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Background: To effectively treat differentiated thyroid carcinoma (DTC) with radioiodine therapy (RAI), it is necessary to raise serum thyrotropin levels, either by thyroid hormone withdrawal (THW) or by administration of recombinant human TSH (rhTSH). The use of rh-TSH is controversial in DTC patients at intermediate to high risk of recurrence. Even more controversial is the question of whether is alters progression-free survival rates and overall survival in more aggressive patients.

Objective: The primary objective of this study was comparing clinical outcomes according to the method of preparation of RAI in intermediate to high DTC patients who presented progression of structural disease.

Methods: This retrospective study included 81 patients with initial intermediate to high DTC and progression of structural disease at the end of follow-up. In 21 patients, all RAI treatments were done with only rhTSH stimulation. In 11, RAI treatments were done either with thyroid hormone withdrawal (THW) or rhTSH. In 49 patients, all RAI treatments were done only THW.

Results: After a median follow-up time of 83 months, there were no statistical differences in the clinical outcomes (status of structural disease at the end of the follow-up, death rate, overall survival curve, and progression-free survival curve).

Conclusions: Preparation for RAI therapy using either rhTSH stimulation or THW was associated with no inferiority in the clinical outcomes in progressive DTC patients at higher risk of recurrence.
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INTRODUCTION

In general, differentiated thyroid carcinoma (DTC) presents an indolent course and excellent prognosis, with a 10-year survival rate that exceeds 90–95%. This overall survival rate decreases when distant metastasis is present. As described in the AJCC 8th edition, the mortality rate is 50% in stage IV patients over the first 5 years of follow-up (1, 2).

The management of patients with DTC at intermediate to high risk of recurrence consists of total thyroidectomy with or without lymph node dissection, followed by radioiodine therapy (RAI). RAI adjuvant therapy is routinely recommended after total thyroidectomy for intermediate to high DTC patients because it is associated with increased overall survival and disease-free survival (2).

Two methods of preparation for RAI can be used to achieve the goal TSH of >30 mIU/L. One method is endogenous hypothyroidism after thyroid hormone withdrawal (THW) for a period of 3–4 weeks, the other method is exogenous stimulation with the administration of recombinant human TSH (rhTSH). The use of rhTSH is related to a better quality of life in the short term because it avoids the symptoms of hypothyroidism resulting from THW (2, 3).

In intermediate to high DTC patients, rhTSH preparation for RAI adjuvant treatment is not routinely recommended, especially if distant metastases are known or suspected. According to the current American Thyroid Association (ATA) guidelines, more data from studies with long-term outcomes are needed before preparation with rhTSH can be recommended in this group of patients (2). However, this preparation can be considered in intermediate to high DTC patients with significant comorbidities, such as severe lung disease, congestive heart failure, coronary artery disease, psychiatric disorders, and others. In these situations, endogenous hypothyroidism resulting from THW may be poorly tolerated and lead to serious adverse events (2, 4). The use of rhTSH can also be considered in patients who do not have an increased TSH after TWH, such as in central hypothyroidism and those with a high tumor burden (2, 5).

In recent years, there has been an increase in retrospective studies suggesting that rhTSH-stimulated RAI therapy may be effective in treating ATA high-risk DTC patients and/or RAI avid distant metastasis (3, 4, 6–9), as well as in remnant ablation, in patients with primary T4 tumor (10). However, it is still questionable whether the radiation activity delivered to DTC metastases after rhTSH is lower compared to preparation by THW (11).

Furthermore, no randomized prospective trials have been performed evaluating the RAI preparation in these patients, and there are no data in the literature comparing the method of RAI preparation (rhTSH vs. endogenous hypothyroidism) in ATA high-risk DTC patients with structural disease progression. It is known that around 30–40% of patients with the structural disease may progress during follow-up (2), however, it is not yet studied if the preparation for RAI could impact this outcome.

The preparation of RAI with rhTSH has been performed at the Instituto Nacional de Cancer (INCA) in ATA high-risk DTC patients since 2010. In this institution, the preparation of RAI with rhTSH is not indicated only in patients with known distant metastasis to the spine, skull, central nervous system (CNS), in which the abrupt increase of TSH could cause spinal cord compression or damage to the CNS. In these patients, the RAI preparation is always performed by endogenous hypothyroidism, through THW.

Thus, the aim of this study is to retrospectively compare the clinical outcomes, according to the method of preparation of the RAI, in ATA intermediate to high-risk DTC patients, who presented progression of structural disease.



SUBJECTS AND METHODS


Subjects

The study was carried out at the Oncological Endocrinology Sector of INCA, through a retrospective analysis of medical records of patients with DTC at high risk of recurrence, with the progression of structural disease after RAI. To identify the patients, an active search was carried out in the historical records of the Nuclear Medicine and Endocrinology services of INCA, including patients who underwent RAI between 08/01/1997 and 06/05/2019. This study was approved by the local Research Ethics Committees.

A total of 81 patients were included in the study. Inclusion criteria were: age over 18 years, histologically confirmed diagnosis of DTC after total thyroidectomy or near-total thyroidectomy, clinical staging of ATA high risk of recurrence; at least one RAI activity at the INCA, minimum follow-up of 12 months and presence of progression of structural disease after RAI anytime during follow-up.

Regarding the method of RAI preparation, patients were divided into three groups. Group 1 was composed of patients who performed RAI with rhTSH only. Group 2 was composed of patients who performed more than 1 RAI, and whose preparation was sometimes with rhTSH and sometimes with THW. Group 3 was composed of patients who performed RAI and whose preparation was only endogenous hypothyroidism after THW for 3–4 weeks. All patients treated with RAI at our center were instructed in a low-iodine diet.



Variables Studied

As for the clinical characteristics of the patients, the variables studied were age at diagnosis, gender, the histological subtype of DTC, tumor size, and TNM staging, according to American Joint Committee on Cancer (AJCC) 8th edition (2018). The diagnosis of distant metastasis (DM) was classified as distant metastasis at the time of initial disease staging, distant metastasis identified during longitudinal follow-up, or no distant metastasis. The distribution of distant metastases (lung and/or bone) was also evaluated.

Regarding the presentation of distant metastasis, it was considered as initial distant metastasis if the presence of metastasis was found in imaging or histopathological exam before or at the time of diagnosis of DTC; evidence of RAI avid distant metastasis (DM) found on posttherapy whole-body scanning (RxWBS); or high stimulated thyroglobulin (Tg) observed in the first RAI, suggestive of distant metastasis and confirmed in the first imaging exam performed after RAI. Follow-up metastasis was considered when the patient had a normal imaging exam after the first RAI and the subsequent appearance of a metastatic lesion. The absence of distant metastasis was considered in those patients with no diagnosis of distant metastasis by functional examination (diagnostic RAI whole-body scanning, PET/CT, bone scintigraphy) or anatomical imaging (CT or MRI).

As for treatment, the following variables were evaluated: initial activity of the first RAI, posttherapy whole-body scanning (RxWBS) after the first RAI, RAI preparation, cumulative radioiodine activity, additional therapies. Additional therapies were those performed during follow-up, such as surgical intervention for patients with persistent/recurrent loco-regional disease, external radiotherapy, multikinase inhibitors (MKI), metastasectomy, and bisphosphonates (zolendronic acid).

And finally, variables were evaluated regarding clinical outcomes: dynamic risk stratification at the end of follow-up, according to the ATA guideline 2015; structural disease status at the end of follow-up, through the evaluation of the last Tg and antithyroglobulin and available imaging tests; progression-free survival; overall survival (at death); follow-up time; and death rate.

Due to the profile of the patients included in the study, none of them had an absence of disease at the end of follow-up. Regarding the status of the structural disease at the end of follow-up, stable disease was considered when there was no structural progression in the last year of follow-up, and disease progression when there was an increase or appearance of a new structural lesion in the last year of follow-up, as well as the need for additional therapy during this period or death.

Two different analyses were performed: Comparing the three proposed groups: THW only, rhTSH only, and a mixed group; and a second analysis comparing only patients prepared exclusively with one modality.



Statistical Methods

Median, with minimum and maximum, was used to express continuous variables. Percentages and frequencies were used for categorical variables. Categorical comparisons were analyzed using the chi-square test and continuous variables were compared using the median test and Kruskal–Wallis test. Kaplan Meier and log-rank were used for the overall survival and progression-free survival analyses. P < 0.05 were considered statistically significant. Analyses were performed using SPSS for Windows software (version 20.0; SPSS, Inc., Chicago, IL).




RESULTS


Clinicopathological Characteristics and Clinical Outcomes of the Entire Cohort

Eighty-one patients were included in the study. Clinical characteristics at the time of diagnosis and clinical outcomes at the end of follow-up are described in Tables 1, 2.


Table 1. Clinical characteristics of the entire cohort.
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Table 2. Clinical outcomes of the entire cohort.
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The median age was 63 years (range 24–83) and 61.7% were women. The most frequent histological subtype was papillary thyroid carcinoma (PTC), present in 36 patients (44.5%); followed by follicular thyroid carcinoma (CFT) in 18 patients (22.2%); papillary thyroid carcinoma, follicular variant (PTCFV) in 10 patients (12.3%); Hürthle cell carcinoma in six patients (7.4%); poorly differentiated carcinoma in six patients (7.4%); and PTC, other variants in five patients (6.2%).

The median tumor size was 4.7 cm (range 0.4–12), and the initial staging T4 was the most frequent, present in 24 patients (29.7%). In total 21 patients (25.9%) have been classified N1b lymph node metastasis and 12 patients (14.8%) N1a.

Regarding the diagnosis of distant metastasis, 81.5% were diagnosed metastasis at initial presentation, 9.9% distant metastasis during follow-up, 8.6% no distant metastasis, and were considered to have locally advanced cancer. The most common site of metastasis at initial presentation was lung, present in 45 patients (55.6%), followed by lung and bone in 11 (13.6%), and bone in 10 (12.3%).

The median activity of the first RAI was 200 mCi (range 100–300) and 29 patients (35.7%) had RAI avid distant metastasis (DM) found on posttherapy whole-body scanning (RxWBS). Regarding RAI preparation, 21 patients (25.9%) were in group 1, 11 patients (13.6%) were in group 2, and 49 patients (60.5%) were in group 3.

The median follow-up time was 83 months (range 13–281); 80 patients (98.8%) had an incomplete structural response at the end of follow-up and 1 patient had an indeterminate response. At the last evaluation, 70 patients (86.4%) had progressive structural disease or death and 11 patients (13.6%) had stable disease. Of the 81 patients, 42 (51.9%) died and 39 (48.1%) did not.



Clinicopathological Features, According to RAI Preparation

As described above, 21 patients (25.9%) were prepared for RAI only with rhTSH (group 1), 11 patients (13.6%) performed more than one RAI and were prepared sometimes with THW and sometimes with rh-TSH (group 2), and 49 patients (60.5%) performed RAI only after THW (group 3). Of the patients in group 2, 10 performed the first RAI after THW, and the others RAIs after rhTSH. Only one patient in group 2 had the first RAI after rhTSH, and the others RAIs after THW.

The clinical characteristics based on the method of preparation for RAI treatment are given in Table 3. When evaluating the clinical characteristics of the three groups according to age, sex, histology, tumor size, TNM staging, diagnosis and distribution of distant metastasis, activity, and RxWBS of the first RAI, there was no statistical difference according to the method of preparation for RAI.


Table 3. Clinicopathological features, according to RAI preparation three groups.
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The frequency of distant metastasis at initial presentation was 90.5% in group 1, 90.9% in group 2, and 75.5% in group 3. The most common site of metastasis at initial presentation in all 3 groups was the lung, present in 15 patients in group 1 (71.4%), 6 patients (54.5%) in group 2, and 24 patients (49%) in group 3.

The median activity of the first RAI was 150 mCi, 175 mCi, and 200 mCi in groups 1, 2, and 3, respectively. Regarding RAI cumulative administered activity, there was a statistical difference between the 3 groups (p 0.003), with the median in group 1 being 200 mCi (range 150–850), group 2 400 mCi (range 200–850), and group 3, 250 mCi (range 100–850). In group 2, all patients performed more than one RAI (100%), while only 23.8 and 42.8% performed more than one RAI in groups 1 and 3, respectively. When performing the paired comparison of the median accumulated radioiodine activity, there was no statistical difference between groups 1 and 3 (p 0.389) and 2 and 3 (p 0.062), but there was a statistical difference between groups 1 and 2 (p 0.002).

Additional therapies were performed in 17 patients in group 1 (81%), 10 patients in group 2 (90.9%), and 42 patients in group 3 (85.7%), and there was no statistical difference between the three groups (p 0.74).

Comparing THW only with rhTSH only, also no differences among the groups were seen (Table 4).


Table 4. Clinicopathological features and according to RAI preparation.
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Clinical Outcomes Based on Method of Preparation

The clinical outcomes at the end of follow-up based on the method of preparation for RAI treatment are given in Tables 5, 6. There was no statistical difference in progression-free survival, dynamic risk stratification, structural disease status, and death between the 3 groups. All 100% of patients in group 1, 100% of group 2, and 98% of group 3 had an incomplete structural response (p 0.71). At the last evaluation, 85.7% of patients in group 1, 100% of group 2, and 83.7% of group 3 had progressing structural disease (p 0.36). The frequency of deaths was 47.6% of group 1, 36.4% of group 2, and 57.1% of group 3 (p 0.41).


Table 5. Clinical outcomes, according to the RAI preparation.
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Table 6. Clinical outcomes, according to the RAI preparation.
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There was a statistical difference (p 0.014) among the groups when evaluating the median follow-up time: 61 months (range 19–149), 125 months (range 29–281), and 88 months (range 13–241) in groups 1, 2, and 3, respectively. When performing the paired comparison between groups of the median follow-up time, there was no statistical difference between groups 1 and 3 (p 0.08), and 2 and 3 (p 0.28), but there was a statistical difference between groups 1 and 2 (p 0.002).

The median progression-free survival after RAI1 from groups 1, 2, and 3 was 21 (range 7–68), 55 (range 23–225), and 38 (range 2–121) months, respectively. There was no statistical difference in median progression-free survival after RAI1 between the groups (p 0.10).

Overall survival time was evaluated in patients who died (42 patients). The median overall survival was 73 months (CI: 56.3–89.6), being 50 months in group 1 (CI: 25.2–74.7), 125 months in group 2 (CI: 31.9–218.1), and 68 months in group 3 (CI: 54.1–81.8). There was no statistical difference between the groups (p 0.06). The overall survival time curve in patients who died is shown in Figures 1A, 2A.


[image: Figure 1]
FIGURE 1. Outcomes according to RAI preparation (thyroid hormone withdrawal, TSH rh) and mixed. (A) Overall survival; (B) progression free survival.
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FIGURE 2. Outcomes according to RAI preparation (thyroid hormone withdrawal, TSH rh). (A) Overall survival; (B) progression free survival.


Progression-free survival after first RAI was evaluated in patients with progressing structural disease at the end of follow-up, and patients with stable disease were excluded. The median progression-free survival in these patients was 24 months (CI: 15.5–32.4) in group 1, 55 months in group 2 (CI: 37.7–72.2), and 40 months in group 3 (CI: 24.9–55). There was no statistical difference between the groups (p 0.6). The progression-free survival curve is shown in Figures 1B, 2B.

No adverse effect due to the use of TSHrh was reported nor major adverse effects due to THW.

Comparing groups 1 and 3, those with only one method of preparation, it was also possible to show no difference in outcomes (Table 6).




DISCUSSION

This study evaluating 81 patients with ATA high-risk DTC and structural disease progression shows non-inferiority in final clinical outcomes, according to the method of RAI preparation with rhTSH or endogenous hypothyroidism, in a population in which the use of rhTSH is still controversial. Even in these more aggressive patients that showed progression during follow-up, preparation for RAI did not interfere. Furthermore, using rhTSH with some caution, no adverse effect was reported.

In our study, there was a statistical difference in the accumulated radioiodine activity between the 3 groups, with group 2 showing the highest accumulated RAI activity, probably because all patients in this group performed more than one RAI. In the study by Tala et al. (6), which also showed no significant difference in outcomes attributed to the difference in preparation for RAI, the accumulated radioiodine activity was also higher in patients who underwent RAI after preparation with THW followed by rhTSH, when compared to the group who underwent preparation with THW only or rhTSH only (median 967 vs. 522 vs. 408 mCi, respectively, p 0.038). The author similarly justifies this fact due to the higher number of radioiodine treatments in the mixed group.

Regarding additional therapies, our study showed no statistical difference between the groups according to RAI preparation. Likewise, Klubo-Gwiezdzinska et al. (4) showed that the frequency of additional treatments, including other modalities applied, such as external beam radiation therapy, surgical excision of metastatic lesions, and treatment of patients with bone metastasis with zolendronic acid was similar between the groups that prepared with rhTSH vs. THW.

As described in the AJCC 8th edition (1), the mortality rate is 50% in stage IV patients over the first 5 years of follow-up. In our study, most patients were above 55 years old and already had distant metastasis at diagnosis. The death rate was high, similar to that described by the AJCC, and there was no statistical difference between the groups according to the RAI preparation. As expected by initial risk stratification, the persistence of structural disease at the end of follow-up also showed high rates, and most patients were classified as having an incomplete structural response and once again, these were not modified by different preparations for RAI.

In our study, the median progression-free survival was 21 months for the group prepared after rhTSH and 38 months in the group whose preparation was THW, and there was no statistical difference between the groups. In the study by Hugo et al. (4), the mean progression-free survival was 20 months in the group prepared after rhTSH and 24 months in the group after THW, and there was also no statistical difference between the groups. The progression-free survival in patients prepared after rhTSH in our study was similar to the study of Klubo-Gwiezdzinska et al. (6), although our cohort only presented ATA high-risk DTC patients with structural disease progression.

As with any retrospective study, there are some limitations that must be considered. First and foremost is the potential for a selection bias that may occur when prioritizing RAI after THW, instead of rhTSH, in patients with higher risk disease or metastasis to noble areas. However, this bias also occurs in other retrospective studies, and in our study, we observed no statistical difference in clinicopathological features between patients prepared with rhTSH and THW. Prospective, randomized studies would be necessary to address this potential bias.

In conclusion, in this retrospective study clinical outcomes were similar in the progressive high-risk DTC patients prepared for RAI after rhTSH only, or THW only, or different preparations. Thus, we did not observe inferiority in clinical outcomes according to RAI preparation in our cohort.
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Size (cm)

Median (range) 4.4(1-12) 45(1.1-11) 099
T [n (%))

T 5(23.8%) 6 (12.2%) 072

P 4(19%) 9(18.4%)

3 3(14.3%) 14 (28.6%)

T4 8(38.1%) 14 (28.6%)

> 1(4.8%) 6 (12.2%)

N (%)

0 1(4.8%) 3(6.1%) 0.49

Nia 3(14.3%) 8 (16:3%)

Nib 9(42.8%) 12(24.5%)

Nx 8(38.1%) 26 (53.1%)

Discovery of distant metastasis [ (%))

At inital presentation 19 (90.5%) 37 (15.5%) 0.18

During follow up 2(9.5%) 5(10.2%)

No distant metastasis 0 7 (14.3%)

Distribution of distant metastasis [ (%)]

MO/Mx 2(9.5%) 12 (24.5%) 024

Lung 16 (71.4%) 24 (49%)

Bone 1(4.8%) 7(14.3%)

Lung and bone 3(14.3%) 6(12.2%)

Activity of the first RAI (mCi)

Median (range) 150 (150-800) 200 (100-300)  0.79
RXWBS of the first RAI [n (%))

No uptake 0 1(2%) 052

Anterior cervical 7(33.3%) 24 (49%)

Lateral cervical 5(23.8%) 10 (20.4%)

Distant disease 9 (42.9%) 14(28.6%)

Unknown o 0
RAI cumulative administered activity (mCi)

Median (range) 200 (150-850) 250 (100-850)  0.21
Additional therapies [n (%)) 17 (81%) 42 (85.7%) 0.62
PET [0 (%))

No FDG uptake 1(4.8%) 2(4.1%) 072

FDG uptake 17 (80.9%) 43 (87.7%)

Unrealized 3(14.3%) 4(8.2%)

PTC, papilary thyroid cancer; FTC, follicular thyroid cancer; FVPTC, folicular variant
papillary thyroid cancer; RAI, radioactive iodine; RXWBS, post-therapy whole body scan.
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Age (year)

Median (range) 63 (24-83)
Gender [n (%)

Female 50 (61.7%)

Male 31(38.3%)
Histology [n (%)]

PTC 36 (44.5%)

FTC 18 (22.2%)

PTCFV 10 (12.3%)

PTC, other variants 5(6.2%)

Hirthle cell Ca 6(7.4%)

Poorly differentiated carcinoma 6(7.4%)
Size (cm)

Median (range) 4.7 (0.4-12)
T (%)

T 13 (16%)

i 13 (16%)

3 19 (23.5%)

T4 24(20.7%)

T 12 (14.8%)
Nn (%)

o 4.(4.9%)

Nia 12 (14.8%)

Nib 21 (25.9%)

Nx 44 (54.4%)
Discovery of distant metastasis [ (%)]

Atinitial presentation 66 (81.5%)

During follow up 8(9.9%)

No distant metastasis 7 (86%)
Distribution of distant metastasis [ (%))

MO/Mx 15 (18.5%)

Lung 45 (55.6%)

Bone 10 (12.3%)

Lung and bone 11(13.6%)
Activity of the first RAI (mCi)

Median (range) 200 (100-300)
RXWBS after first RAI [ (%)]

Anterior cervical 34 (42%)

Lateral cervical 16 (19.8%)

Distant disease 29 (385.7%)

Unknown 2(2.5%)
Preparation for RAI treatment(s) [n (%))

Group 1 21 (259%)

Group 2 11 (13.6%)

Group 3 49 (60.5%)
RAI cumulative administered activity (mCi)

Median (range) 250 (100-850)
Additional therapies [n (%)) 69 (85.29%)
PET [0 (%))

No FDG uptake 6(7.4%)

FDG uptake 68 (84%)

Unrealized 7 8.6%)

PTG, papillery thyroid carcinoma; FTC, follcular thyroid carcinoma; PTCFV, papillary
thyroid carcinoma, follcular variant; PTC, other variants: papillary thyroid carcinoma,
other variants; Hrthie cell Ca, Hirthle cell carcinoma; poorly differentiated Ca, poorly
dierentiated carcinoma. T1, tumor < 2.0cm; T2, tumor > 2 and < 4.0; T3, tumor >
4.0cm resticted to thyroid or tumor of any size with extra-thyroid extension involving
only musculature; T4, tumor of any size with gross extra-thyroid extension; Tx, absence
of tumor size date; Nia, lymph node metastasis to central compartment; N1b, lymph
node metastasis to lateral compartment; Ny, unassessed lymph node metastasis; MO/Myx,
absence of distant metastasis or unassessed distant metastasis. RAI, radioiodine therapy;
RXWBS, posttherapy whole-body scanning; RAI 1, frst racioiodine therapy; PET, positron
emission tomography; Group 1, RAI preperation after recombinant TSH (only); Group 2,
RAI performed atter recombinant TSH or thyroid hormone withcrewel at different times;
Group 3, RAl preparation after thyroid hormone withdrawal (only).
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