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ABSTRACT

Radioiodine therapy (RIT) is a complementary treatment to total thyroidectomy in differentiated thyroid cancer
(DTC) patients. High levels of thyroid-stimulating hormone (TSH) are usually required in clinical practice to
increase RIT efficacy. Suspension of levothyroxine hormone for weeks is usually necessary, greatly impacting
patients' quality of life. Patients with DTC of low or intermediate-risk were divided into two groups - one where
levothyroxine was suspended for 4-5 weeks and a TSH > 30 mUI/L was required for radioiodine administration
(group 1), and another where levothyroxine was suspended for two weeks only (group 2). The RIT efficacy was
compared between the groups. The absorbed dose in the cervical region after 24 hours was also calculated and
correlated with TSH. The quality of life was also accessed with the EORTC questionnaire. Thirty-one patients
were included in this study (14 in group 1 and 17 in group 2), with a mean age of 45.7 = 10.6 years and 29
(93.5%) females. The mean TSH level for group 1 was 67.0 £+ 35.6 UI/ml, and for group 2 was 31.3 £+ 29.4 UI/ml.
After six months, the successful RIT frequency was 66.6% for group 1 and 73.3% for group 2. Patients from
group 2 showed better quality of life. TSH level > 30 mUI/L is not critical for the success of RIT in patients with
low or intermediate risk DTC. A two-week suspension of thyroid hormone appears to meet similar RIT needs,
providing a better quality of life.
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1. INTRODUCTION

In patients with differentiated thyroid cancer (DTC), radioiodine therapy (RIT) has been a
complementary treatment to total thyroidectomy (TT) for over 70 years. [1] According to its
objective, RIT is classified as ablative or therapeutic. Ablative when the intention is to eliminate
thyroid remnants to increase the diagnostic accuracy of serum thyroglobulin levels in the disease
follow-up. Therapeutic RIT aims to treat residual or metastatic disease.[2]

Thyroid follicular cells have a high expression of the Na+/I-symporter (NIS) transporter, which
is responsible for the efficient accumulation of intracellular iodine and allows RIT to be used
routinely for ablation of thyroid remnants.[3] On the other hand, DTC cells have a lower expression
of NIS and, thus, lower radioiodine uptake.[4] It is also known that stimulating thyroid-stimulating
hormone (TSH) increases NIS expression and radioiodine uptake.[5]

An uncontrolled study from the 1970s suggests that TSH levels > 30 mIU/L are associated with
increased radioiodine uptake in the DTC.[6] Therefore, an increase in serum TSH levels is required
to ensure greater effectiveness of RIT. Although no controlled studies define optimal TSH levels for
this purpose, worldwide recommendations stipulate TSH levels > 30 mIU/L when administered
radioiodine.[2]

Levothyroxine (LT4) withdrawal for 4-5 weeks before RIT is usually recommended to reach such
TSH level, leading to acute and marked endogenous hypothyroidism.[2] Another option is the
exogenous administration of recombinant human TSH (thTSH), avoiding the suspension of LT4 and,
thus, the symptoms of hypothyroidism. According to some studies, this last alternative has good cost-
effectiveness [7-9], but it is rarely used in the public health system of underdeveloped countries.

This study aimed to evaluate the influence of serum TSH value on therapeutic success and
quality of life after ablative RIT. It is known that this acute and accentuated hypothyroidism leads
to more significant physical and emotional morbidity and, consequently, worsening of the quality of
life.[10,11] In addition, some deleterious effects can last for weeks to months after RIT, so further

studies are essential to clarify whether these TSH levels are essential to ensure the success of RIT.
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2. MATERIALS AND METHODS

2.1. Study type:

A prospective before-and-after study was carried out from January 2017 to May 2018 in the
nuclear medicine service of a public and university hospital in northeast Brazil. The local Ethics

Committee approved it, and all patients signed an informed consent form.

2.2. Inclusion and Exclusion criteria:

Patients with DTC submitted to TT and referred to RIT were invited to participate in this
study.

Inclusion criteria: patients over 18 years of age with DTC, classified as low or
intermediate risk according to the ATA 2015 consensus[2], referred to RIT with activities of
1.11 GBq (30 mCi) to 3.70 GBq (100 mCi).

Exclusion criteria: patients referred for therapeutic RIT according to clinical, laboratory
and pathological criteria[2]; with activities greater than 3.70 GBq (100 mCi); positive serum
anti-thyroglobulin antibodies (AATg); previous RIT; pregnant women; or no desire to

participate in the study.

2.3. Allocation of patients:

Two hundred forty-seven patients were evaluated for eligibility and 59 met the inclusion
criteria. Of these, 31 accepted to participate and were allocated into two groups (Figure 1): 14 in
group 1 (LT4 suspension for four to five weeks to obtain a serum TSH > 30 mUI/L and only
received RIT when this level was reached) and 17 in group 2 (suspended LT4 for two weeks,
receiving RIT regardless of serum TSH levels measured on the day of treatment.).

The allocation process was based on simple randomization, where participants were divided
into two distinct groups. Through a random selection, they drew lots to define the group they
would stay in. Patients who chose even numbers were classified in Group 1. Patients who chose

odd numbers were grouped in Group 2.
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Figure 1: Enrollment and follow-up.

51 patients (inclusion
criteria)

28did not accept to
participate

Group 2 (2 weeks
hormone suspension
only): 17 patients

Group 1 (conventional
care): 14 patients

Complete dataforall Complete dataforall
patients on RIT day patients on RIT day
and one month and one month
follow-up | follow-up
Lost of follow-up Lost of follow-up
(n=2) (n=2)

t Complete data forall L Complete data forall
consultations (n=12) consultations (n=15)
for Group 1 for Group 2

2.4. Therapeutic efficacy evaluation:

Therapeutic efficacy evaluation was performed based on the following data: serum levels of
Thyroglobulin (Tg) and AATg; whole-body scan (WBS) after six months; and cervical
ultrasound (USG) with lymph node mapping performed between three and six months after
treatment. These results were compared between both groups and correlated with TSH levels.

Ablation was considered successful if WBS was negative, USG without atypical lymph
nodes, and stimulated Tg < 1 ng/mL without positive AATg.

2.5. Cervical region dosimetry:

The absorbed dose in thyroid remnants 2, 24 and 96 hours after ablative RIT was also
determined (in each of these times), and both groups' 24 hours dosimetry values were compared
with serum TSH levels and radioiodine activities administered.

A neck phantom model 3108 (Searle Radiographics Ind.) was used. This simulator consists

of an acrylic cylinder with a diameter and height of 15 cm, and it has a small opening of 3 cm in
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diameter at 1 cm from the external wall (distance approximately equal to the average depth of
the gland in the patient's neck). Neck phantoms allow considering the effects of geometry,
attenuation and scattering at the time of acquisition, so these are treated as ideally the same for
the images obtained for all patients. Acquisitions were performed using the phantom with the
same target activities of this study, 1.11 GBq (30 mCi) and 3.7 GBq (100 mCi), respectively.
These activities were placed in a 10 mL syringe and later inserted into the phantom and,
regardless of the activity used, all acquisitions followed the same parameters used in the images
of the patients.

For each activity investigated, corresponding images were obtained and, in their processing,
their respective counting rates were determined using an ROI. The phantom count rate was then
determined using the same acquisition protocol used for patient acquisition. The rate obtained
was divided by the acquisition time and the manipulated activity. Performing this operation
allowed the determination of a calibration factor.

For dosimetry determination, images were obtained in a single-detector gamma camera
(model STARCAM 3200, General Electric, California, USA), with an all-purpose high-energy
collimator, 364 keV photopeak, and 20% energy window. A 5-minute acquisition was performed
after 24 hours of RIT[12], with a 128 x 128 acquisition matrix. The distance between the patient
and the collimator was 10 cm, and the acquired images were processed using the XELERIS 3
software (General Electric, California, USA). Notably, gamma camera-based dosimetry
calculations showed similar results compared to probe-based dosimetry calculations [13].

For the calculation of the absorbed dose, a region of interest (ROI) was drawn in the area of
higher radioiodine concentration in the anterior cervical region and another ROI of the same
size near the area, taking care not to include any pixels belonging to the thyroid tissue,
corresponding to the background radiation (BG). The data collected in each ROI were: total,
mean, minimum, maximum, and standard deviation counts.

For dosimetric calculations, an adaptation of the maximum voxel method was performed.
[12] Due to the non-availability of the CT component of the SPECT/CT to define thyroid
remnants volume [14], an estimate of the sample volume was performed from the images
obtained in the scintillation chamber, the sum of all volume elements (voxel) that were within

the region of interest (ROI) determined by the percentage of subtraction and manually selected
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by the user on each reconstructed transaxial slice. Thus, the sum of the volumes of all transaxial
slices corresponds to the image's total volume, which, consequently, corresponds to the volume
of the source object. This allowed obtaining Av, which is the volume of thyroid tissue debris
divided by the mean thyroid density, p_t, whose value is 1.05 g/cm3.

Subsequently, the apparent volume in the region, v_(a,s), was calculated, thus including the
values obtained from the average count, C_m, as described in Figure 2A.

To determine the remaining absorbed dose, D, the ratio between the soft tissue density
(p_tec=1.04 gem3) and the mean thyroid density (p_tir=1.05 g/cm3) was considered, such that
p_tecp tir=0.99. This relationship compensated for differences between soft tissue and thyroid
density. Therefore, D was determined through the equation described in Figure 2B.

The S t is the ratio that considers the variation in thyroid volume [15], obtained according

to the equation described in Figure 2C.

Figure 2: Equations used for absorbed cervical dose calculation. A - apparent volume in the
region. B - remaining absorbed dose. C - ratio that considers the variation in thyroid volume. Av
- the volume of thyroid tissue debris. p_t - mean thyroid density. v_(a,s) - apparent volume in

the region. C_m- average count. D - remaining absorbed dose.
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2.6. Laboratory tests:

Patients undergoing RIT collected the following blood tests: TSH, Tg, AATg, and free T4,
on the day of radioiodine administration, under preparation according to the allocated group,
three and six months after treatment. All examinations were performed in the same laboratory,
using the chemiluminescence technique in Architect equipment (Abbot, Illinois, USA). In
month three, all patients were on LT4 replacement, and in month six, on LT4 suspension for 4

to 5 weeks, due to concomitant performance of control PCI under endogenous hypothyroidism.
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2.7. Post-dose and six months control WBS:

Whole-body scan images (WBS) were obtained in the same gamma-camera used to
calculate the absorbed dose in the anterior cervical region, according to the protocol below:
e High Energy General Purpose Collimator;
e 20% energy window centered on the radioisotope photopeak (364 keV);
e Whole-body images in anterior and posterior views, with an acquisition matrix of
512 x 512 and a speed of 10 cm/min;
e 5 minutes anterior cervical static image and 128x128 matrix;
e Patient to collimator distance of approximately 10 cm.
The images were analyzed by a nuclear physician, masked to the patient's group, who
classified the exam as follows: absence of iodine-concentrating tissue in the anterior cervical
region and at a distance (negative WBS) or presence of cervical remaining iodine-concentrating

tissue and/or distant disease (positive WBS).

2.8. Cervical ultrasound

USG was performed aiming to verify the existence of suspicious cervical lymph nodes that
could indicate persistence or recurrence in the period of 3 to 6 months after RIT.
The following protocol was used: patient positioned in dorsal decubitus, with the neck

hyperextended and equipment adjusted for thyroid analysis with a high-frequency linear transducer.

2.9. Quality of life assessment

Quality of life (QoL) was assessed by applying the validated Portuguese version of the
European Organization for Research and Treatment of Cancer Quality of Life Questionnaire
Core-30 (EORTC QLQ-C30, version 3)[16] in five moments: in the initial consultation, on the
day of radioiodine administration and one, three and six months later (this one, before the LT4
suspension). Scores were compared between groups in different application times.

This instrument consists of 30 items. Responses are given on a 4-point Likert scale (ranging
from 1-patient has no difficulty to 4-patient has great difficulty), except for items that assess the
patient's perception of their overall health and QoL (29 and 30 items), which use a 7-point

Likert scale (ranging from 1-poor to 7-excellent). As you can see above, for the first 28 items of
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the questionnaire, the lower the score obtained, the better the assessment, while for the last two
items (global health and QoL), the higher the score, the better the assessment.

After this, the global health status, functional scales, symptoms scales and summary score
were calculated according to the EORTC manual. [17] High scores at global health status,
functional scales and summary score are correlated with better QoL; while high scores at

symptoms scales are correlated with worse QoL.

2.10. Statistical analysis

Categorical variables were compared between groups with chi-square test. Continuous
variables were described as mean with standard deviation (SD) when it showed a normal
distribution (according to D'Agostino-Pearson test for Normal distribution) or as median with
interquartile range (IR). When the groups were compared, t-test were used when these variables
had a normal distribution and the Mann-Whitney test when not.

Spearman rank (rho) was used to analyze the correlation between the absorbed dose in the
thyroid remnants at 24 hours and TSH levels.

The MedCalc program (MedCalc Software Ltd, Ostend, Belgium; https://www.medcalc.org;

2021) was used and the significance level considered was 0.05.

3. RESULTS AND DISCUSSION

3.1. Population characterization

The 31 patients' mean age was 45.6 £ 12.7 years, and 29 (93.5%) were female. Regarding the
histological type, 25 (80.6%) patients had papillary-type DTC, and 6 had follicular-type DTC, with
27 (87.1%) locally classified as T1 or T1b and four as T2 or T3a (all patients were Nx or NO and
MO in the post-surgical staging).

In group 1, ten patients received activity of 1.11 GBq (30mCi) and four patients of 3.7 GBq
(100mCi). In group 2, two patients received activity of 1.11 GBq (30mCi) and fifteen of 3.7 GBq
(100mCi). The mean TSH level on RIT day was 67.0 = 35.6 IU/mL in group 1 and 31.3 + 294
[U/mL in group 2 (p=0.002). Only four patients (23%) had TSH levels above 30 IU/mL in group 2.
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More details about population characterization can be seen in Table 1 and Table 2.

Table 1: population characterization
Variables Group 1 Group 2 p-value
Age (mean =

Standard Deviation) 53.0+13.2 39.5+£8.6 p <0.01
Histologic type (%)
Papillary 10 (71.4%) 15 (88.2%) p=0.70
Follicular 4 (28.6%) 2 (11.8%) p=0.15
Tumor Staging
Tlaand T1b 12 (85.7%) 15 (88.2%) p=0.96
T2 and T3a 2 (14.3%) 2 (11.8%) p=0.86
Lymphatic Staging
Nx e NO 14 (100%) 17 (100%) p=1.00

Legend: Population main characteristics. Age was compared between with t-test and the other
variables with chi-square test.

Table 2: TSH and Thyroglobulin at RIT day, three and six months later

Group 1 Group 2 D-
(median) (median) value
RIT day 46.65-27'35.8) (1% 14.41?'23.5?& 0.01p )
(Tnsll}tIJ/L) 3 months 0.8-19'.35 (1% 0.6-(;'.?) (I 056
6 months 31.05-25().5) (1% 46.95-(5){10.4) (I 03
RIT day 0.4-12'.12) (1% —4.(7)')7 (1R: 0.2 0.55 )
ulinT(g;gka))b 3 months 0.2-?'.31) (% 0.1-%%) P
6 months 0.2-?'.2) (1% 0.2-%) (I o.4f ]

Legend: RIT — radioiodine day administration.
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3.2. Dosimetry, TSH levels and radioiodine activity administered

For patients who received activity of 1.11 GBq, the absorbed dose was 46.8 + 0.37Gy in group
1 versus 47.2 = 0.07Gy in group 2 (p=0.21). For patients who received 3.7 GBq, the absorbed dose
was 334.7 £ 4.1 Gy and 332.7 + 6.4 Gy, in groups 1 and 2, respectively (p=0.56). Supplementary
Table 1 shows the individual TSH levels and absorbed doses splited by groups.

Spearman rank correlation test did not show a correlation between TSH levels and absorbed

dose at 24 hours in both groups (Figure 3A and 3B).

Figure 3: Correlation graphs between absorbed dose and TSH levels according to administered
radioiodine activity. A: 1.11 GBq patients — spearman rank correlation (rho) = -0.335 (p= 0.28). B:
3.7 GB1 patients — sperman ran correlation(rho) = 0.01 (p=0.96).
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1.11 GBq patients 3.7 GBq patients

3.3. Ablation success

After six months post-treatment, two patients from each group did not show up for the control
exams. Then, from the 27 analyzed patients, 19 had stimulated Tg levels in the desired range
(Z1ng/mL), as well as a negative WBS and normal USG (treatment success rate of 70.3%). Of these
19 patients, 8 were in group 1 and 11 were in group 2, with an ablation success rate of 66.6% and
73.3%, respectively (p = 0.87).

Of the eight patients without an effective RIT, four were in group 1 (2 of them with Tg levels
above 10 ng/mL, despite negative PCI, and 2 with Tg levels slightly above 1 ng/ml, indicating
incomplete biochemical response). In group 2, two patients also had Tg levels greater than 10

ng/mL, and two had an incomplete biochemical response.
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3.4. Quality of life

The summary score from QoL questionnaires applied on the initial consultation and six months later
did not show statistical difference between groups. However, summary scores on radioiodine
administration day, one month, and three months later were higher for group 2 (FIGURE 4A to 4E). In
addition, it was observed a faster return of QoL scores to the baseline values for group 2 than in group 1.

When we compared groups according to functional scales and symptoms at radioiodine day
administration, one month and three months later (Supplementary Tables 2 to 4); we noted that
cognitive functioning, emotional functioning, fatigue, pain, physical functioning and social

functioning were worse on group 1. Furthermore, role functioning was worse on group 1 on one

month and three months consultations.

Figure 4: Quality of life summary score Box-and-Whisker graphs between groups on different
times. A- on initial consultation (basal quality of life — before hormonal suspension). B- on
radioiodine day administration (RIT). C- one month later RIT. D- three months later RIT. E- six
months later RIT.

A B C D E

Group 1 Graup 2 Group 1 Group 2 Group 1 Graup 2 Group 1 Group 2 Group 1 Group 2

p=098 p=001 p=0.01 p=0.02 p=094

3.5. Discussion

This study evaluated the influence of serum TSH value on therapeutic success and quality of life
after ablative RIT. Contrary to established dogma, there was no significant influence of the TSH values
obtained on the day of treatment with the radiation dose absorbed in the cervical region and the success
of ablation. In patients with DTC with low to intermediate risk, it appears that a TSH level > 30 mU/L is

unnecessary to obtain a good radioiodine response. High TSH levels are usually associated with
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hypothyroidism symptoms and can reduce the quality of life, which was also demonstrated in this study
with the application of QoL questionnaires before and after RIT in both groups.

However, this study had some limitations. The small number of patients recruited during the
study period and the difference in the activities administered and age between the groups are
noteworthy. Higher administered doses can lead to a higher probability of ablation success.
Moreover, older patients usually show a lower radioactive iodine uptake [18], which can impact the
ablation success rate. We try to overcome this issue by calculating the absorbed dose and comparing
the groups according to the administered activity (non-significant differences were founded).

Additionally, it was not possible to assess the rates of recurrence and disease-free survival.
Moreover, many patients did not agree to participate in this study mainly because of extra hospital
visits necessary to calculate the absorbed dose.

A TSH > 30 IU/ml is often cited in the scientific literature as the accepted threshold for
successful thyroid ablation with RIT, mainly because a 1970s study suggested that TSH levels > 30
IU/ml are associated with increased uptake of radioiodine in the DTC. [6] A more recent
retrospective study with 1873 patients referred for ablative RIT, without distant metastases, also
demonstrated that even patients who had TSH below 10 IU/ml had a similar success rate in ablation
as those with TSH above 80 mU/L, including no influence on recurrence-free survival and DTC-
related mortality[ 18], with similar findings on another study. [20] However, a chinese study showed
that TSH levels between 30 and 70 IU/ml lead to better ablation success. [21] Interestingly, this
same study showed a similar ablation success ratio between patients with TSH levels under 30
mU/L and above 70 IU/ml. In the present study, thirteen patients in group 2 had TSH levels under
30 IU/ml, but this group had a similar ablation success ratio to group 1.

The effectiveness of thyroid remnant ablation with RIT may be influenced by other factors, such
as age, remaining thyroid tissue, and tumor size. [22,23] Pre-ablation serum Tg levels can estimate
the size of remaining thyroid tissue and, depending on the levels found, can lead to different success
rates of ablative RIT.[22] Unfortunately, it was not possible to verify the influence of such factors
on ablation success due to the similarity of these variables in the different groups.

Several studies show that the activity of NIS and, consequently, the concentration of iodine in
the cell is mediated by TSH, being dose and time-dependent. [24] Following this rationale, it can be

suggested that the total area under the TSH elevation curve, not just the serum peak, is potentially
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crucial for increasing the celular uptake of radioiodine.[25] The present study showed that a 2-week
levothyroxine suspension period in group 2, even not reaching serum TSH levels > 30 mU/L, had
an ablation success rate similar to group 1. This finding suggests that the area under the TSH
elevation curve in group 2 was sufficient to stimulate effective therapeutic radioiodine uptake,
despite the absence of a peak > 30 mU/L. Still supporting this hypothesis is that dosimetry, that is,
the dose of radiation absorbed in the cervical region 24 hours after radioiodine administration, did
not vary significantly with TSH levels according to the activities administered. Additionally, other
studies reported a two-week hormone withdrawal's success on the ablation success rate.[25,26]
Additionally, a better and faster return to the basal levels of quality of life was observed in
patients in group 2. It is known that long periods of levothyroxine withdrawal lead to worst quality
of life and it is an important risk factor to other conditions. [27] Furthermore, it was highlighted that
cognitive function, emotional function, fatigue, pain, physical function and social function were
worse in the patients in group 1. These factors were previously described[27], demonstrating a
relationship between suspension time and frequency of symptoms, but this study showed that such

impact could be present months after the levothyroxine reposition restart.

4. CONCLUSIONS

In patients with DTC and low or intermediate risk of recurrence, we concluded that a two-week
hormone withdrawal shows similar success rates of radioiodine ablation compared to LT4
suspension for four to five weeks to obtain a serum TSH > 30 mUI/L, with the benefit of a better

quality of life.
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