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ABSTRACT

Objective: At the present, recombinant TSH cannot be used for the treatment of metastatic 

differentiated thyroid cancer patients. Aim of this study was to evaluate if the type of TSH 

stimulation, recombinant or endogenous, had an impact on the outcome of these patients.

Design and methods: We compared the outcome of two propensity score-matched groups of 

metastatic patients, stimulated by either only recombinant TSH (n=43) or only endogenous 

TSH (n=34). 

Results: As expected from the matching procedure, the clinical-pathological features and the 

cumulative 131I-activities administered of the two groups were very similar. After 4 years of 

follow-up 4% of patients were cured, 3% had biochemical disease and 93% had structural 

disease. However, 91% of patients obtained a clinical benefit from this therapy in terms of 

stabilization of the disease or complete remission or partial response.  When considering the 

two groups separately we did not find any difference in their outcome.  When considering the 

response to 131-I therapy of the single type of metastases, 8% of lymph node metastases and 

8% of lung metastases disappeared but none of bone metastases. The response to 131-I 

therapy of the single type of metastases was similar when we looked at the two groups 

separately. 

Conclusions: this study shows a) an overall clinical benefit of the 131-I therapy since the 

majority of patients remained affected but with a stable disease b) the preparation with either 

recombinant or endogenous TSH has no impact on the 131-I therapy efficacy and the outcome 

of our two groups of patients.
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INTRODUCTION

The initial therapy of metastatic well differentiated thyroid cancer (DTC) typically consists 

of total thyroidectomy, followed by radioiodine (131-I) initial treatment, either for ablation 

or as adjuvant therapy, and subsequent 131-I radiometabolic treatments in the presence of 

persistent or recurrent disease(1). The rational basis for the use of 131-I in the diagnosis and 

therapy of DTC metastases is the ability of follicular cells of well differentiated primary and 

metastatic tumors to concentrate iodine. To stimulate the uptake of 131-I by cancer cells, an 

increase in serum TSH levels is needed and this, nowadays, can be obtained either by 

withdrawing levo-thyroxine (LT4) therapy, with the consequent increase of endogenous 

TSH, or by administrating recombinant human TSH (rhTSH), an exogenous molecule 

obtained by recombinant DNA technology(2–5). The withdrawal of LT-4 therapy induces 

hypothyroidism that determines consistent negative effects on patients’ quality of life (QofL) 

and social costs(6–9). Numerous studies already demonstrated rhTSH to be a valid alternative 

to the LT-4 therapy withdrawal in DTC follow-up and treatment (10–14). Moreover, rhTSH 

does not induce adverse reactions and antibodies production and allows to preserve 

euthyroidism and the patient’s QofL(15). In DTC patients who already underwent 

thyroidectomy the use of rhTSH is approved for both remnant ablation and follow-up(16). 

For the radiometabolic treatment of distant metastases rhTSH can be used only when 

hypothyroidism could severely harm the patient or in case the endogenous TSH cannot arise 

for other pathologic reasons (16,17). So far, several retrospective studies have shown that 

rhTSH is as effective as endogenous TSH in the radiometabolic treatment of metastatic DTC. 

The majority of these studies have the limit to compare hybrid groups of patients treated with 

131-I sometimes after LT-4 withdrawal and sometimes after rhTSH (11,18–20). Aim of the 

present study was to compare two groups of metastatic DTC patients treated with 131-I and 

prepared either by LT-4 withdrawal or rhTSH at each treatment.
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PATIENTS AND METHODS 

Methods 

The study is based on data from 203 medical records of patients with DTC, papillary and 

follicular histotypes, treated with total thyroidectomy, 131-I remnant ablation and high 

activities of 131-I for metastatic lesions. Data came from either paper-based clinical records 

or two digital databases used at the Department of Endocrinology and Metabolism of Pisa 

University, Italy. An extensive work of information analysis was conducted in this 

multivariate population to identify two distinct groups of patients differing in the method of 

131-I uptake stimulation for the radiometabolic treatment of metastases: “HYPO group” 

stimulated by endogenous TSH after LT-4 withdrawal and “rhTSH group” stimulated with 

rhTSH. Among the 203 patients, 43 were selected because prepared with rhTSH; the 34 

patients included in the HYPO group were selected in the remaining 160 patients by matching 

for age, sex, staging, American Thyroid Association (ATA) class of risk at the time of 

surgery.

All patients selected in this preliminary screening had at least one positive post-therapeutic 

WBS for either lymph node or distant metastases. Moreover, patients belonging to one group 

were consistently stimulated either by endogenous TSH (HYPO group) or by rhTSH (rhTSH 

group) whenever subjected to 131-I radiometabolic treatments for metastases. 

The overall therapeutic response (outcome) at the end of the follow-up was expressed 

according to the definition of response to treatment defined by the ATA guidelines(16): i) 

structural persistence of disease (SD); ii) biochemical persistence of disease (BD); iii) clinical 

remission of disease (CR). To verify the response of the type of metastases, according to the 

site, in rhTSH and HYPO groups we considered the different metastases of the same patient 

Page 4 of 23Accepted Manuscript published as EJE-20-0088.R2. Accepted for publication: 20-Jul-2020

Copyright © 2019 European Society of EndocrinologyDownloaded from Bioscientifica.com at 07/22/2020 07:52:14AM
via Niehs, National Institute of Health and MULTI-NIH



 

separately at the last follow up. The total number of metastases was 98, 47/98 (48%) in the 

lymph nodes, 39/98 (39%) in the lung and 12/98 (13%) in the bone.

All patients signed an informed consent for the use of data for research and the study was 

approved by the local ethical committee named CEAVNO (Comitato Etico Area Vasta Nord 

Ovest) of the Azienda Ospedaliero-Universitaria Pisana.

 
Selected study groups

Seventy-seven out of 203 registered clinical cases fulfilled the inclusion criteria described 

above. All patients underwent total thyroidectomy performed by the team of surgeons of the 

Endocrine surgery section of Pisa University in the years between 2001 and 2016. All of them 

were submitted to an initial 131-I treatment, either for remnant ablation or as adjuvant 

therapy, and up to three high activity treatments. Patients underwent clinical monitoring 

between 2003 and 2017 for an average follow-up of 46 months. After surgery, all patients 

underwent L-T4 therapy at a suppressive dose in order to maintain TSH values <0.5 mIU / 

L. The 131-I activity administered at first treatment for each patient was based on the risk of 

relapse (30 mCi vs 100 mCi) while for the following treatments we administered a fixed 

empiric activity of 131-I, according to the site of metastases: 3700 MBq for lymph node 

metastases, 4810-5550 MBq for lung metastases and 6660-7400 MBq for bone metastases 

The diagnosis of metastatic disease had been made at the time of cancer diagnosis or at the 

first post 131-I WBS in 45 of 77 patients (58%). The remaining 32 patients (42%) developed 

clinically evident metastatic disease during follow-up.

Follow-up

Patients were followed with periodic clinical evaluations every 6-12 months, including 

dosage of serum thyroglobulin (Tg), using a high sensitive chemiluminescent assay, 

(Beckman Coulter, Fullerton, CA, USA), Tg autoantibodies (TgAb), measured by a 
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Fluorescence Enzyme Immuno Assay (AIAPack 2000; Tosoh Corporation, Tokyo, Japan), 

thyroid hormones free fractions and TSH, dosed by Vitros Immunodiagnostics, (Raritan, NJ) 

and Immulite 2000 (Siemens Healthcare, Gwynedd, UK), respectively. Neck ultrasound was 

performed using a real time instrument (Esaote SPA, My Lab 50 machine with 7.5-12 MHz 

linear transducer). In case of suspected lymph node metastases, a fine needle aspiration was 

performed for cytological diagnosis and Tg measurement in the washing liquid of the needle. 

In the presence of a persistent or recurrent disease, patients underwent further radiometabolic 

treatments with 131-I or other therapies (i.e. surgery, external radiotherapy, other). However, 

to the purpose of this study, the cases treated with other therapies were excluded to avoid any 

bias.

Metastatic patients were also submitted to computerized tomography (CT) scan and the 

progression or remission of the disease was calculated according to the response evaluation 

criteria in solid tumors (RECIST) 1.1(21).

Statistical analysis

Statistical analysis was performed by using IBM SPSS Statistics software. Continuous 

variables were expressed as mean + standard deviation (x + SD) and the categorical variables 

(nominal and ordinal) presented as a percentage.

The continuous variables analyzed were age, 131-I ablation activity, expressed in mCi, and 

duration of follow-up. The categorical variables analyzed were: gender, age at diagnosis, 

lymphadenectomy concomitant with thyroid surgical exeresis, extension of 

lymphadenectomy, histology (differentiating PTC from FTC and aggressive from non-

aggressive DTC variants), American Joint Committee on Cancer stage, post-ablation ATA 

class, mean total activity of administered 131-I and outcome at the end of follow-up. 
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Student's t test and Pearson's χ2 test were used for the analysis of continuous variables and 

categorical variables, respectively. Sensitivity analyses were conducted by fitting 

multinomial logistic regression models including propensity scores obtained via binary 

logistic analysis including clinical variables at baseline as independent variables. A p <0.05 

was considered as significant.

RESULTS

The seventy-seven patients were distinguished into two groups: the HYPO group consisting 

of 34 patients (M: 16; F: 18) and the rhTSH group consisting of 43 patients (M: 21; F: 22).

As shown in Table 1 and, as expected on the basis of the selection method, there were no 

differences in sex distribution, mean age at diagnosis, extension of initial surgery, histology, 

aggressive variants, stage according to TNM 8° edition(22) and ATA risk stratification(16). 

The only difference was the greater prevalence of cases with bone metastases in the rhTSH 

group (Table 2), even if there were no differences at propensity score analysis.

As shown in Table 3, at the end of follow-up patients of the two groups were treated with the 

same mean cumulative amount of 131-I activity and the duration of follow up was 

comparable. During follow up we found 32/77 patients (42%) with only lymph node 

metastases (19/43 [44%] in the rhTSH group and 13/34 [38%] in the HYPO group); 18/77 

patients (23%) with lung metastases (9/43 [21%] in the rhTSH group and 9/34 [27%] in the 

HYPO group); 15/77 patients (19%) with lung and  lymph node metastases (5/43 [12%] in 

the rhTSH group and 10/34 [29%] in the HYPO group); 5/77 patients (7%) had bone 

metastases (4/43 [9%] in the rhTSH group and 1/34 [3%] in the HYPO group); we also had 

1/77 patients (1%) with both bone and lymph node metastases, included in the HYPO group 

(1/34 [3%]), and 6/77 patients (8%) with both lung and bone metastases and all are included 

in rhTSH group (6/43 [14%]). The statistical analysis did not show any statistically significant 
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difference even if patients with both lung and bone metastases were all included in the rhTSH 

group and patients with bone metastases were more prevalent in rhTSH group than HYPO 

group (10/43 [23%] vs 2/34 [6%]).

When we looked at the outcome of the patients at the end of follow-up (mean 46 months) 

(Fig.1, panel A), as first result we found that only 4% of overall patients were cured, 3% had 

a biochemical disease and 93% had a persistent structural disease. Moreover, we observed 

that the distribution of clinical remission, biochemical disease and structural disease cases 

was similar in both rhTSH group and HYPO group of patients (Fig.1, panel B). As shown in 

Table 4, when we looked at the site of metastases at the end of follow-up, we found that the 

distribution was similar in the HYPO group and in the rhTSH group. 

When considering the response to 131-I therapy of the single type of metastases (i.e. no longer 

detectable at any imaging), 8% of lymph node metastases and 8% of lung metastases 

responded (R) but none of bone metastases (NR). The response to 131-I therapy was similar 

when considering the single site of metastases (i.e. lymph nodes, lung and bone) in the two 

groups of DTC patients (Fig.2).

When we evaluated the response to RAI treatment according to RECIST(21) we found that, 

at the end of follow up,  64/77 (83%) patients showed a stable disease (SD), 5/77 (6.5%) had 

a complete remission of the structural disease (CR), 1/77 (1.5%) had a partial response (PR) 

and 7/77 (9.0%) had a progressive disease (PD). Overall, 91% of patients obtained a clinical 

benefit from this therapy in terms of stabilization of the disease or complete remission or 

partial response. When we did this analysis in the two groups separately we found that in the 

rhTSH group 35/43 (82%) patients showed a SD, 1/43 (2%) had a CR of the structural 

disease, 1/43 (2%) had a PR and 6/43 (14%) had a PD while in the HYPO group 29/34 (85%) 

patients showed a SD, 4/34 (12%) had a CR, none had a PR and 1/34 (3%) had a PD. The 

statistical analysis did not show any significant difference (p= 0.1) although a greater 
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percentage of CR and a lower percentage of PD was observed in the HYPO group. It is worth 

to note that the CR patients had sub-centimetric lung lesions (3/5 [60%]) or lymph node 

metastases (2/5 [40%]). At variance, the patients with PD had bone metastases in 3/7 cases 

(44%), both lung and bone metastases in 1 case (14%), lung metastases in 2/7 cases (28%) 

and lymph node metastases in 1 case (14%). Focusing on PD in the two groups separately, 

we found no significant difference, also after propensity score analysis (data not shown).

DISCUSSION 

Radioiodine therapy is the gold standard therapy for metastatic DTC and 131-I treatments 

can be repeated until the evidence of either clinical remission or clinical benefit(1)⁠. To 

maximise the therapeutic effect of 131-I a TSH stimulation of the metastatic cells is required 

to increase their ability to take up 131-I. So far, the use of rhTSH has been approved for both 

diagnostic purposes (i.e. Tg stimulation) and thyroid remnant ablation but not for the 

treatment of metastatic diseases. One of the reasons of the lack of approval of rhTSH for the 

treatment of metastatic disease is the absence of a prospective and randomised study showing 

the non-inferiority of the two techniques. Several retrospective studies are available but most 

of them are criticised not only for the retrospective nature but also because the same patient 

was treated sometimes with rhTSH and sometimes with hypothyroidism (19,20).

Although also our study is retrospective, we made an extensive selection to find patients that 

were prepared only with rhTSH or only with LT-4 withdrawal during their follow-up. 

Moreover, we matched the patients for their epidemiological and clinical features to have two 

comparable groups of patients as we could expect to have if they were randomised at the time 

of the first 131-I treatment. The comparison of these two groups of patients showed that their 

outcome was similar after a median follow-up of about 4 years. The distribution of metastases 

was also similar between the two groups at the last follow-up even if bone metastases were 
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more prevalent in rhTSH group. This difference reflects the initial unequal and fortuitously 

distribution of metastases that represents a limitation of this study not easy to be overcome 

even by an initial randomisation since many of these lesions were detected after the first 131-I 

treatment. Nevertheless, our study clearly showed that the two types of preparation have no 

impact on the response to 131-I according to the site of lesions. 

Some authors are against the use of rhTSH for the treatment of metastatic lesions because of 

a lower retention time of 131-I in the tumoral cells(23). So far, nobody has demonstrated that 

a greater 131-I retention time improves the response to 131-I and the outcome. In our opinion, 

the fact that there was no difference in the outcome of our patients is indirectly a prove of the 

fact that the 131-I retention time in the metastatic lesions should not influence the 

effectiveness of the 131-I therapy.

Finally, we found that only a minority of metastatic patients were in clinical remission while 

the bigger majority still showed a structural disease after several treatments with 131-I. This 

is in line with other studies showing that only 1/3 of metastases are definitively cured with 

131-I(24), questioning the real curative role of 131-I in metastatic DTC patients.  Anyway, 

our results about the response to RAI treatment according to RECIST(21) allowed us to 

appreciate the clinical benefit of 131-I therapy (91% of patients) either in slowing down the 

disease progression or determining its stabilization. We are conscious that our study has a 

few limits: 1) the low number of patients; 2) the retrospective nature of the study; 3) the 

absence of randomization; 4) the greater number of bone metastases in the rhTSH group. It 

is known that metastatic DTC, especially those with distant metastases, are rare (<5-10%): 

we collected 203 patients out of about 4000 cases followed in our institution in the frame 

time of the selection (15 years). Moreover, the number of cases prepared with rhTSH at any 

treatment for “compassionate use” was even smaller. On average, only <1% of cases treated 

in our Hospital in one year are prepared with rhTSH as “compassionate use” and this is in 
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line with the number of cases that we found (n=43). Of course, we could not further reduce 

this number by reducing the number of cases with bone lesions. At the same time, we did not 

find an equivalent number of cases with bone lesions and prepared with LT-4 withdrawal at 

any treatment. Thus, by matching the cases, we obtained to avoid statistical differences 

although it is evident that, in general, a greater prevalence of advanced cases was present in 

the rhTSH group (i.e., higher prevalence of advanced stages, higher prevalence of high risk 

cases, higher prevalence of bone lesions). 

The retrospective nature of the study is an unsurmountable limit since a prospective study is 

impossible if not performed as multicentric and international study whose costs would be 

very high and difficult to be sustained by academic institutions. Nevertheless, the higher 

prevalence of advanced cases in the rhTSH group should negatively weigh on the results of 

the study while the study, despite these limitations, demonstrates a similar outcome of 

patients independently from the type of preparation.    

In conclusion, our study shows a) an overall clinical benefit of the 131-I therapy since the 

majority of patients remained affected but with a stable disease b) that the preparation with 

either rhTSH or hypothyrodism has no impact on the efficacy of 131-I therapy. Moreover, 

we showed that there was no difference in the outcome of our patients, and also in the 

response to 131-I treatment according to the site of metastatic lesions. Since hypothyroidism 

can affect the QofL of these patients, which is really compromised by the disease itself, our 

results indicate that rhTSH should be preferred anytime the clinicians and the patients would 

prefer.
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FIGURES LEGEND

Figure 1: Panel A: Outcome at last follow-up of overall patients (rhTSH and HYPO)

Panel B: Outcome at last follow-up of patients distinguished in the two groups (rhTSH vs 

HYPO)

Figure 2: Response to 131-I therapy according to metastases’ site distribution

TABLES LEGEND

Table 1: Epidemiological, clinical and pathological characteristics of the enrolled patients

Table 2: Sites of metastases at the first WBS detection in the two groups of patients (rhTSH vs HYPO)

Table 3: Therapeutic and follow-up characteristics of the enrolled patients

Table 4: Sites of metastases at the last WBS detection in the two groups of patients (rhTSH vs HYPO)
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Table 1: Epidemiological, clinical, and pathological characteristics of the enrolled patients

Parameters Study group 
(n=77)

rhTSH group 
(n=43)

HYPO group 
(n=34)

P

Female gender (n, %) 40 (52%) 22 (51%) 18 (53%) N.S.
Age (years); mean ± S.D. 45±19 48±20 41±17 N.S.

Minimum 12
Maximum 80

Total Thyroidectomy (n, %) 77 (100%) 43 (100%) 34 (100%) N.S.
Lymphnode dissection (n, %) 37 (48%) 21 (49%) 16 (47%) N.S.

CC 5 (14%) 4 (19%) 1 (6%)
CC+LC 25 (67%) 15 (71%) 10 (63%)
LC 7 (19%) 2 (10%) 5 (31%)

Histology (n, %) N.S.
PTC 64 (83%) 35 (91%) 29 (85%)
FTC 13 (17%) 8 (9%) 5 (15%)

Aggressive variants (n, %) 15 (20%) 7 (16%) 8 (24%) N.S.
AJCC stage (n, %) N.S.

I-II 37 (48%) 18 (42%) 19 (56%)
III-IV 40 (52%) 25 (58%) 15 (44%)

ATA risk stratification post RAI (n, %) N.S.
High 36 (47%) 23 (54%) 13 (38%)
Intermediate 34 (44%) 19 (44%) 15 (44%)
Low 7 (9%) 1 (2%) 6 (18%)

CC, Central Compartment; LC, Latero-Cervical Compartment; PTC, Papillary Thyroid Cancer; FTC, Follicular Thyroid 
Cancer; AJCC, American Joint Committee on Cancer; ATA, American Thyroid Association; RAI, Radioiodine therapy
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Table 2: Sites of metastases at the first WBS detection in the two groups of patients (rhTSH vs HYPO)

Study group (n=77) rhTSH group (n=43) HYPO group (n=34) p

Lymph node metastases (n, %) 18/77 (23%) 12/18 (66%) 6/18 (34%) N.S.

Lung metastases (n, %) 26/77 (34%) 17/26 (65%) 9/26 (35%) N.S.

Bone metastases (n, %) 11/77 (14%) 10/11 (90%) 1/11 (10%) N.S.
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Table 3: Therapeutic and follow-up characteristics of the enrolled patients

Parameters Study group 
(n=77)

rhTSH group 
(n=43)

HYPO group 
(n=34)

P

Cumulative 131-I activity (MBq); mean±S.D. 14800 ± 4773 14097 ± 5106 15725 ± 4255 N.S.
Follow-up (months) N.S.

Mean ± S.D. 46 ± 39 45 ± 46 48 ± 27
Minimum 10
Maximum 262
Median 37 26.5 39
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Table 4: Sites of metastases at the last WBS detection in the two groups of patients (rhTSH vs HYPO). Data 

are presented as n (%).

Study group 
(n=77)

rhTSH group 
(n=43)

HYPO group 
(n=34)

P

Lymph node metastases 44/77 (57%) 22/44 (50%) 22/44 (50%) N.S.

Lung metastases 36/77 (47%) 20/36 (56%) 10/36 (44%) N.S.

Bone metastases 12/77 (16%) 10/12 (83%) 2/12 (17%) N.S.
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