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Abstract
Purpose In DTC patients, 131-radioiodine therapy has routinely been used for many years for thyroid remnant ablation after
thyroid surgery. To date, two different strategies can be used to achieve sufficient TSH stimulation on thyroid remnant: (I)
Levo-thyroxine withdrawal or (II) rhTSH stimulation. The aim of our study was to compare the abdominal absorbed dose
ratio between differentiated thyroid cancer patients who underwent thyroid remnant ablation after either L-T4 withdrawal or
rhTSH stimulation.
Methods We reviewed the records of 63 patients affected by differentiated thyroid cancer. All patients underwent thyroid
remnant ablation after either L-T4 withdrawal or rhTSH stimulation.

A post-therapy whole-body scan was obtained 5 days after 131-radioiodine therapy. Qualitative and quantitative image
analysis was performed. Quantitative analysis was performed by drawing seven regions of interest on the abdomen (anterior
and posterior views) to estimate both the activity ratio (AR) and absorbed dose ratio (DR) obtained in patients treated in
hypothyroidism or after rhTSH stimulation.
Results The values of the activity and absorbed dose ratios obtained on each abdomen region (liver, stomach, ascending
colon, transverse colon, descending colon, rectum, and small intestine) were always higher in patients treated after L-T4
withdrawal than after rhTSH stimulation with p-values of 0.000, 0.000, 0.001, 0.000, 0.022, 0.007, and 0.002, respectively.
Conclusions DTC patients treated with 131-radioiodine after rhTSH stimulation have lower abdominal radioiodine activity
than hypothyroid patients. Our data could be of practical relevance in terms of patient management. The potential impact on
rare radioiodine-related gastrointestinal side effects is to be established in specifically designed prospective studies.

Keywords Differentiated thyroid carcinoma ● 131-radioiodine therapy ● rhTSH stimulation ● Levo-thyroxine withdrawal ●

Radioiodine side effects

Introduction

Thyroid tumors occur in up to 5% of thyroid nodules.
Differentiated thyroid cancer (DTC) is the most common
form. In the last few decades, DTC incidence has been
increasing with a very large prevalence of papillary thyroid
carcinoma (PTC) and small tumors [1–5].

In DTC patients, 131-radioiodine therapy (RaIT) has
routinely been used for many years for thyroid remnant
ablation (TRA) after thyroid surgery. To date, according to
the latest American Thyroid Association (ATA) guidelines
[6], TRA is only indicated for high-risk DTC patients.
However, the European Association of Nuclear Medicine
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(EANM) [7] did not endorse ATA guidelines, since the role
of nuclear medicine was too marginal.

ATA guidelines [6] do not indicate TRA in many
patients, as RaIT would not improve overall survival rate.

Another argument not to indicate TRA has always been
the possible side effects (i.e., induced secondary cancer) of
ionizing radiation on some organs, such as the stomach and
bladder (so-called critical organs) and small bowel [8–11].
However, to date, it is possible to perform TRA using
recombinant human TSH (rhTSH) stimulation rather than
Levo-thyroxine withdrawal. Indeed, rhTSH stimulation can
produce an efficacious treatment maintaining patient quality
of life and reducing the side effects due to hypothyroidism
induced by LT4-withdrawal, as already reported [12–14].

Among hypothyroidism side effects, constipation due to
reduced bowel motility is one of the more frequent and
fastidious. In patients treated with 131-radioiodine, it can
produce an increase of radiation exposure to the body (in
particular the stomach and bowel).

The present retrospective analysis started from our rou-
tine clinical observation and was aimed to evaluate the
abdominal absorbed dose ratio between differentiated
thyroid cancer patients who underwent thyroid remnant
ablation after either L-T4 withdrawal or rhTSH stimulation.

Materials and methods

The records of 63 consecutive patients (F= 51, M= 12; F/
M ratio= 4.2:1; mean age 46.2 ± 13.4 yrs, range 18–79 yrs,
median age: 46) affected by DTC [papillary thyroid carci-
noma (PTC), n= 57 (F= 47, M= 10; F/M ratio= 4.7:1);
follicular thyroid carcinoma (FTC), n= 6 (F= 4, M= 2; F/
M 2:1)] referred to our Nuclear Medicine Unit from January
1, 2017 through December 31, 2017 were reviewed. From
the present analysis, we excluded patients who did not meet
the following criteria: (I) age ≥ 18 yrs; (II) serum TSH
values ≥ 30 µUI/ml at RaIT; (III)—absence of—

locoregional or distant metastases (even if suspected); (IV)
absence of any possible disease changing/reducing bowel
motility (e.g., irritable bowel syndrome, inflammatory
bowel disease).

All patients had undergone (near)-total thyroidectomy
and underwent TRA 3 months from thyroid surgery and
after either L-T4 withdrawal for 4 weeks (n= 27) or rhTSH
stimulation according to standard protocol (n= 36). Thirty-
three patients were treated with 2220MBq (18 after rhTSH
stimulation), while 30 patients were treated with 3700MBq
(18 after rhTSH stimulation). Data regarding the enrolled
patients are summarized in Table 1.

In all patients, a post-therapy whole body scan (pT-
WBS) was obtained 5 days (5d) after RaIT. Whole-body
images from head to legs were acquired (scan speed: 5 cm/
s) using a double-headed gamma camera (Millennium VG,
GE Medical System, Chicago, IL, USA).

Patients took proton pump inhibitors (PPIs) for a week
starting on the day of RaIT. In addition, to reduce back-
ground activity, patients were required to drink at least
1.5 litres of water and take laxative drugs 2 days before pT-
WBS.

Qualitative and quantitative image analysis was always
performed by the same experienced nuclear medicine phy-
sician (AC). Quantitative analysis was performed by
drawing seven region-of-interest (ROI) on the abdomen in
both anterior and posterior views, with different shapes and
corresponding to the liver (L), stomach (S), ascending colon
(AC), transverse colon (TC), descending colon (DC), rec-
tum (R), small intestine (SI). For each region, we evaluated
the activity incorporated at pT-WBS as the geometrical
mean of anterior–posterior counts, corrected for background
(Fig. 1a, b) [15].

We compared the activities in the various districts by
calculating the activity ratio (AR) defined as:

AR ¼ Awithdr:=ArhTSH ð1Þ

Table 1 Demographic and
histological data of the patients
underwent RaIT with both
different strategies and RAI
activities

Male Female Mean age Papillary Follicular rhTSH
stimulation

Off-
LT4

2220
MBq

3700MBq

Patients (n= 63) 12 51 46,6 57 6 36 27 33 30

Histotype 10* 47* 45,9* 57* 0* 34* 23* 28* 29*

2† 4† 53,1† 0† 6† 2† 4† 5† 1†

Strategy to
perform RaIT

5‡ 31‡ 47,6‡ 34‡ 2‡ 36‡ 0‡ 18‡ 18‡

7§ 20§ 45,2§ 23§ 4§ 0§ 27§ 15§ 12§

Radioiodine
activity

4║ 29║ 45,5║ 28║ 5║ 18║ 15║ 33║ 0║

8¶ 22¶ 47,7¶ 29¶ 1¶ 18¶ 12¶ 0¶ 30¶

*Papillary thyroid carcinoma patients, ‡patients treated after rhTSH stimulation, †follicular thyroid
carcinoma patients, §patients treated after L-T4 withdrawal, ║patients treated with 2220MBq, patients
treated with 3700MBq. RaIT= 131-radioiodine therapy
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where Awithdr. is the activity in the district L-T4 withdrawal
regime, and ArhTSH the activity in the rhTSH-stimulation
regime. Furthermore, given that, according to the Medical
Internal Radiation Dose (MIRD) formalism, the radiation-
absorbed dose can be calculated as D= ~AS, where ~A is the
time-integrated activity and S is the S-factor, and
considering that in the case of mono-exponential decay
kinetics ~A= A0τeff= A0T1/2eff/ln2, we estimated the
absorbed dose ratio (DR) between the two groups of
patients as:

DR ¼ Awithdr:T1=2 eff withdr:= ArhTSHT1=2 eff rhTSH

� � ð2Þ
where the effective half-lives of 15.7 and 10.5 h, respec-
tively, for withdrawal and rhTSH, were used as already
described [16].

Statistical analysis

Numerical data are expressed as mean and standard devia-
tion, and the categorical variables as number and
percentage.

Examined variables did not present normal distribution
as verified by Kolmogorov–Smirnov test; consequently the
nonparametric approach was used.

The Wilcoxon test was applied to compare activity (L-T4
withdrawal vs. rTSH) for each district (the liver, stomach,
colon, intestine, and rectum), both for 2220MBq and for
3700MBq patients, separately and together.

The Mann–Whitney test was applied to evaluate statis-
tical differences between two examined groups (2220MBq
and 3700MBq patients), for each district.

Statistical analyses were performed using SPSS 20.0 for
Window package.

A p-value ≤ 0.050 was considered to be statistically
significant.

Results

Thyroid remnant was noted at visual analysis in all patients,
but none showed either locoregional or distant 131-
radioiodine avid metastases. AR and DR values are repor-
ted in Table 2. From the DR and AR values reported, both
dose and activity values in L, S, AC, TC, DC, R, and SI
regions were always higher in patients treated in L-T4
withdrawal than after rhTSH stimulation with p-values of
0.000, 0.000, 0.001, 0.000, 0.022, 0.007, and 0.002,
respectively.

Fig. 1 a Forty-three-year-old woman, pT2N1bMx-PTC (classic var-
iant) located in the left lobe. Anterior and posterior views of pt-WBS
images were obtained 5 days after RaIT (3700MBq after 5 weeks L-
T4 withdrawal). Thyroid remnant was noted, while none locoregional
and/or distant 131-radioiodine avid metastases were observed. Regions
of interest (ROIs) were painted on the abdomen in both anterior and
posterior views. Moderate-to-intense radioiodine uptake were noted on
the abdomen, mainly into ROI corresponding to the ascending colon
and rectum. b Sixty-nine-year-old woman, pT2N0Mx-PTC (classic

variant) located in the left lobe. Anterior and posterior views of pT-
WBS images were obtained 5 days after RaIT (3700MBq after rh-
TSH stimulation). Thyroid remnant was noted, while none locor-
egional and/or distant 131-radioiodine avid metastases were observed.
ROIs were painted on the abdomen in both anterior and posterior
views. Interestingly, low to very-low radioiodine uptake were noted on
the abdomen, mainly into ROI corresponding to the small intestine and
large bowel
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In particular, AR and DR values calculated for L, S, AC,
TC, DC, R, and SI regions were always higher in hypo-
thyroid patients treated with 3700MBq than in euthyroid
patients treated with the same 131-radioiodine activity with
p-value of 0.005, 0.037, 0.005, 0.005, 0.022, 0.013, and
0.013, respectively.

Finally, the lowest values of dose and activity for each
region were observed in patients treated with 2220MBq
after rhTSH stimulation.

Discussion

According to the latest ATA guidelines [6], TRA is indi-
cated for high-risk DTC patients only. Instead, RaIT is not
recommended or only suggested/discouraged in patients
affected by low or low-to-intermediate risk cancer,
respectively.

As already known, EANM [7] did not endorse ATA
guidelines and, more recently, two important points of view
on this topic have been published [1, 17]. Luster et al. [17]
indicated wider use of postoperative RaIT than ATA
guidelines, suggesting modifications to approximately one-
third of ATA 2015 recommendations.

ATA guidelines [6] do not indicate TRA in DTC patients
with low or low-to-intermediate risk cancer, as RaIT would
not improve the overall survival rate. However, this main
reason is in clear contrast with results reported by Mazza-
ferri et al. [18] in their important paper (up to date the only
prospective paper on this topic) in which they demonstrated
how TRA significantly reduced both recurrence and DTC-
specific mortality rates. Other authors have accordingly
reported [19, 20].

In particular, also in so-called low or low-to-intermediate
risk patients, RaIT should be considered as an adjuvant
therapy useful to treat both microscopic neoplastic foci in
thyroid remnant and unknown metastatic disease [21–23].

The possible side effects of ionizing radiation on organs
such as the stomach, bladder, and small bowel have always
represented the second reason not to indicate RaIT, mainly
in so-called low or low-to-intermediate risk DTC patients
[8–11].

However, TRA can now be performed after rhTSH sti-
mulation rather than L-T4 withdrawal. The use of rhTSH
stimulation offers at least two main advantages: first, it
permits to perform efficacious RaIT in terms of either
ablative or adjuvant scope maintaining patient quality of
life, as already demonstrated [12–14]; second, the use of
rhTSH reduces both absorbed dose to blood (since 131-
radioiodine renal clearance is faster than in hypothyroid
patients) [24, 25] and radiation exposure to the abdominal
organs, since bowel motility is not slowed down. Accord-
ingly, at pT-WBS visual analysis during our routine clinicalTa
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observation, we noted that abdominal radioiodine activity
was lower in patients treated after rhTSH stimulation than in
patients treated after L-T4 withdrawal.

Noteworthy, this visual observation was successively
confirmed by quantitative analysis, which demonstrated a
statistically significant difference in abdominal radioiodine
uptake between patients treated after L-T4 withdrawal and
those treated after rhTSH stimulation. Remy et al. in their
landmark paper [16] reported similar results (in terms of
dose estimates) at least regarding the stomach and upper
large intestine (even if with a borderline p-value in the latter
case). On the contrary, no significant differences were noted
for lower large intestine.

However, the authors [16] did not report on which of the
seven pT-WBS measurement time points (from+ 0.5 h to
+ 62 h) the dose estimates to lower large intestine were
evaluated.

In our opinion, the authors did not find any significant
differences in terms of dose estimates to lower large intes-
tine between euthyroid and hypothyroid patients as they
made this evaluation too early (within 62 h) also compared
with time point used by us (i.e., 5 days after radioiodine
administration or 120 h).

In light of this, our study is the first to evaluate the
relationship between the strategy to obtain TRA (i.e., L-T4
withdrawal vs. rhTSH stimulation) and abdominal radio-
iodine activity (in terms of both AR and DR).

However, our study has some evident limitations in
addition to the retrospective design. First of all, the limited
number of considered patients reduces the statistical power
of presented data, thus conferring them a preliminary sig-
nificance only. Further studies on a larger cohort of patients
are needed. In addition, due to our type of study, we did not
perform our analysis on serial pT-WBSs performed at dif-
ferent times for each patient, as only a one-point-time pT-
WBS (5d) for each patient was available and consequently
analyzed.

In conclusion, DTC patients treated with 131-radioiodine
after rhTSH stimulation have lower abdominal radioiodine
activity than hypothyroid patients. Our data could be of
practical relevance in terms of patient management (i.e.,
length of hospital stay, health cost, and patient quality of
life). The potential impact on rare radioiodine-related gas-
trointestinal side effects is to be established in specifically
designed prospective studies.
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