
strategy 

Increased 
effect = Increased 

thyroid dose 

Reduced 
131I activity 

Equality 
strategy 

Maintained 
effect = Maintained 

thyroid dose 



Author 
(year) n Dose of rhTSH 

(mg) Design Goiter size 
estimation 

131I activity or 
intended dose Goiter reduction 

Studies with an equality approach 
Nieuwlaat et al. 
(2003) 

12 
10 

0.01 
0.03 

Observational 
non-controlled MRI 100 Gy 35% at 1 year 

41% at 1 year 
Fast et al. (2010) 60 

30 
0.1 

placebo 
Randomized  

double-blinded US or MRI 50 Gy 
100 Gy 

35% at 1 year 
35% at 1 year 

Ceccarelli et al. 
(2011) 

11 
7 

0.03 
controls 

Observational 
matched controls CT-scan 100 Gy 47% at 1 year 

35% at 1 year 
Studies with a superiority approach 

Duick et al. (2003)  6 
10 

0.3 
0.9 

Observational 
non-controlled Palpation Fixed 1110 MBq 30-40% at 7 months 

30-40% at 7 months 
Albino et al. (2005)  18 2 x 0.1 do CT-scan Fixed 1110 MBq 39% at 6 months 
Cohen et al. (2006) 17 0.03 do CT-scan Fixed 1110 MBq 34% at 6 months 
Paz-Filho et al. 
(2007) 17 0.1 do CT-scan Fixed 1110 MBq 46 & 53% at 1 & 2 years 
Romão et al. 
(2009) 42 0.1 do CT-scan Fixed 1110 MBq From 153 mL to 32mL 

at 3 years 
Giusti et al. (2006) 12 

8 
2 x 0.2 
controls 

Observational 
matched controls CT-scan Fixed  

370-555 MBq 
44% at 20 months 
25% at 22 months 

Giusti et al. (2009) 19 
21 

2 x 0.1 
controls do US-scan Restricted to 

 600 MBq 
60% at 3 years 
44% at 3 years 

Cubas et al. (2009) 
9 
9 

10 
0.1 

0.005 
placebo 

Observational 
placebo-controlled CT-scan Fixed 1110 MBq 

33 & 37% at 1 & 2 year 
33 & 39% at 1 & 2 year 
13 & 15% at 1 & 2 year 

Silva et al.  
(2003) 

17 
17 

0.45 
placebo 

Randomized  
not blinded CT-scan Fixed arbitrary 

levels 
58 & 73% at 1 & 4 years 
40 & 57% at 1 & 4 years 

Nielsen et al. 
(2006) 

28 
29 

0.3 
placebo 

Randomized  
double-blinded US-scan Above 100 Gy 

100 Gy 
62% at 1 year 
46% at 1 year 

Bonnema et al. 
(2007) 

14 
15 

0.3 
placebo 

Randomized  
double-blinded MRI Above 100 Gy 

100 Gy 
53% at 1 year 
34% at 1 year 

Albino et al. (2010) 
8 
6 
8 

0.1 
0.01 

placebo 
Randomized  

double-blinded MRI Fixed 1110 MBq 
37% at 1 year 
37% at 1 year 
19% at 1 year 

Studies on rhTSH-stimulated 131I-therapy of benign multinodular goiter 



Study design – initial phase 

131I-therapy 

0.3 mg rhTSH 

0h 24h 96h 24h 96h 

Placebo 

131I-tracer 

0h 

24h 96h 24h 96h 0h 0h 

Randomization 

-24h 

-24h 

Bonnema et al, JCEM 2007 

Intended thyroid dose: 100 Gy 



RCT 2002-2005: augmented goiter volume reduction at one year by 
rhTSH-stimulated 131I therapy 
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Acute adverse events 

rhTSH  
(n=14) 

No 
rhTSH 
(n=15) 

P-
value 

Hyperthyroid symptoms 4 5 0.55 
Cervical pain within the first 
week 6 1 0.08 
Cervical pain after one week 4 2 0.55 
Sensation of a tense thyroid 
gland 5 0 0.04 
Oesophagitis 3 0 0.20 
Induction of Graves’ disease 0 0 - 
Other adverse events 4 0 0.09 
Total number of adverse 
effects 26 8 0.02 
Prednisolone 2 0 - 
Hospitalization 1 0 - 
No adverse effects 2 7 0.20 

Bonnema et al, JCEM 2007 
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Inspiration: 
upper airway 

obstruction (goiter) 

Tracheal compression affects inspiration, not expiration 



Goiter volume – one week after 131I 
Deviation (%) from baseline 
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Hypothyroidism at one year 
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Nielsen et al., Arch Intern Med 2006 



Patient satisfaction - Visual Analogue Scale 
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Dilemma with rhTSH-stimulated 131-I therapy 

•  Increased goiter reduction at one year 

    versus 

•  More acute adverse effects 
•  Higher risk of hypothyroidism 
•  No improvement in patient satisfaction 



Dilemma with rhTSH-stimulated 131-I therapy 

•  Increased goiter reduction at one year 

    versus 

•  More acute adverse effects 
•  Higher risk of hypothyroidism 
•  No improvement in patient satisfaction 

Is it then worthwhile? 
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(n=33) (n=39) 

56.2% 

69.7% 

43.2% 

59.2% 

Fast et al., JCEM 2012 

(71 months) 



rhTSH+131I (n=42) 
Placebo+131I (n=44) 

rhTSH-stimulated 131I therapy - long term results 
Need for additional therapy 

*	
  Each	
  Mck	
  (│)	
  denotes	
  a	
  censored	
  paMent.	
  
Fast et al., JCEM 2012 



P	
  =	
  0.57	
  

P	
  =	
  0.81	
  

Thyroid volume (%) 

Goiter reduction following the equality approach 
Identical effect in the rhTSH and the placebo group 

One-year reduction: 35% 
- and with a 70% less than usual 
amount of 131I when rhTSH stimulated 

Fast et al, JCEM, 2010 



RhTSH-stimulated 131I therapy: 

•  Improves the goiter reduction, also with long term follow-up 

•  Especially effective when low thyroid 131I uptake and/or large goiter 

•  Benefits the upper airways 

•  More adverse events, to some extent dose dependent 

•  Two different approaches: 

–  Superiority approach (gain in goiter reduction)  

–  Equality approach (reduced radiation, recurrence & hospitalization) 

•  Hindrance for wide-spread use: off-label treatment 

Key points – Nontoxic nodular goiter 


