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          Introduction 

 Complete eradication of metastatic thyroid carcinoma is 
diffi cult to achieve. This challenge is attributed to (1) the 
reduction in iodine uptake by thyroid cancer cells, (2) the 
relatively slow and unpredictable rate of progression, and (3) 
the generally high  quality of life (QOL)  , even in patients 
with widely metastatic disease. Furthermore, relatively few 
studies have identifi ed reliable predictors of the progression 
rate, the pattern of metastatic spread, or the sensitivity to  131 I 
therapy. Patients and their physicians often continue to 
administer large amounts of  131 I to lesions that appear iodine-
avid, even in the absence of previous tumor responses. A 
common rationalization for this approach is that tumor pro-
gression would have been worse if another dose of  131 I had 
not been administered. 

 To compound this dilemma, considerable evidence sug-
gests that thyrotropin (TSH) is a progression factor for meta-
static thyroid carcinoma. Therefore, the standard management 
approach employs constant suppression of this pituitary hor-
mone. Unfortunately, TSH is also the only known activator 
of the sodium-iodide symporter (NIS), which must be stimu-
lated to deliver the optimal amount of  131 I. For many years, 
it has been the standard of care to withdraw patients from 
thyroid hormone in order to elevate endogenous TSH 
production, allowing TSH stimulation and possible cancer 
cell proliferation for 6–8 weeks. In vitro and in vivo studies 

provide evidence for thyroid cancer growth under TSH 
stimulation, and clinical examples of tumor expansion and 
progression have been documented in this setting [ 1 – 3 ]. 

 Numerous clinicians have tried to attenuate the clinical 
symptoms of hypothyroidism by reducing the time of 
 thyroid hormone withdrawal (THW)   or by using triiodothy-
ronine (T3) for a few weeks to minimize the hypothyroid 
state. These strategies all rely on the assumption that maxi-
mum radioiodine uptake, by neoplastic thyroid cells, occurs 
when the serum TSH has risen above the 25–30-mU/mL 
range. There is remarkably little evidence that indicates this 
assumption is true, despite its widespread acceptance within 
the community of thyroid specialists. 

 The advent of clinical-grade  recombinant human TSH 
(rhTSH)   provided an opportunity to examine the possibility 
that short-term elevations in serum TSH (i.e., 3–4 days) 
might enable a comparable activation of the NIS [ 4 ] in 
thyroid cancer tissue, without the need for prolonged TSH 
stimulation, which might result in disease progression. 
rhTSH-assisted treatment is usually given with patients taking 
full therapeutic doses of thyroxine (T4) following a low- iodine 
diet. A reduced whole-body radiation load is an additional 
 theoretical advantage   of the rhTSH approach, considering 
the known reduced renal iodine clearance that exists in hypo-
thyroidism [ 5 ]. Finally, in our personal experience with 
thousands of thyroid cancer survivors, there is a reluctance to 
repeatedly withdraw from T4, because of its negative effect 
on their QOL [ 6 – 8 ]. Many patients simply choose to forgo 
the possible benefi t of radioiodine therapy simply because 
they want to avoid hypothyroidism. 

 Immediately after the preliminary results from the  phase 
II testing   of rhTSH were announced, clinicians began 
requesting access to rhTSH for “unusual” patients who could 
not produce TSH endogenously or who were too unstable to 
undergo THW. Through a compassionate need program 
supported by the Genzyme Corporation and sanctioned by 
federal agencies, rhTSH (Thyrogen®) was made available to 
physicians on a case-by-case basis in April 1995.  
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    Case Reports (Table  57.1 ) 

     The fi rst evidence that rhTSH could be used to stimulate  131 I 
uptake in metastatic lesions was presented at the annual 
meeting of the American Thyroid Association in November 
1996 [ 9 ]. All four patients in this preliminary report remained 
on TSH suppressive doses of T4 throughout testing and ther-
apy. Uptake of  131 I into metastatic lesions was demonstrated 
on post-therapy scans in all four patients. The initial pub-
lished report on rhTSH-assisted  131 I therapy of metastatic 
thyroid carcinoma was by Rudavsky and Freedman [ 10 ]. 
These physicians also showed that rhTSH could substitute 
for endogenously produced TSH and stimulate the uptake of 
 131 I into lung and bone metastases in one patient. Their 
patient received 515 mCi of  131 I 24 h after the second of two 
daily 0.9-mg injections of rhTSH. Within 2 weeks, the 
patient had a substantial reduction in bone pain related to his 
metastases. His serum thyroglobulin (Tg) level fell from 
7,800 ng/mL to 1,924 ng/mL over a 4-months interval. 
Subsequent to this report, many clinicians and investigators 
began to apply this approach to selected patients. Chiu et al. 
[ 1 ] administered 200 mCi of  131 I following two 0.9-mg doses 
of rhTSH to treat brain metastases in a patient with a tall-cell 
variant of papillary thyroid carcinoma and demonstrated 
uptake of the isotope into the lesions. 

 Adler et al. [ 2 ] reported that rhTSH could stimulate 
uptake of a therapeutic dose of  131 I into the brain, spine, and 
lung metastases. One patient had central TSH defi ciency. 
Improvement in the lung metastases was observed in one 
patient. Colleran and Burge [ 11 ] reported on the use of 
rhTSH for a patient whose TSH level did not elevate follow-
ing 7 weeks of THW, despite being clinically hypothyroid. 
Magnetic resonance imaging (MRI) of the pituitary revealed 
an empty sella. rhTSH was then used to stimulate  131 I uptake. 

Rotman-Pikielny et al. [ 12 ] used rhTSH to assist  131 I therapy 
in a patient with functioning hepatic metastases, which 
prevented an elevation of TSH after THW. A partial reduction 
in liver metastases was found 6 months after therapy. 

 Perros [ 3 ] reported on a patient with unstable angina who 
sustained a myocardial infarction following THW in prepa-
ration for radioiodine therapy for follicular thyroid carci-
noma. rhTSH was then used to prepare the patient for  131 I 
administration, without any adverse cardiovascular events, 
on two different occasions. Risse et al. and Masiukiewicz 
et al. [ 13 ,  14 ] both reported on the use of rhTSH to assist in 
 131 I therapy of patients with hypopituitarism from thyroid 
cancer involvement of the pituitary gland. Vargas et al. [ 15 ] 
also reviewed a patient with thyroid cancer involving the 
pituitary region. Unfortunately, in this case, rapid expansion 
of the lesion following rhTSH was associated with the onset 
of hemiplegia. After 4 days, the patient received 304 mCi of 
 131 I. A follow-up MRI scan 2 years later documented a reduc-
tion in the size of the pituitary mass. 

 Mazzaferri and Kloos [ 16 ] described a patient with papil-
lary thyroid cancer and end-stage renal failure who could not 
tolerate hypothyroidism. Following two doses of rhTSH, the 
patient was treated with  131 I, and the post-therapy scan 
revealed uptake in lung metastases that was not seen on chest 
X-ray. Robbins et al. [ 17 ] reported a patient with follicular 
thyroid cancer who developed rapid expansion of a previ-
ously undiagnosed brain metastasis associated with hemiple-
gia after two rhTSH injections. The patient demonstrated 
good uptake of  131 I in lung, bone, and central nervous system 
lesions. This patient was treated on two subsequent occa-
sions with the assistance of rhTSH and glucocorticoids and 
had no neurologic complications. Aslam and Daly [ 18 ] 
reported on a 62-year-old man treated with  radioactive iodine   
for widely metastatic papillary thyroid cancer that was 

   Table 57.1    Individual  case reports   of rhTSH as preparation for radioiodine therapy   

 Author  Metastatic sites  131i(mCi)  Side effects  Outcome 

 Rudavsky  Lung, bone  515  Vomiting  PR 

 Chiu  Brain  200  NA  NA 

 Adler  Brain, lung, bone  434–506  Bone pain  PR 

 Colleran  Neck  150  NA  NA 

 Perros  Neck  135, 141  None  PR 

 Risse  Pituitary  0  None  Not treated 

 Masiukiewicz  Pituitary  200  NA  NA 

 Vargas  Brain  304  Hemiplegia  PR 

 Mazzaferri  Lung  100–140  NA  PR 

 Robbins  Brain  154  Papilledema  PR 

 Rotman  Liver  65  Nausea  PR 

 Aslam  C-spine, neck, mediastinum  209  NA  NA 

 Serafi ni  Orbit  207  NA  NA 

 Goffman  Lung, neck  157  Vomiting, dyspnea  PR 

   PR  partial response,  NA  not available  

R.J. Robbins et al.
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enabled by rhTSH. Serafi ni et al. [ 19 ] reported on a woman 
with papillary thyroid cancer who was unable to tolerate 
hypothyroidism because of severe generalized malaise. On 
multiple occasions, she refused to be withdrawn from thy-
roid hormone, and rhTSH was used to prepare her for a ther-
apeutic dose of  131 I. The post-therapy scan revealed 
radioiodine uptake in the thyroid bed region and disclosed a 
new metastatic lesion in her left orbit. Finally, Goffman et al. 
[ 20 ] analyzed a patient with diffuse lung metastases who was 
considered too ill to undergo THW as preparation for  131 I 
treatment. After two rhTSH injections, she developed mod-
erate swelling of her neck lesions and dyspnea. She then 
received 157 mCi of  131 I; 2 days later, she developed severe 
respiratory failure, necessitating oxygen, steroids, and anti-
biotics. She gradually improved, and her serum Tg level 
declined. The sudden deterioration in pulmonary function 
was thought to be most likely the result of lesional edema, 
   partly owing to the direct effect of rhTSH. Although these 
reports describe a diverse set of patients and circumstances, 
they have established that following rhTSH:

    1.    Serum TSH is reliably elevated considerably higher than 
30 mIU/L.   

   2.    Uptake of radioiodine is routinely demonstrated on post- 
therapy scans.   

   3.    Although rhTSH is generally well-tolerated, large meta-
static lesions can rapidly swell, causing neurological, 
respiratory, or painful events.   

   4.    The vast majority of patients experience no symptoms of 
hypothyroidism.   

   5.    Evidence of partial response to radioiodine or stabiliza-
tion of disease is often realized.    

  However, individual case reports do not provide the full 
perspective of the possible risks and benefi ts of this approach 
that become evident in larger standardized trials.   

    Larger Series: Initial Results (Table  57.2 ) 

     From Wurzburg, Germany, Luster et al. [ 21 ] reported their 
observations in ten patients with advanced  metastatic   thyroid 
carcinoma who were treated with  131 I after rhTSH prepara-
tion, according to a standard protocol. Patients were offered 
this option because of the inability to produce suffi cient TSH 
or because of a medical contraindication to hypothyroidism. 
Each patient received two daily 0.9-mg rhTSH injections, 
and the therapeutic administration of  131 I was given on the 
third day. T4 therapy was continued throughout the proce-
dure. Those with brain or spinal cord metastases received 
high-dose steroids to prevent lesion edema. At follow-up (a 
mean of 4.3 months), three patients had died of progressive 
disease. Six of the eight surviving patients had evidence of 

partial responses, as indicated by reductions (at least 30 % 
lower than baseline) in serum Tg, and the other two were 
stable. No major adverse events occurred; however, head-
ache ( n  = 2), bone pain ( n  = 1), fever ( n  = 1), and rash ( n  = 1) 
were reported. The authors concluded that this approach was 
a reasonable alternative to THW in selected patients. 

 Mariani et al. [ 22 ] administered  131 I to eight thyroid can-
cer survivors after preparation with rhTSH, which was 
administered as two 0.9-mg injections per day, and the  131 I 
was administered on day 3. Post-therapy scans showed con-
siderable radioiodine uptake in residual disease in seven of 
the eight patients, but no long-term follow-up data was avail-
able to analyze its effi cacy. Lippi et al. from Pisa, Italy, [ 23 ] 
used rhTSH-assisted  131 I therapy for 12 patients who had dif-
ferentiated thyroid carcinoma and residual metastatic dis-
ease. They used two 0.9-mg injections of rhTSH for a 4-mCi 
diagnostic  whole-body scan (WBS)     , then two more injec-
tions of rhTSH within 1 week to prepare for  131 I therapy, 
which was given 24 h following the last rhTSH injection. 
Based on published data suggesting that blood clearance 
rates of iodine were 50 % slower in hypothyroid patients, 
they doubled their usual activity administered to compen-
sate. Serum TSH levels rose to over 100 mIU/L in all patients. 
The  post-therapy   WBS showed radioiodine uptake into met-
astatic lesions in all as well. Despite relatively advanced dis-
ease and previous high doses of  131 I, four of ten evaluable 
patients had a reduction in their serum Tg. Although this 
approach was well-tolerated, two patients had swelling and 
pain in bone lesions, similar to their past experience when 
withdrawn from T4. As in other reports, nausea and fever in 
low levels were also present. The authors concluded that 
rhTSH-assisted treatment of metastatic thyroid carcinoma 
was a safe method to administer  131 I, preventing the debilitat-
ing effects of hypothyroidism. Berg et al. [ 24 ] also investi-
gated the safety and effi cacy of rhTSH-treated  131 I in 11 frail 
thyroid cancer patients. Patients remained on T4 and were 
placed on a low-iodine diet for the 2 weeks prior to therapy. 
After two daily 0.9-mg injections of rhTSH, the patients 
each received approximately 108 mCi of  131 I. Of the 11 
patients, 8 were being treated for metastatic disease. Five of 
the eight patients showed partial response to the therapy, two 
showed no response, and one is under surveillance. The 
rhTSH was well tolerated, with the exception of two patients 
who developed lesional swelling, one with nausea and the 
other with bone pain. No serious adverse events occurred. 
The authors concluded that rhTSH-assisted  131 I was safe and 
feasible in frail elderly patients and that it offered a means to 
reasonable palliative therapy for those with widely meta-
static disease. 

 De Keizer et al. [ 25 ] applied this same strategy in 16 
patients who underwent 19 rhTSH-administered  131 I treat-
ments for metastatic disease. All patients had total 
 thyroidectomy  with radioiodine remnant ablation   and were 
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being treated for residual cancer. Patients were on a low-
iodine diet and received two daily 0.9-mg injections of 
rhTSH, then  131 I on day 3. The radiation to individual lesions 
was estimated by post-therapy scanning techniques. Tumor 
response was solely based on changes in serum Tg. In 11 
evaluable treatments, a partial Tg response occurred in 27 %, 
stable disease in 18 %, and progression of disease was seen 
in 55 %. None of those whose disease progressed received 
a lesion dose of more than 30 Gy. The treatments were 
well tolerated, with only one patient showing spinal cord 
compression that responded to corticosteroid administration. 
The authors thought that this approach was reasonable for 
those with advanced disease who were not good candidates 
for THW. 

 The largest report yet on this strategy is from Jarzab et al. 
[ 26 ]. They used rhTSH-assisted  131 I therapy in 54 patients 
who, with a few exceptions, had a total thyroidectomy and 
radioiodine remnant ablation. Only 31 of the patients had 
radioiodine-avid metastases. Those with nonfunctional 
metastases were given retinoic acid prior to the rhTSH to 
determine if they could reinduce radioiodine avidity. All 
patients received twice-daily 0.9-mg rhTSH injections, fol-
lowed by  131 I on day 3 (median, 100 mCi; range, 100–250 
mCi). They were not placed on low-iodine diets. The patients 
who qualifi ed for this trial had a large amount of residual 
cancer that was considered at risk for growth during a pro-
longed THW preparation. A total of 18 patients were consid-
ered to have insuffi cient endogenous TSH production. In 49 
patients, the serum TSH at the time of treatment was signifi -
cantly higher after rhTSH than in previous THW treatments 
(mean, 190 mIU/L vs 70 mIU/L). Bone pain occurred in 25 
% of those with known bone metastases. Tumor edema in the 
neck was seen in three patients, tachycardia in fi ve, and a 

rash occurred in two. Of 47 evaluable patients at 6-month 
follow-up, these investigators found 1 who had a complete 
response to  131 I treatment, 12 (26 %) had partial responses, 
19 (40 %) had stable disease, 15 (32 %) had progression of 
disease, and 5 patients died. Of the subset ( n  = 20) with non- 
radioiodine- avid disease following retinoids, 2 had partial 
responses, 11 had stable disease, and 7 had progression. In 
34 patients, there was a 46 % reduction in the median serum 
Tg; however, this did not have statistical signifi cance. There 
were 44 patients who had a previous THW-assisted  131 I ther-
apy, allowing outcomes to be compared between the two 
methods of preparation, where patients served as their own 
controls. The early outcomes were found to be identical in 52 
%, better after rhTSH in 32 %, and inferior following rhTSH 
in 16 %, compared to preparation by THW. The authors con-
cluded that rhTSH-administered  131 I therapy of metastatic 
thyroid cancer was safe and as equally effective as THW. 

 Robbins et al. [ 27 ] published a  retrospective experience   
of rhTSH-assisted RAI therapy in patients with metastatic 
thyroid cancer from the USA and Canada. All 115 of these 
patients were judged unable to produce TSH or were too 
medically unstable to be withdrawn from thyroid hormone. 
Formal evaluations were done every 3 months up to 1 year. 
At the 1-year time point, 73 % of the patients had decreased 
or undetectable serum Tg levels; overall cancer-related 
symptoms were judged to be improved in 24 % and stable in 
another 54 %. Only 2 of the 115 patients were felt to have 
suffered a serious adverse event related to rhTSH. Overall, 
many of these patients, who had no other means of receiving 
radioiodine therapy, benefi ted by the ability to use rhTSH as 
a preparation for radioiodine. 

 In aggregate, these larger series provide a clear sense that 
rhTSH preparation can stimulate radioiodine uptake in meta-

   Table 57.2    Reports of larger  series   of patients who received rhTSH-assisted therapy   

 Author  rhTSH schedule  131I administered  Side effects  Outcomes 

 Luster  0.9 mg IM 48 and 24 h prior  27–200 mCi  Headache, bone pain  PR: 5 

 POD: 5 

 Mariani  0.9 mg IM 48 and 24 h prior  NA  Mild nausea, malaise  NA 

 Lippi  0.9 mg IM four doses prior  100 MBq/kg  Bone pain, nausea, fever  PR: 4 

 Stable: 2 

 POD: 4 

 Berg  0.9 mg IM 48 and 24 h prior  108 mCi  Nausea, bone pain  PR: 5 

 NR: 2 

 De Keizer  0.9 mg IM 48 and 24 h prior  200 mCi  None  PR: 3 

 Stable: 2 

 POD: 6 

 Jarzab  0.9 mg IM 48 and 24 h prior  100–200 mCi  Bone pain, lesion edema,  CR: 1 

 Paresthesiae, rash  PR: 12 

 Stable: 19 

 POD: 15 

   CR  complete response,  PR  partial response;  stable  stable disease,  POD  progression of disease,  NR  no response,  IM  intramuscular  

R.J. Robbins et al.
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static lesions, that the approach is generally safe, that many 
patients actually benefi t from additional radioiodine treat-
ment, and that steroid pretreatment should be considered in 
any lesions of the bone, pleura, or the central nervous sys-
tem, to prevent sudden swelling. These reports also show 
that partial responses and/or disease stabilization is the most 
common short-term outcome.   

    Larger Series: Intermediate-Term Outcomes 

  Tala et al. [ 28 ] published  a   retrospective study on overall sur-
vival in a cohort of 175 thyroid cancer patients who were 
treated with high-dose radioiodine for lung and/or bone 
metastases. Radioiodine was administered following THW 
only in 35 patients; 82 patients had their initial radioiodine 
treatment following THW and all subsequent treatments fol-
lowing rhTSH preparation, while 58 of the patients received 
all of their radioiodine treatments following rhTSH prepara-
tion. rhTSH-prepared patients received an average of four 
injections of 0.9 mg rhTSH in the 2 weeks prior to a thera-
peutic dose of radioiodine. These patients also received the 
largest safe dose of  131 I based on formal dosimetry. After a 
median of 5.5 years of follow-up, there were no signifi cant 
differences in overall survival among the three groups. 
Overall 5-survival was in the 75–80 % range. Most recently, 
Klubo-Gwiezdzinska et al. [ 29 ] reported a retrospective 
study on 56 thyroid cancer survivors who had distant metas-
tases. Forty one patients received dosimetry-based amounts 
of radioiodine following THW and 15 following rhTSH 
preparation. Clinical features were comparable between the 
groups. After a mean of 72 months of follow-up, they found 
no differences between the two groups in rates of complete 
response, stable disease, or progression-free survival. Rates 
of adverse effects of the radioiodine were also similar 
between the two groups. They concluded that similar bene-
fi ts occurred regardless of the method of preparation for 
radioiodine treatment.   

    Summary 

 The international use of rhTSH to prepare thyroid cancer 
patients for high-dose  131 I therapy of metastatic disease is 
growing. Given the small number of patients who die each 
year of thyroid cancer, it is unlikely that any federal agen-
cies will support research analyzing the rhTSH preparation 
vs. THW preparation. Second, it is unlikely that any single 
center has suffi cient patients to answer the many questions 
that have been raised. Therefore, it is time for leaders in the 
fi eld to develop a set of guidelines regarding the appropri-
ate use of this approach and design multicentered trials to 
quantify the safety and effi cacy of rhTSH preparation in 

comparison to the traditional method of thyroid hormone 
withdrawal. 

 Issues that need to be carefully addressed include:

    1.    What are the optimum rhTSH doses and schedules for 
rhTSH-assisted  131 I therapy? Some studies utilize four 
0.9-mg injections just prior to therapy, whereas others use 
only two.   

   2.    Should strict low-iodine diets be routinely employed and 
should patients continue taking T4 immediately preced-
ing the administration of  131 I?   

   3.    Uniform criteria should be established to defi ne complete 
and partial responses, stability, and progression of dis-
ease. A consensus on this point among the leaders in the 
fi eld would be valuable, as research on this approach 
moves forward.   

   4.    It is clear that radioiodine clearance from blood and 
bodily tissues is not the same in the hypothyroid state 
when compared to the slightly hyperthyroid state. The 
differences between blood and lesional clearance should 
be more carefully defi ned so that investigators can agree 
whether to adjust the therapeutic administered activity of 
 131 I. The use of  124 I dosimetry with PET/CT scanning may 
enable the determination of the exact amount of radiation 
that can be delivered to a specifi c lesion.   

   5.    Additional studies examining longer monitoring periods 
(5–10 years) will be necessary before concluding that 
rhTSH preparation is comparable to thyroid hormone 
withdrawal as an adjunct to radioiodine therapy in patients 
with distant metastases.   

   6.    The incidence of adverse effects should be prospectively 
studied in a randomized controlled trial of rhTSH prepa-
ration vs. T4 withdrawal. The evidence that repeated epi-
sodes of prolonged serum TSH elevations may foster 
tumor progression is only referred to anecdotally in the 
literature.         
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