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ABSTRACT

Thyroxine (T4) withdrawal or recombinant TSH is used for the stimulation of
thyroglobulin (Tg), whole-body scanning (WBS) and iodine-131 treatment
in patients with thyroid carcinoma. This study evaluated the T4 dose
reduction protocol as an alternative for patients’ preparation. Fifty-one
patients were submitted to total T4 withdrawal for WBS and Tg measure-
ment. T4 treatment was then resumed and maintained until TSH reached
levels ≤ 0.3 mIU/l. The T4 dose was then decreased to 0.8 µg/kg/day and
TSH was measured weekly. Tg was assayed when TSH was > 30 mIU/l.
Patients diagnosed with the disease upon initial evaluation were treated.
We also evaluated the clinical and laboratory changes observed for
both preparations. Using the reduced dose protocol, TSH levels > 30 mIU/l
were reached within 6 and 8 weeks in 84.6 and 100% of the patients,
respectively. T4 withdrawal was associated with more common symp-
toms of hypothyroidism and elevation of creatine kinase (CK) and LDL
cholesterol. The T4 dose reduction protocol proved to be useful for Tg
stimulation and ablative therapy, without the complication of severe
hypothyroidism or the cost of recombinant TSH. (Arq Bras Endocrinol
Metab 2006;50/1:91-96)
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RESUMO

Controlando o Câncer de Tireóide Sem Suspender a Tiroxina.
A suspensão da tiroxina (T4) ou o TSH recombinante são usados para a
estimulação da tireoglobulina (Tg), para o mapeamento de corpo
inteiro (MCI) e para o tratamento com 131Iodo em pacientes com car-
cinoma tireoideano. Esse estudo avaliou um protocolo de redução de
dose do T4 como alternativa para o preparo desses pacientes. Cinquen-
ta e um pacientes submeteram-se à suspensão total de T4 para o MCI e
a medida de Tg. Tratamento com T4 foi então reinstituído e mantido até
que o TSH atingisse níveis ≤ 0.3 mUI/l. A dose de T4 foi então dominuída
para 0,8 µg/kg/dia e o TSH medido semanalmente. A Tg foi analisada
quando o TSH estava > 30 mUI/l. Pacientes diagnosticados com a
doença na fase inicial da avaliação foram tratados. Nós também
avaliamos as alterações clínicas e laboratoriais observadas para ambos
os preparos. Usando o protocolo de redução de dose, níveis de TSH > 30
mUI/l foram atingidos em 6 e 8 semanas em 84,6 and 100% dos
pacientes, respectivamente. A suspensão do T4 esteve associada com
sintomas mais comuns de hipotireoidismo e com elevação da creatino-
quinase (CK) e LDL-colesterol. O protocolo de redução da dose de T4
mostrou-se útil para a estimulação da Tg e terapia ablativa, sem apre-
sentar as complicações do hipotireoidismo severo ou chegar ao custo
do TSH recombinante. (Arq Bras Endocrinol Metab 2006;50/1:91-96)

Descritores: Câncer de tireóide; Redução da dose de T4
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AFTER INITIAL THERAPY of differentiated thyroid
carcinoma with thyroidectomy and ablation of

remnants with iodine-131 (1-3), follow-up is general-
ly carried out by serum thyroglobulin (Tg) measure-
ment alone in low risk patients (4) or combined with
imaging methods in high-risk cases (5,6). Despite its
limitations, iodine whole-body scanning (WBS) is
widely used to evaluate these patients (7,8). Tg sensi-
tivity is increased by TSH stimulation (9-11), as is the
uptake of iodine-131 for diagnostic scanning or abla-
tive therapy (12-15). In order to obtain satisfactory
TSH levels, usually higher than 30 mU/l, T4 therapy
may be discontinued, rapidly inducing hypothyroidism
(12-15), which can compromise the patients’ quality
of life and result, among other changes, in hypercho-
lesterolemia and myopathy accompanied by a rise in
creatine kinase (CK) (16-18). Recombinant TSH
effectively stimulates Tg production and iodine uptake
by tumor cells for WBS (11,19-21) without causing
hypothyroidism. However, Pacini et al. (22) showed
that hypothyroidism is more effective than recombi-
nant TSH for ablative treatment. In addition to this
lower efficacy in ablative therapy, the high cost of
recombinant TSH is a restrictive factor for its routine
use. Therefore, an alternative that does not present the
symptoms caused by T4 withdrawal is required for fol-
low-up tests in patients for whom recombinant TSH is
not available. Guimarães & DeGroot (23) have sug-
gested an alternative protocol to increase TSH in
which the thyroxine dose was reduced by half, report-
ing good results in terms of efficacy and reduction of
morbidity. However, this method, which has always
appealed a lot to us, has received some criticism (24).
In the present study we reevaluated the dose reduction
protocol compared to total T4 withdrawal, taking into
account aspects such as efficiency in raising TSH,
symptoms, serum CK and LDL cholesterol levels,
capacity to stimulate Tg production, and efficacy of
ablative therapy.

PATIENTS AND METHODS

Patient characteristics and study design
Patients with differentiated thyroid carcinoma who
had undergone total thyroidectomy followed by rem-
nant ablation and who did not present distant metas-
tases were evaluated 6 to 12 months after initial ther-
apy. The patients were first prepared with T4 with-
drawal for 5 weeks, receiving fixed doses of 50 µg/day
triiodothyronine (T3) for the first 2 weeks. The
patients were then submitted to iodine WBS and Tg

measurement during hypothyroidism. Antithyroglo-
bulin antibodies (TgAb) were not detected in any case.
After evaluation, T4 treatment was resumed up to the
point when TSH reached levels ≤ 0.3 mIU/l, but still
detectable, and maintained for 4 weeks. The T4 dose
was then changed to 0.8 µg/kg/day (the difference
between the calculated and administered dose varied
from -6 to +5 µg, average of +2.3 µg) and serial mea-
surements (weekly) of TSH were obtained. Patients
were maintained on this preparation for a minimum of
6 and a maximum of 8 weeks. If during these evalua-
tions (6 or 8 weeks) patients showed levels > 30
mIU/l, Tg was measured and patients whose initial
evaluation indicated recurrence of the disease received
a new dose of iodine-131 (100 mCi). In addition, we
determined morbidity, preference for one of the two
types of preparation, heart rate, CK, LDL cholesterol
and free T4 during hypothyroidism, and the efficacy of
ablative treatment in those patients submitted to the
dose reduction protocol. Fifty-one patients, 43
women and 8 men, were studied. Age ranged from 19
to 56 years (mean of 38.6 years). Forty patients had
papillary carcinoma and 11 had follicular carcinoma.
Thirty-six patients were in stage I (tumor within the
thyroid) and 15 were in stage II (metastases to the
lymph nodes). A control group consisting of 24
patients who also had cervical disease after initial treat-
ment and who had received the same 100-mCi dose
but were prepared with the classical protocol was ret-
rospectively selected for comparison. All patients who
were again treated with radioiodine showed cervical
uptake < 3% (control WBS) and Tg ≤ 20 ng/ml (TSH
> 30 mIU/l).

The protocol was approved by the Research
Ethics Committee of the institution and the patients
gave informed consent to participate.

Tg and TgAb measurements
Tg was measured by an immunoradiometric assay
(ELSA-hTG, CIS Bio International, France) with a
functional sensitivity of 0.8 ng/ml, with the reference
value established by the laboratory ranging from 3 to
42 ng/ml. TgAb were determined by a chemilumines-
cent assay (Chemiluminescent ICMA, Nichols Insti-
tute Diagnostics, San Juan Capistrano, CA) with a
detection limit of 1 IU/ml and with a reference value
< 2 IU/ml. No TgAb were detected in these cases.

CK, LDL cholesterol, TSH and free T4 
measurements
CK was measured by an enzyme assay, with a reference
value of up to 165 U/l for women and up to 190 U/l
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for men. LDL cholesterol was determined by an
enzyme colorimetric method, with a reference value of
up to 160 mg/dl. TSH was measured by an immuno-
radiometric assay (TSH MAIAclone, BioChem
ImmunoSystems, Bologna, Italy), with a sensitivity of
0.03 mIU/l and the reference value established by the
laboratory ranging from 0.3 to 4 mIU/l. Free T4 was
measured by radioimmunoassay (GammaCoat Free
T4, Diasorin, Stillwater, Minnesota, USA), with a sen-
sitivity of 0.08 ng/dl and a reference value ranging
from 0.73 to 2.1 ng/dl.

Imaging methods
Diagnostic WBS was performed with a tracer dose of
5 mCi iodine-131 during hypothyroidism and admin-
istration of a low iodine diet during the 2 weeks pre-
ceding the exam. Anterior and posterior images of the
whole body were obtained 72 h after iodine adminis-
tration. Post-therapy WBS was performed 7 days after
the administration of the ablative dose. Other imaging
methods used for the definition of disease status were
cervical ultrasound and contrast-free chest and medi-
astinum-computed tomography.

Statistical methods
Significance was determined by χ2 analysis and p val-
ues < 0.05 were considered to be significant.

RESULTS

Raising TSH
Using the classical protocol, TSH levels > 30 mIU/l
were reached in 78.4 and 100% of patients in the
absence of thyroid hormone within 2 and 3 weeks,
respectively. When TSH was > 30 mIU/l, free T4 lev-
els ranged from undetectable to 0.48 ng/dl (mean ±
SD: 0.21 ± 0.23 ng/dl), and TSH ranged from 53 to
186 mIU/l (83 ± 23 mIU/l). Using the reduced dose
protocol, TSH levels > 30 mIU/l were reached with-
in 6 weeks in 84.6% of patients and within 8 weeks in

the remaining patients. A TSH value > 15 mIU/l was
predictive of levels ≥ 25 mIU/l after 1 week. Basal
TSH did not change among patients who successfully
reached the required level within 6 and 8 weeks. When
TSH was > 30 mIU/l (51.64 ± 11.1 mIU/l), free T4
ranged from 0.53 to 1.19 ng/dl (0.69 ± 0.15 ng/dl)
(table 1). Figure 1 shows the weekly mean TSH values
obtained with the T4 reduced dose protocol.

Adverse effects

Symptoms
Using the classical protocol, symptoms attributable to
hypothyroidism (table 2) were observed in 70.6% of
patients and 29.4% remained free of new complaints.
With the reduced dose protocol, hypothyroidism symp-
toms were present in only 23.5% of cases, with most
patients (76.5%) being symptom-free (table 1). When
questioned about their preference, 35.3% of the patients
reported no difference between the two types of prepa-
ration and 64.7% chose the reduced dose protocol.
None of the patients preferred total T4 withdrawal.

CK
Basal CK levels were normal in all patients and the same
concentrations were observed before application of the
classical protocol and the reduced dose preparation (90
± 19 versus 94 ± 17 U/l, p= ns). After T4 withdrawal,
70.5% of the patients presented an increase in CK values
(from 236 to 1,015 U/l), an average of 364 ± 168 U/l
among the 51 patients and significantly higher than the
178 ± 71 U/l found when the T4 dose was simply
reduced. In this case, 80.3% of the patients showed nor-
mal levels of this enzyme (table 1).

LDL cholesterol
Basal LDL cholesterol levels were < 160 mg% in all
patients, with no difference between values obtained
before the classical protocol and the reduced dose
preparation (102 ± 21U/l versus 108 ± 18U/l, p= ns).
After T4 withdrawal, 62.7% of the patients showed val-

Table 1. Symptoms, heart rate, creatine kinase (CK), LDL cholesterol (LDL-c), TSH and free T4 obtained with the classical
and dose reduction protocol.

Preparation With Without Heart CK (U/l) LDL-c TSH Free T4
symptoms symptoms rate (mg/dl) (mIU/l) (ng/dl)

Classical Increased in Increased in
protocol 70.6% 29.4% 63 ± 9  70.5%: 364 ± 168 62.7%: 172 ± 22 83 ± 23 0.21± 0.23

Reduced Increased in Increased in
dose 23.5% 76.5% 68 ± 8 19.7%: 178 ± 71 29.4%: 138 ± 18 ± 11.1 0.69 ± 0.15
protocol
p-value < 0.05 < 0.05 ns < 0.01 < 0.05 < 0.05 < 0.01
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ues > 160 mg% (162 to 265 mg/dl), with an average of
172 ± 22 mg/dl, a value significantly higher than the
138 ± 18 mg/dl found when the T4 dose was simply
reduced. In this case, 70.6% of the patients showed nor-
mal levels (< 160 mg/dl) (table 1).

Efficacy of ablative treatment with the reduced
dose protocol
Twenty patients showed recurrence of cervical remnants
after initial therapy, all with < 3% uptake in the cervical
bed (control WBS) and without distant metastases.
These patients received a 100-mCi dose after prepara-
tion with the reduced protocol and the success of the
new therapy (negative WBS and Tg < 2 ng/ml, 6
months to 1 year after treatment) was 75%. A group of
24 subjects prepared by total T4 withdrawal and show-
ing the same characteristics (cervical recurrence, second
treatment, cervical uptake < 3%, dose of 100 mCi) was
retrospectively selected for comparison among the
patients seen at our institution. The efficacy of ablative
therapy in this situation was 79.1%, with no difference
compared to the reduced dose preparation (p= ns).

Efficacy of thyroglobulin generation
No treatment was performed after Tg off T4 measure-
ment until a new evaluation was done with the
reduced dose protocol. Therefore, no change in the

status of the disease was observed. Initial stimulated
Tg was undetectable (< 1 ng/ml) in 31 cases that were
free of the disease and the same was observed for the
T4 reduced dose preparation. Detectable Tg off T4
ranged from 2.4 to 20 ng/ml (8.87 ± 6.05 ng/ml) in
patients with disease recurrence and from 1.8 to 18.3
ng/ml (6.94 ± 5.14 ng/ml, p= ns) in reduced dose
preparation.

DISCUSSION AND CONCLUSIONS

We considered a minimum TSH value of 30 mIU/l
as ideal based on previous studies demonstrating an
increase in iodine-131 uptake with these values (12-
15). Furthermore, exaggerated TSH rises have no
additional benefits, as demonstrated by Goldman et
al. (13), who did not detect any difference in uptake
when employing median TSH levels of 68 mIU/l (2
week T3-off) versus 96 mIU/l (4 week T3-off).
Using the reduced dose protocol, 84.3% of the
patients reached these values within 6 weeks,
demonstrating good efficacy. Basal TSH (> 0.03 and
≤ 0.3 mIU/l) was reduced in the present patients
and no difference was observed between patients
who reached the required TSH level within 6 or 8
weeks. Nevertheless, it is possible that the efficacy of
this preparation is higher when TSH is > 0.3 mIU/l
and lower if basal levels are undetectable. Values >
15 mIU/l were predictive of TSH levels > 25 mIU/l
after 1 week. These factors had already been defined
by Guimarães & DeGroot (23). In the present study
we only evaluated patients who had undergone total
thyroidectomy and ablative therapy, and therefore
without functioning thyroid remnants which might
have altered the efficacy of the protocol to raise
TSH. In addition, none of the patients presented
functioning metastases. We recognize that in the
presence of large remnants or metastases this proto-
col may not be as successful, requiring longer prepa-
ration times.

Analysis of the symptoms observed in the pre-
sent study clearly shows the advantage and patients’
preference of treatment without T4 withdrawal, as also
demonstrated by Guimarães & DeGroot (23). In
addition, laboratory parameters such as free T4, CK
and LDL cholesterol significantly differed between the
two protocols, in favor of the reduced dose protocol.
Therefore, it is unquestionable that this preparation
resulted in benefits in terms of quality of life and
reduction of morbidity, in agreement with a previous
study (23).

Figure 1. Weekly mean TSH levels obtained with the dose
reduction protocol.
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Concerning iodine-131 uptake, Greenspan (24)
has indicated the possibility that iodine-127, present in
the thyroxine molecule, may compete with the tracer
if T4 therapy is continued. In view of the small quan-
tity of iodine-127 and considering the use of a reduced
dose only and the prescribed low iodine diet, we do
not believe that this fact may interfere. In addition, if
there were interference, the use of recombinant TSH
in patients on full T4 therapy would not be efficient to
stimulate iodine uptake when performing WBS
(11,19-21). Despite the similar efficacy of the two
preparations in remnant treatment with high iodine-
131 doses, the use of the reduced dose protocol for
ablative therapy still requires caution and further stud-
ies because of the small size of the present series.

Additionally, we compared Tg measurement
between the two preparations and observed that the
reduced dose protocol is effective for Tg stimulation.

Another important aspect refers to the prolonged
period of time under increased TSH, which could stim-
ulate tumor growth more intensively than the classical
protocol that results in fast TSH rises over a short peri-
od of time. Using the preparation without T4 with-
drawal, increased TSH values were only observed in the
last three weeks, showing that the delay is longer when
starting from decreased TSH. In addition, the smaller
concentrations compensate for the longer TSH expo-
sure. Although we did not evaluate the TSH decrease
after T4 treatment had been resumed, it is possible that
the classical protocol delays normalization of TSH since
the values obtained were higher.

After conclusion of this study, T3 was with-
drawn from the Brazilian market due to some prob-
lems involving the company responsible for its manu-
facturing and distribution. Considering the high risk
of an incorrect dosage during laboratory handling, we
believe that the T4 dose reduction protocol is of
greater importance in our country.

Weekly monitoring of TSH after complete T4
withdrawal can also be used, reducing the duration of

hypothyroidism since the desired elevation of TSH can
be rapidly achieved (average of 17 days) (25).

In conclusion, the dose reduction protocol is an
especially effective alternative after total thyroidectomy
and ablation of remnants and stimulates TSH for Tg
measurement and possibly for WBS without the com-
plication of severe hypothyroidism and the high cost
of recombinant TSH. Concerning ablative therapy, we
recommend caution and further studies including a
larger number of patients.
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