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KEYWORDS Abstract In patients with differentiated thyroid cancer, long-term inhibition of TSH secretion
Differentiated thyroid by levothyroxine administration is required when there is evidence of persistent or recurrent
carcinoma; disease. In such cases, levothyroxine doses should be monitored to achieve the goals of TSH
Levothyroxine inhibition and avoidance of clinical hyperthyroidism. The possibility that TSH-suppressive
suppressive treatment therapy may cause adverse effects continues to be controversial, especially for elderly patients.
Many studies on the potential harmful effects of suppressive treatment on various organs or
systems have been conducted with discordant results. There is however no scientific evidence
to suggest that the clinical impact of these effects is significant.
© 2010 SEEN. Published by Elsevier Espafia, S.L. All rights reserved.

PALABRAS CLAVE Posibles efectos adversos del tratamiento supresor de la TSH en el carcinoma
Cacinoma diferenciado de tiroides

diferenciado de

tiroides; Resumen En pacientes afectos de cancer diferenciado de tiroides, la inhibicion a largo plazo
Tratamiento supresor de la secrecién de TSH, mediante la administracién de levotiroxina, es necesaria cuando hay
levotiroxina evidencias de enfermedad persistente o recurrente. En estos casos las dosis de levotiroxina

deben ser monitorizadas para conseguir los objetivos de inhibicién de la TSH evitando el hiper-
tiroidismo clinico. La posibilidad de que el tratamiento supresor de la TSH pueda producir efec-
tos adversos es alin motivo de controversia, principalmente en pacientes ancianos. Existen
multitud de estudios sobre los posibles efectos perjudiciales del tratamiento supresor sobre di-
versos organos o sistemas con resultados discordantes aunque no existen evidencias cientificas
de que su impacto clinico sea significativo.
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Introduction

Treatment of differentiated thyroid carcinoma (DTC) rests
upon three successive mainstays. The first of these is
thyroidectomy, aimed at achieving the most complete
possible resection of the unifocal or multifocal tumor and
adenopathies that may eventually be affected'3. A second
step, one which is indicated in most cases?*. is postoperative
ablation of any remaining thyroid and neoplastic tissue by
the administration of radioiodine (131'), Finally, most
patients are also treated with suppressive doses of
levothyroxine (LT4), which is able to inhibit TSH secretion
by the pituitary gland over a long time period?35. The term
“suppressive” therapy does not appear to be adequate in
this setting. To suppress means to hold back or abolish,
while to inhibit would be more adequate in its medical
meaning of transiently suspending a body function or activity
through the action of an adequate stimulus (http://www.
rae.es/rae.html).

However, because of its wide acceptance in the literature,
both terms are used interchangeably in this review.

TSH-suppressive therapy (ST) with LT4 has two goals.
One of these is hormone replacement, indispensable in
patients who become athyreotic after surgery. The other
goal is inhibition of TSH secretion, stimulating thyroid
cells. This second effect has been widely accepted in
the history of treatment of DTC. However, TSH-
suppressive therapy is currently controversial because
of the excellent curative prognosis of low-risk DTC and
the eventual harmful effects of the subclinical
thyrotoxicosis state to which patients are subject over a
long period of time®.

Rationale for TSH inhibitory therapy in DTC

The use of thyroid hormones in patients with DTC is based
on both clinical and experimental evidence. The first
references to the effect of ST on tumor growth in clinical
studies dates back to the 1930s, when tumor regression was
reported in two patients with papillary carcinoma after
administration of thyroid extracts’.

TSH was subsequently seen to have a stimulating effect
on neoplastic cells®?, and cases showing the benefits of
LT4 administration in limiting tumor growth were
reported®. Clinical evidence supporting the use of LT4 as
part of the treatment for DTC was mainly obtained from
two retrospective studies*:'? and one prospective study™.
In the first of these studies'!, after 30 years of follow-up,
patients who had received LT4 experienced 25% less
recurrence and 50% less cancer-related mortality than
those who had TSH levels suggesting hypothyroidism. In
the Pujol et al study*?, long-term maintenance of TSH
levels lower than 0.1 mU/L significantly improved the
disease-free period independently of all other factors.
Finally, Cooper et al' found that the degree of TSH
inhibition was an independent factor for progression in
high-risk, but not in low-risk patients.

Experimental studies are based on the effect of TSH on
neoplastic cells and have been conducted both in vitro and
in experimental animals. Thus, prevention of the
occurrence of thyroid tumors induced by goiterogens in
rats in which TSH secretion was suppressed giving oral LT4

or by hypophysectomy was reported!*. Detection of
functional receptors for TSH in DTC®* and observation of
activation of the cAMP by TSH in thyroid cells in culture
inducing their growth'® provided evidence for the potential
of TSH-suppressive therapy in the treatment of DTC. There
are also experimental data which suggest that TSH has an
effect of on cell differentiation. Thus, DTC metastases
retain some biological functions, such as iodine uptake and
thyroglobulin secretion?” (but usually not hormone
secretion), which are dependent on TSH, and may also
express the Na+/1+'® symporter. This, combined with the
observation that thyroglobulin levels depend on TSH in
patients with DTC metastases, suggests that thyrotropin is
able to stimulate functional capacity and, thus, the growth
of DTC cells.

However, some questions have recently been raised in this
regard. There are functions of thyroid cells which do not
depend on TSH¢, and there is evidence of the implication of
growth factors'® and activated oncogenes such as RET/PTC,
BRAF, and the RAS family in tumor development?*?l. The
toxic or “hot” thyroid nodule is a clinical model of thyroid
cell growth independent of TSH which suggests the
permanent activation of a mitogenic cascade not controlled
by TSHS.

TSH inhibitory treatment: indications,
target TSH levels, and doses used

The continued wideapread use of ST is currently
controversial as the result of our increased understanding
of the course of DTC and the possibility of an early cure for
low-risk patients. Table 1 summarizes the cases in which
the main current guidelines?? for treatment of DTC
recommend that ST should be administered and also the
target TSH levels. There is general agreement that TSH
should be inhibited indefinitely in patients with persistent
or recurrent disease, and for periods ranging from 3 and 10
years in high-risk patients. This means that approximately
between a third and a fifth of patients with DTC may
receive ST for long periods of their lives. It should be noted
in this regard that the maintenance of TSH at levels lower
than 0.5 mU/L does not additionally decrease thyroglobulin
or limit therapy tumor growth?.

As regards the daily dose of LT4, this should be the
lowest required to achieve the desired TSH levels. Doses
will usually range from 2.2 and 2.7 ug/kg/day in adults,
and may be higher in children (up to 4 pg/kg/day). These
doses may have to be reduced by up to a half in elderly
patients?. A point of interest in this regard is consideration
of ST as a situation of “true” subclinical thyrotoxicosis.
There is no clear-cut distinction between subclinical and
clinical hyperthyroidism and it may depend on the
hormonal feed-back reset of each individual?*%. For this
reason, the monitoring of peripheral hormones,
particularly T3, is important to ensure tissue
euthyroidism.

Potential harmful effects of TSH inhibitory
treatment

There is ongoing scientific debate concerning the
possibility that ST has untoward effects on various organs
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Table 1 European and American management guidelines concerning TSH-suppressive therapy for differentiated thyroid

carcinoma

European Thyroid Cancer Taskforce (2006)?

- Mandatory in patients with evidence of persistent or recurrent disease (including detectable thyroglobulin).
- In high-risk patients who have achieved apparent remission, it is advised for 3 to 5 years.
- In low-risk patients, once cure is confirmed, dosage should be decreased until TSH levels are within normal limits

(from 0.5 to 1.0 mU/L) are achieved.

- Patients considered to be in complete remission at any time during follow-up should be switched to replacement doses.

American Thyroid Association Taskforce (2009)®

- In patients with persistent disease, TSH should be kept at levels lower than 0.1 mU/L for an indefinite time in the absence

of specific contraindications.

- In patients clinically and biochemically free of disease but at a high risk, maintenance of ST to achieve TSH levels ranging

from 0.1 and 0.5 mU/L for 5 to 10 years should be considered.

- In disease-free patients, particularly those at a low risk, serum TSH levels should be kept in the low normal range

(0.3-2 mu/L).

- In patients who have not received ', are clinically free of disease, and have undetectable thyroglobulin on ST and a normal
ultrasound, serum TSH levels should be kept in the low normal range (0.3-2 mU/L).

or systems®?’. A large number of studies and meta-
analyses have been published on the potential effects of
treatment with LT4 at suppressive doses on the
cardiovascular system?2° bone mineral density (BMD)3*
33, the central3#*3¢ and autonomic®” nervous systems,
immunity3® and hemostasis®. The results reported have
been conflicting*. The reasons for such discrepancies are
multiple and greatly depend on various factors such as
the size and heterogeneity of the selected sample,
patient age, the possibility of undetected clinical or overt
hyperthyroidism, the duration and intensity of TSH
inhibition, the achievement or not of effective and
persistent TSH inhibition, free T4 or T3 levels in blood,
the absence of factors associated with the effect to be
studied, and the methods utilised to measure the analyzed
effects. Studies conducted in patients with endogenous
subclinical hyperthyroidism, which are not necessarily
extrapolable to the subclinical thyrotoxicosis status
characteristic of ST, should also be differentiated*.

The current state of knowledge concerning the potential
effects of ST on different organs or systems is discussed
below.

Cardiovascular system

Thyroid hormones have very important physiological effects
on the heart and blood vessels?®“2, and the cardiovascular
system is highly sensitive to thyroid dysfunction. Since the
initial observation by Parry®, a wide spectrum of cardiac
changes related to clinical hyperthyroidism have been
reported*. These may include short-term effects due to
electrophysiological changes induced by thyroid hormones,
such as sinusal tachycardia, supraventricular extrasystole,
atrial fibrillation, and ventricular arrhythmia; and long-term
effects resulting from the increased cardiac load and left
ventricular mass leading to diastolic dysfunction, systolic
dysfunction at rest or on effort, and structural myocardial

changes?®. Clinical studies analyzing the potential harmful
effects of ST on the heart have reached no definitive
conclusions. As regards resting heart rate, four studies
verified TSH inhibition to values less than 0.05 mU/L, using
ECG-Holter methods**“” or ambulatory monitoring* to assess
heart rate, and compared patients with a control group. An
increased heart rate was seen in two of the studies**,
while no differences were found in the other two*:%. As
regards structural myocardial changes, there is evidence of
an increased left ventricular mass in subclinical
thyrotoxicosis*-%2, but some discrepant findings have been
reported®. Two studies found changes in ventricular function
with exercise**°, and diastolic function was altered in four?
out of five studies in which Doppler echocardiography was
used. No evidence of the occurrence of ventricular
arrhythmia has been found in clinical studies*:*’, but a
relationship has been observed between exogenous
subclinical thyrotoxicosis and supraventricular
arrhythmia®“¢. However, the relevance of these observations
for the morbidity and mortality of patients on ST is not so
evident, as is shown by data collected from epidemiological
and follow-up studies. Although an association between
endogenous subclinical hyperthyroidism and cardiac
arrhythmia induced by atrial fibrillation has been found in
people over 60 years of age®-, its relationship to mortality
is controversial. A single study found a five-year relative risk
of 2.0 in patients with TSH levels less than 0.5 mU/L%, but
more recent studies®®%%¢ and meta-analyses®* have not
confirmed such an association. With regard to subclinical
thyrotoxicosis induced by ST, patients with TSH levels less
than 0.03 mU/L have been reported to have an increased
cardiovascular risk®?. However, peripheral hormones were
not measured in this study, and overt hyperthyroidism
cannot therefore be ruled out. By contrast, other authors
did not find this association®.

In follow-up reports of a series of patients with DTC,
specific cardiovascular morbidity and mortality was
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approximately 18%-20%, a similar proportion to that seen in
a general population of similar characteristics®%.

The scientific evidence reported in the guidelines for the
diagnosis and management of subclinical thyroid dysfunction
published in 2004*, including a specific section on exogenous
subclinical hyperthyroidism, only showed an association
between cardiac arrhythmia from atrial fibrillation and TSH
levels less than 0.4 mU/L, while associations with all other
cardiac parameters were insufficient or weak. Based on this
and because of increased life expectancy in developed
countries, it has recently been suggested that elderly
patients should be considered as being at risk of experiencing
arrhythmia with ST®6.

New fields of research into the effects of ST on the heart,
such as the assessment of biochemical markers of cardiac
dysfunction, have been opened®’.

Skeletal system

Since the description by von Recklinghausen of severe bone
involvement in a female patient dying from severe
hyperthyroidism®, great advances have been made in our
understanding of the effects of thyroid hormones on bone,
ranging from clinical and analytical data* to the description
of the molecular actions of thyroid hormones®. Both growth
cartilage and cells involved in bone remodeling (osteoclasts
and osteoblasts) express functional thyroid hormone
receptors (TRa and TRB), and T3 therefore exerts direct or
indirect actions (due to the production of cytokines and
growth or proangiogenic factors) on bone development and
bone mass maintenance®. On the other hand, a direct effect
of TSH as a negative regulator of bone turnover has been
reported™.

A decrease in the intestinal absorption of calcium and
phosphate, an increase in calcium excretion in feces and
through the skin™, a shortened duration of bone remodeling,
and a negative balance between bone resorption and
formation (10% per cycle)? have all been found in
hyperthyroidism. The final result is a decrease in bone
mineral density (BMD)”® and an increase in the risk of
fracture™ 75, which may be reversible with normalization of
thyroid function’. These effects are more marked in cortical
than in trabecular bone.

The potential effect of chronic TSH inhibition with
levothyroxine in patients with DTC has been analyzed in
cross-sectional®-3276:8 and longitudinal®+®” studies with
diverse and sometimes conflicting results. The existence
of other factors having a potential influence on BMD,
patient age, LT4 doses prescribed, treatment duration,
and different bone mass quantification procedures or
asymptomatic fractures introduce not only a great
heterogeneity, but also confounding factors into the
results obtained in most studies. It should be noted that,
except in more recent studies®'-32, either a very small
number of patients were recruited (2 to 9 in some
cases)’879.82.8487.88 'ng control group was used’®%8_or TSH
was not inhibited in all patients’®788:%_Among the few
adequately designed studies?'32:¢%8 jn which overt
hyperthyroidism was ruled out during follow-up by serial
measurement of peripheral thyroid hormones®'32, a 12%-
18% decrease in lumbar and femoral BMD was seen in
post-menopausal women in one of them?, but no BMD

reductions were found in pre- and post-menopausal
women or in men in the other three studies3"3%77. Two
meta-analyses®-*° suggesting an effect on BMD in women
are available, but were published some years ago and do
not therefore include many studies on the subject. A
systematic review®! concluded that only in post-
menopausal women could there be some uncertainty
about the possibility that ST affects BMD. The most recent
negative studies were again not included in this review.

As regards the risk of fracture, post-menopausal women
treated with LT4 showing TSH levels lower than 0.1 mU/L
have been reported to have a 2 to 4-fold greater risk of
osteoporotic fracture as compared to the general
population®°2_ By contrast, other authors, including
ourselves, have not found any such association in either
women®*%* or men,

According to data concerning the management of
subclinical thyroid dysfunction published by an expert panel
based on scientific evidence*', the evidence for an
association between subclinical thyrotoxicosis and BMD
decrease or risk of fracture is negative or insufficient, and is
only considered as weak in post-menopausal women or
women with a prior history of hyperthyroidism.

Systemic symptoms, quality of life

By definition, subclinical hyperthyroidism causes no
symptoms. However, the current concept of health
includes, in addition to absence of disease (i.e. of
symptoms), complete physical, mental, and social well-
being. This is why, with advances in medicine, ever
increasing importance is now being given to aspects
difficult to quantify such as quality of life, a concept
mainly based on subjective patient perception. In addition,
the significant increase in life expectancy in developed
countries has significantly increased the proportion of
elderly patients. This age group is particularly susceptible
to the potential comorbidities induced by different
treatments such as ST with LT4.

Agreater incidence of general symptoms of hypothyroidism
(palpitations, tremor) has been reported in patients with
subclinical hyperthyroidism*, but an individual sensitivity
has been suggested. Contradictory results have been found
in anxiety scores, with some studies finding higher scores in
patients with subclinical hyperthyroidism® while others
found no differences®. Discrepancies are also marked when
a potential decrease in health-related quality of life is
analyzed. While some authors found more negative replies
in health-related quality of life questionnaires®-%, such
differences were not seen in other long-term follow-up
studies of patients with DTC on ST?3¢.

Central nervous system

The relationship between ST and cognitive impairment or
dementia due to Alzheimer’s disease has also been analyzed.
Two studies are of special interest because of the number of
patients recruited3*3, and their results are again
contradictory. The Rotterdam study, conducted on 1,846
patients, reported a three-fold greater incidence of
dementia and Alzheimer’s disease when TSH levels were less
than 0.4 mU/L and in association with the presence of
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antithyroid antibodies. By contrast, the second study*,
conducted on 829 consecutive patients, found no relationship
between Alzheimer disease and TSH levels. It is therefore
difficult to draw meaningful conclusions about the eventual
relationship between TSH and cognitive impairment. There
were confounding factors such as the presence of
autoimmunity or depression, and decreased TSH levels could
have been either the cause or the consequence of dementia.
In fact, guidelines based on scientific evidence* consider
the connection between neuropsychiatric symptoms and
subclinical hyperthyroidism to be either negative or
insufficient.

Hemostatic system

European guidelines for DTC management? suggest the
possibility that ST affects coagulation, establishing a
prothrombotic state. However, the article cited in this
regard® reported only a single study conducted on a very
small number of patients whose median free T4 levels
were within the limits of overt hyperthyroidism and which
did not report free or total T3 levels. Thus, it cannot be
stated that all patients had subclinical thyrotoxicosis. In
fact, a subsequent systematic review® of six middle
ranking studies, only reported increases in fibrinogen and
von Willebrand clotting factor, of doubtful clinical
effect.

Other organs and systems

There are isolated studies reporting potential harmful
effects of ST on immune response!® or the autonomic
nervous system?.

Discussion

It appears evident that the safety of ST has been widely
investigated. It is also clear that there is no agreement
as to the risk associated with ST, although the most
recent, higher quality studies suggest that it is not
clinically significant®-3264%5_ |t is however interesting to
be aware of the perception of clinical endocrinologists
responsible for the follow-up of patients with DTC. In
this regard, in a survey conducted in Spain!® we asked
almost 100 hundred specialists for their opinion as to
the potential effects of ST on a series of 14 organs or

systems and the clinical relevance of such effects.
Widely different opinions were recorded, and no
particular option in any item was marked by more than
80% of the specialists surveyed. Among the potential
side effects of ST, most physicians surveyed thought that
dementia and Alzheimer’s disease, decrease in the
quality of life, decreased BMD in pre-menopausal women
and in men, thromboembolic disease, signs and symptoms
of hyperthyroidism, and increased risk of fracture were
unrelated to ST, while a majority considered that
increased heart rate and decreased bone mineral density
in post-menopausal women were related to ST. However,
the most outstanding fact was undoubtedly that 80% of
physicians surveyed thought that the effects were not
clinically significant. It may be inferred from these
results that the potential undesirable effects of ST do
not condition its use in standard clinical practice.

The concept of ST has changed in recent years because of
the excellent prognosis of DTC due to the greater prevalence
of papillary carcinoma!® and the increased sensitivity of
TSH measurements, which allows for the fine tuning of LT4
doses'®. Nevertheless, approximately 20% of patients with
high-risk, relapsing, persistent, or progressing tumors may
benefit from the effect of ST on tumor growth®. One of the
key aspects of ST is intensity of TSH inhibition. In young
patients, there should be no reason for concern if total and
free T3 levels are maintained within normal limits. The most
adequate regimen for elderly patients with high-risk DTC,
residual tumor, and severe comorbidities (cardiovascular,
diabetes mellitus, or osteoporosis) has not yet been clearly
defined. These patients have the greatest risk of both
cancer progression and eventual adverse effects of ST. The
risks/benefits of subclinical thyrotoxicosis should be
assessed in these cases®. In this regard, patient stratification
schemes based on the risk of DTC progression in relation to
the potential risk of ST based mainly on patient age and
associated comorbidities have recently been proposed?!®
(Table 2).

In the future, TSH inhibition may be achieved with thyroid
hormone analogues effective on the pituitary gland and with
a minimal effect on other organs or systems, as occurs with
selective estrogen receptor modulators'®, or by developing
retinoids or other compounds which specifically decrease
TSH secretion?’. Research on genetic, biochemical, or
morphological markers in high-risk patients may also
contribute towards identifying those who could benefit from
ST and those who do not require it.

Table 2 Proposed stratification of TSH goals based on the risk of the relapse or progression of thyroid cancer and the risk of
eventual complications of subclinical thyrotoxicosis due to TSH inhibitory therapy

Risk from differentiated thyroid cancer

High Low
Potential risk of TSH suppression
Low TSH 0.1-0.5 mu/I TSH 0.5-2 muU/I
High TSH < 0.1 mU/l (undetectable?) TSH 0.5-2 mU/L

(Taken from reference 109).
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Conclusions

Patients with thyroid cancer should be treated with LT4
during their lifetimes and should be monitored to prevent
adverse effects. In patients with DTC, long-term inhibition
of TSH is only required when there is evidence of persistent
or recurrent disease. In such cases, overt thyrotoxicosis
should be avoided, and LT4 should be given at the lowest
doses compatible with achieving the goals of TSH inhibition.
The possibility that ST may cause untoward extrathyroid
effects continues to be a controversial issue, particularly in
elderly patients. Scientific advances will undoubtedly
contribute to a better understanding of the eventual side
effects of suppressive therapy'®. Although changes in
various organs and systems have been reported, their actual
clinical relevance should not be a reason for concern
provided normal levels of circulating active hormone are
maintained.

Conflict of interest

The authors state that they have no conflict of interest.

Acknowledgements

The authors wish to thank Dr. Anna Sanmarti for her
invaluable help and contributions.

References

1. Sanchez Franco F. Directrices para el tratamiento del
carcinoma diferenciado de tiroides. Endocrinol Nutr.
2005;52:23-31.

2. Pacini F, Schlumberge M, Dralle H, Elisei R, Wiersinga W, the
European Thyroid Cancer Taskforce. European consensus for
the management of patients with differentiated thyroid
cancer of the follicular epithelium. Eur J Endocrinol.
2006;154:787-803.

3. Cooper DS, Doherty GM, Haugen BR, Kloos RT, Lee SL, Mandel
SJ, et al. Revised American Thyroid Association management
guidelines for patients with thyroid nodules and differentiated
thyroid cancer. Thyroid. 2009;19:1167-214.

4. Hay ID, Thompson GB, Grant CS, Bergstralh EJ, Dvorak CE,
Gorman CA, et al. Papillary thyroid carcinoma managed at the
Mayo Clinic during six decades (1940-1999): temporal trends in
initial therapy and long-term outcome in 2444 consecutively
treated patients. World J Surg. 2002;26:879-85.

5. Mandel SJ, Brent GA, Larsen PR. Levothyroxine therapy in
patients with thyroid disease. Ann Intern Med. 1993;119:492-
502.

6. Biondi B, Filetti S, Schlumberger M. Thyroid-hormone therapy
and thyroid cancer: a reassessment. Nat Clin Pract Endocrinol
Metab. 2005;1:32-40.

7. Dunhill TP. Surgery of the thyroid gland (The Lettsomian
Lectures). BMJ. 1937;1:460-1.

8. Balme HW. Metastastic carcinoma of the thyroid successfully
treated with thyroxine. Lancet. 1954;266:812-3.

9. Crile G. Endocrine dependency of papillary carcinomas of the
thyroid. JAMA. 1966;195:721-4.

10. Goldberg LD, Ditchek NT. Thyroid carcinoma with spinal cord
compression. JAMA. 1981;245:953-4.

15.

16.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

. Mazzaferri EL, Jhiang SM. Long-term impact of initial surgical

and medical therapy on papillary and follicular thyroid cancer.
Am J Med. 1994;97:418-28.

. Pujol P, Daures JP, Nsakala N, Baldet L, Bringer J, Jaffiol C.

Degree of thyrotropin suppression as a prognostic determinant
in differentiated thyroid cancer. J Clin Endocrinol Metab.
1996;81:4318-23.

. Cooper DS, Specker B, Ho M, Sperling M, Ladenson PW, Ross

DS, et al. Thyrotropin suppression and disease progression in
patients with differentiated thyroid cancer: results from the
National Thyroid Cancer Treatment Cooperative Registry.
Thyroid. 1998;8:737-44.

. Nadler NJ, Mandavia M, Goldberg M. The effect of

hypophysectomy on the experimental production of rat thyroid
neoplasms. Cancer Res. 1970;30:1909-11.

Ichikawa Y, Saito E, Abe Y, Homma M, Muraki T. Presence of
TSH receptor in thyroid neoplasms. J Clin Endocrinol Metab.
1976;42:395-8.

Clark OH, Gerend PL, Goretzki P, Nissenson RA.
Characterization of the thyrotropin receptor-adenylate cyclase
system in neoplastic human thyroid tissue. J Clin Endocrinol
Metab. 1983;57:140-7.

. Lazar V, Bidart JM, Caillou B, Mahé C, Lacroix L, Filetti S, et

al. Expression of the Na+/I- symporter gene in human thyroid
tumors: a comparison study with other thyroid-specific genes.
J Clin Endocrinol Metab. 1999;84:3228-34.

. Filetti S, Bidart JM, Arturi F, Caillou B, Russo D, Schlumberger

M. Sodium/iodide symporter: a key transport system in thyroid
cancer cell metabolism. Eur J Endocrinol. 1999;14:443-57.

. Westermark K, Karlsson FA, Westermark B. Epidermal growth

factor modulates thyroid growth and function in culture.
Endocrinology. 1983;112:1680-6.

Fagin JA. How thyroid tumors start and why it matters: kinase
mutants as targets for solid cancer pharmacotherapy. J
Endocrinol. 2004;183:249-56.

Riesco-Eizaguirre G, Santisteban P. Molecular biology of thyroid
cancer initiation. Clin Transl Oncol. 2007;9:686-93.
Burmeister LA, Goumaz MO, Mariash CN, Oppenheimer JH.
Levothyroxine dose requirements for thyrotropin suppression
in the treatment of differentiated thyroid cancer. J Clin
Endocrinol Metab. 1992;75:344-50.

Sawin CT, Geller A, Hershman JM, Castelli W, Bacharach P. The
aging thyroid. The use of thyroid hormone in older persons.
JAMA. 1989;261:2653-5.

Andersen S, Pedersen KM, Bruun NH, Laurberg P. Narrow
individual variations in serum T(4) and T(3) in normal subjects:
a clue to the understanding of subclinical thyroid disease. J
Clin Endocrinol Metab. 2002;87:1068-72.

Goichot B, Sapin R, Schlienger JL. Subclnical hyperthyroidism:
Considerations in defining the lower limit of the thyrotropin
reference interval. Clin Chem. 2009;55:420-4.

Biondi B, Cooper DS. The clinical significance of subclinical
thyroid dysfunction. Endocr Rev. 2008;29:76-131.

Reverter JL. Cancer de tiroides, levotiroxina y masa osea. La
evidencia, la experiencia y tres preguntas. Endocrinol Nutr.
2007;54:237-40.

Klein I, Ojamaa K. Thyroid hormone and the cardiovascular
system. N Engl J Med. 2001;344:501-9.

Fazio S, Palmieri EA, Lombardi G, Biondi B. Effects of thyroid
hormone on the cardiovascular system. Recent Prog Horm Res.
2004;59:31-50.

Murphy E, Williams GR. The thyroid and the skeleton. Clin
Endocrinol (Oxf). 2004;61:285-98.

Reverter JL, Holgado S, Alonso N, Salinas I, Granada ML,
Sanmarti A. Lack of deleterious effect on bone mineral
density of long-term thyroxine suppressive therapy for
differentiated thyroid carcinoma. Endocr Relat Cancer.
2005;12:973-81.



Potential risks of the adverse effects of thyrotropin suppression in differentiated thyroid carcinoma 81

32.

33.

34.

35.

36.

37.

38.

39.

40.

1

42.

43.

44,

45.

46.

47.

48.

49.

Reverter JL, Colomé E, Holgado S, Aguilera E, Soldevila B,
Mateo L, et al. Bone mineral density and bone fracture in male
patients receiving long-term suppressive levothyroxine
treatment for differentiated thyroid carcinoma. Endocrine.
2010;37:467-72.

Heemstra KA, Hamdy NA, Romijn JA, Smit JW. The effects of
thyrotropinsuppressive therapy on bone metabolism in patients
with well-differentiated thyroid carcinoma. Thyroid.
2006;16:583-91.

Van der Cammen TJ, Mattace-Raso F, Van Harskamp F, De Jager
MC. Lack of association between thyroid disorders and
Alzheimer’s disease in older persons: a crosssectional
observational study in a geriatric outpatient population. J Am
Geriatr Soc. 2003;51:884.

Kalmijn S, Mehta KM, Pols HA, Hofman A, Drexhage HA,
Breteler MM. Subclinical hyperthyroidism and the risk of
dementia. The Rotterdam Study. Clin Endocrinol (Oxf).
2000;53:733-7.

Eustatia-Rutten CF, Corssmit EP, Pereira AM, Frolich M, Bax JJ,
Romijn JA, et al. Quality of life in longterm exogenous
subclinical hyperthyroidism and the effects of restoration of
euthyroidism, a randomized controlled trial. Clin Endocrinol
(Oxf). 2006;64:284-91.

Eustatia-Rutten CF, Corssmit EP, Heemstra KA, Smit JW,
Schoemaker RC, Romijn JA, et al. Autonomic nervous system
function in chronic exogenous subclinical thyrotoxicosis and
the effect of restoring euthyroidism. J Clin Endocrinol Metab.
2008;93:2835-41.

Botella-Carretero JI, Alvarez-Blasco F, Sancho J, Escobar-
Morreale HF. Effects of thyroid hormones on serum levels of
adipokines as studied in patients with differentiated thyroid
carcinoma during thyroxine withdrawal. Thyroid. 2006;16:
397-402.

Horne MK, Singh KK, Rosenfeld KG, Wesley R, Skarulis MC,
Merryman PK, et al. Is thyroid hormone suppression therapy
prothrombotic? J Clin Endocrinol Metab. 2004;89:4469-7443.
Brabant G. Thyrotropin suppressive therapy in thyroid
carcinoma: what are the targets? J Clin Endocrinol Metab.
2008;93:1167-9.

. Surks MI, Ortiz E, Daniels GH, Sawin CT, Col NF, Cobin RH, et

al. Subclinical thyroid disease: scientific review and guidelines
for diagnosis and management. JAMA. 2004;291:228-38.

Klein I, Ojamaa K. Thyroid hormone: targeting the vascular
smooth muscle cell. Circ Res. 2001;88:260-1.

Parry CH. Elargement of thyroid gland in connection with
enlargement or palpitation of the heart. Collection from
unpublished papers of the late Caleb Hillier Parry. London:
Welcome Library for the History and Understanding of
Medicine; 1825. p. 111-25.

Boelaert K, Franklyn JA. Thyroid hormone in health and
disease. J Endocrinol. 2005;187:1-15.

Biondi B, Fazio S, Carella C, Amato G, Cittadini A, Lupoli G, et
al. Cardiac effects of long term thyrotropin-suppressive
therapy with levothyroxine. J Clin Endocrinol Metab.
1993;77:334-8.

Biondi B, Fazio S, Palmieri EA, Tremalaterra R, Angellotti G,
Bone F, et al. Effects of chronic subclinical hyperthyroidism
from levothyroxine on cardiac morphology and function.
Cardiologia. 1999;44:443-9.

Shapiro LE, Sievert R, Ong L, Ocampo EL, Chance RA, Lee M, et
al. Minimal cardiac effects in asymptomatic athyreotic patients
chronically treated with thyrotropin-suppressive doses of
L-thyroxine. J Clin Endocrinol Metab. 1997;82:2592-5.

Ching GW, Franklyn JA, Stallard TJ, Daykin J, Sheppard MC,
Gammage MD. Cardiac hypertrophy as a result of long-term
thyroxine therapy and thyrotoxicosis. Heart. 1996;75:363-8.
Mercuro G, Panzuto MG, Bina A, Leo M, Cabula R, Petrini L, et
al. Cardiac function, physical exercise capacity, and quality of

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

life during long-term thyrotropin-suppressive therapy with
levothyroxine: effect of individual dose tailoring. J Clin
Endocrinol Metab. 2000;85:159-64.

Gullu S, Altuntas F, Dincer |, Erol C, Kamel N. Effects of TSH-
suppressive therapy on cardiac morphology and function:
beneficial effects of the addition of betablockade on diastolic
dysfunction. Eur J Endocrinol. 2004;150:655-61.

Smit JW, Eustatia-Rutten CF, Corssmit EP, Pereira AM, Frolich
M, Bleeker GB, et al. Reversible diastolic dysfunction alter
long-term exogenous subclinical hyperthyroidism: a
randomized, placebo-controlled study. J Clin Endocrinol
Metab. 2005;90:6041-7.

Shargorodsky M, Serov S, Gavish D, Leibovitz E, Harpaz D,
Zimlichman R Longterm thyrotropin-suppressive therapy with
levothyroxine impairs small and large artery elasticity and
increases left ventricular mass in patients with thyroid
carcinoma. Thyroid. 2006;16:381-6.

Botella-Carretero JI, Gomez-Bueno M, Barrios V, Caballero C,
Garcia-Robles R, Sancho J, et al. Chronic thyrotropin-
suppressive therapy with levothyroxine and short-term overt
hypothyroidism after thyroxine withdrawal are associated with
undesirable cardiovascular effects in patients with
differentiated thyroid carcinoma. Endocr Relat Cancer.
2004;11:345-56.

Sawin CT, Geller A, Wolf PA, Belanger AJ, Baker E, Bacharach P,
et al. Low serum thyrotropin concentrations as a risk factor
for atrial fibrillation in older persons. Engl J Med. 1994;331:
1249-52.

Auer J, Scheibner P, Mische T, Langsteger W, Eber O, Eber B.
Subclinical hyperthyroidism as a risk factor for atrial
fibrillation. Am Heart J 2001;142:838-42.

Cappola AR, Fried LP, Arnold AM, Danese MD, Kuller LH, Burke
GL, et al. Thyroid status, cardiovascular risk, and mortality in
older adults. JAMA. 2006;295:1033-41.

Parle JV, Maisonneuve P, Sheppard MC, Boyle P, Franklyn JA.
Prediction of allcause and cardiovascular mortality in elderly
people from one low serum thyrotropin result: a 10-year
cohort study. Lancet. 2001;358:861-5.

Gussekloo J, van Exel E, de Craen AJ, Meinders AE, Frolich M,
Westendorp RG. Thyroid status, disability and cognitive
function, and survival in old age. JAMA. 2004;292:2591-9.

Van den Beld AW, Visser TJ, Feelders RA, Grobbee DE, Lamberts
SW. Thyroid hormone concentrations, disease, physical
function, and mortality in elderly men. J Clin Endocrinol
Metab. 2005;90:6403-9.

Walsh JP, Bremner AP, Bulsara MK, O’Leary P, Leedman PJ,
Feddema P, et al. Subclinical thyroid dysfunction as a risk
factor for cardiovascular disease. Arch Intern Med. 2005;165:
2467-72.

Singh S, Duggal J, Molnar J, Maldonado F, Barsano CP, Arora R.
Impact of subclinical thyroid disorders on coronary heart
disease, cardiovascular and all-cause mortality: a meta-
analysis. Int J Cardiol. 2008;125:41-8.

Flynn RW, Bonellie SR, Jung RT, MacDonald TM, Morris AD,
Leese GP. Serum thyroid-stimulating hormone concentration
and morbidity from cardiovascular disease and fractures in
patients on long-term thyroxine therapy. J Clin Endocrinol
Metab. 2010;95:186-93.

Bauer DC, Rodondi N, Stone KL, Hillier TA, Study of
Osteoporotic Fractures Research Group: Universities of
California (San Francisco), Pittsburgh, Minnesota (Minneapolis);
Kaiser Permanente Center for Health Research, Portland.
Thyroid hormone use, hyperthyroidism and mortality in older
women. Am J Med. 2007;120:343-9.

Links TP, van Tol KM, Jager PL, Plukker JT, Piers DA, Boezen
HM, et al. Life expectancy in differentiated thyroid cancer: a
novel approach to survival analysis. Endocr Relat Cancer.
2005;12:273-80.



82

J.L. Reverter, E. Colomé

65.

66.

67.

68.

69.

70.

Al

72.

73.

74.

75.

76.

Eustatia-Rutten CF, Corssmit EP, Biermasz NR, Pereira AM,
Romijn JA, Smit JW. Survival and death causes in differentiated
thyroid carcinoma. J Clin Endocrinol Metab. 2006;91:313-9.
Biondi B, Cooper DS. Benefits of thyrotropin suppression versus
the risks of adverse effects in differentiated thyroid cancer.
Thyroid. 2010;20:135-46.

Christ-Crain M, Morgenthaler NG, Meier C, Muller C,
Nussbaumer C, Bergmann A, et al. Pro-A-type and N-terminal
pro-B-type natriuretic peptides in different thyroid function
states. Swiss Med Wkly. 2005;135:549-54.

Von Recklinhausen F. Die fibrose oder deformiedere ostitis, die
osteomalazie und die osteoplastische karzinose in ihren
gegenseitigen beziehungen. In: Festschrift Rudolf Virchow.
Berlin: George Reimer; 1 1891.

Bassett JH, Williams GR. The molecular actions of thyroid
hormone in bone. Trends Endocrinol Metab. 2003;14:356-64.
Abe E, Marians RC, Yu W, Wu XB, Ando T, Li Y, et al. TSH is a
negative regulator of skeletal remodeling. Cell. 2003;115:
151-62.

. Mosekilde L, Eriksen EF, Charles P. Effects of thyroid hormones

on bone and mineral metabolism. Endocrinol Metab Clin North
Am. 1990;19:35-63.

Eriksen EF, Mosekilde L, Melsen F. Trabecular bone remodeling
and bone balance in hyperthyroidism. Bone. 1985;6:421-8.
Rosen CJ, Adler RA. Longitudinal changes in lumbar bone
density hmong thyrotoxic patients after attainment of
euthyroidism. Clin Endocrinol Metab. 1992;75:1531-4.
Vestergaard P, Rejnmark L, Weeke J, Mosekilde L. Fracture risk
in patients treated for hyperthyroidism. Thyroid. 2000;10:
341-8.

Karga H, Papapetrou PD, Korakovouni A, Papandroulaki F,
Polymeris A, Pampouras G. Bone mineral density in
hyperthyroidism. Clin Endocrinol (Oxf). 2004;61:466-72.
Gorres G, Kaim A, Otte A, Gotze M, Miiller-Brand J. Bone
mineral density in patients receiving suppressive doses of
thyroxine for differentiated thyroid carcinoma. Eur J Nucl
Med. 1996;23:690-2.

77. Giannini S, Nobile M, Sartori L, Binotto P, Ciuffreda M, Gemo G,

78.

79.

80.

81.

82.

83.

84.

et al. Bone density and mineral metabolism in thyroidectomized
patients treated with long-term L-thyroxine. Clin Sci (Lond).
1994;87:593-7.

Franklyn JA, Betteridge J, Daykin J, Holder R, Oates GD, Parle
JV, et al. Long-term thyroxine treatment and bone mineral
density. Lancet. 1992;4:9-13.

Lehmke J, Bogner U, Felsenberg D, Peters H, Schleusener H.
Determination of bone mineral density by quantitative
computed tomography and single photon absorptiometry in
subclinical hyperthyroidism: a risk of early osteopaenia
in postmenopausal women. Clin Endocrinol (Oxf). 1992;36:
511-7.

Ribot C, Tremollieres F, Pouilles JM, Louvet JP. Bone mineral
density and thyroid hormone therapy. Clin Endocrinol (Oxf).
1990;33:143-53.

Diamond T, Nery L, Hales I. A therapeutic dilemma: suppressive
doses of thyroxine significantly reduce bone mineral
measurements in both premenopausal and postmenopausal
women with thyroid carcinoma. J Clin Endocrinol Metab.
1991;72:1184-8.

Paul TL, Kerrigan J, Kelly AM, Braverman LE, Baran DT. Long-
term L-thyroxine therapy is associated with decreased hip
bone density in premenopausal women. JAMA 1988;259:3137-
1341.

Hawkins F, Rigopoulou D, Papapietro K, Lopez MB. Spinal bone
mass after longterm treatment with L-thyroxine in
postmenopausal women with thyroid cancer and chronic
lymphocytic thyroiditis. Calcif Tissue Int. 1994;54:16-9.

Rosen HN, Moses AC, Garber J, Ross DS, Lee SL, Ferguson L, et
al. Randomized trial of pamidronate in patients with thyroid

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

cancer: bone density is not reduced by suppressive doses of
thyroxine, but is increased by cyclic intravenous pamidronate.
J Clin Endocrinol Metab. 1998;83:2324-30.

Jodar E, Begona Lopez M, Garcia L, Rigopoulou D, Martinez G,
Hawkins F. Bone changes in pre- and postmenopausal women
with thyroid cancer on levothyroxine therapy: evolution of
axial and appendicular bone mass. Osteoporosis Int. 1998;
8:311-6.

Kung AW, Yeung SS. Prevention of bone loss induced by
thyroxine suppressive therapy in postmenopausal women: the
effect of calcium and calcitonin. J Clin Endocrinol Metab.
1996;81:1232-6.

Pioli G, Pedrazzoni M, Palummeri E, Sianesi M, Del Frate R,
Vescovi PP, et al. Longitudinal study of bone loss after
thyroidectomy and suppressive thyroxine therapy in
premenopausal women. Acta Endocrinol (Copenh). 1992;
126:238-42.

McDermott MT, Perloff JJ, Kidd GS. A longitudinal assessment
of bone loss in women with levothyroxine-suppressed benign
thyroid disease and thyroid cancer. Calcif Tissue Int.
1995;56:521-5.

Faber J, Gallge. Changes in bone mass during prolonged
subclinical hyperthyroidism due to L-thyroxine treatment: a
meta-analysis. Eur J Endocrinol. 1994;130:350-6.

Uzzan B, Campos J, Cucherat M, Nony P, Boissel JP, Perret GY.
Effects on bone mass of long term treatment with thyroid
hormones: a meta-analysis. J Clin Endocrinol Metab. 1996;81:
4278-89.

Schneider R, Reiners C. The effect of levothyroxine therapy on
bone mineral density: a systematic review of the literature.
Exp Clin Endocrinol Diabetes. 2003;111:455-70.

Bauer DC, Ettinger B, Nevitt MC, Stone KL, Study of
Osteoporotic Fractures Research Group. Risk for fracture in
women with low serum levels of thyroidstimulating hormone.
Ann Intern Med. 2001;134:561-8.

Bauer DC, Nevitt MC, Ettinger B, Stone K. Low thyrotropin
levels are not associated with bone loss in older women: a
prospective study. J Clin Endocrinol Metab. 1997;82:2931-6.
Leese GP, Jung RT, Guthrie C, Waugh N, Browning MC. Morbidity
in patients on L-thyroxine: a comparison of those with a
normal TSH to those with a suppressed TSH Clin Endocrinol
(Oxf). 1992;37:500-3.

Grabe HJ, Volzke H, Lidemann J, Wolff B, Schwahn C, John U,
et al. Mental and physical complaints in thyroid disorders in
the general population. Acta Psychiatr Scand. 2005;112:
286-93.

Larisch R, Kley K, Nikolaus S, Sitte W, Franz M, Hautzel H, et
al. Depression and anxiety in different thyroid function states.
Horm Metab Res. 2004;36:650-3.

Botella-Carretero JI, Galan JM, Caballero C, Sancho J, Escobar-
Morreale HF. Quality of life and psychometric functionality in
patients with differentiated thyroid carcinoma. Endocr Relat
Cancer. 2003;10:601-10.

Tagay S, Herpertz S, Langkafel M, Erim Y, Freudenberg L,
Schopper N, et al. Health-related quality of life, anxiety and
depression in thyroid cancer patients under short-term
hypothyroidism and TSH-suppressive levothyroxine treatment.
Eur J Endocrinol. 2005;153:755-63.

Squizzato A, Romualdi E, Biiller HR, Gerdes VE. Clinical review:
Thyroid dysfunction and effects on coagulation and fibrinolysis:
a systematic review. J Clin Endocrinol Metab. 2007;92:
2415-20.

Botella-Carretero JI, Prados A, Manzano L, Montero MT,
Escribano L, Sancho J, et al. The effects of thyroid hormones
on circulating markers of cellmediated immune response, as
studied in patients with differentiated thyroid carcinoma
before and during thyroxine withdrawal. Eur J Endocrinol.
2005;153:223-30.



Potential risks of the adverse effects of thyrotropin suppression in differentiated thyroid carcinoma 83

101.

102.

103.

Reverter JL, Colomé E, Puig Domingo M, Julian T, Halperin I,
Sanmarti A Clinical endocrinologists’ perception of the
deleterious effects of TSH suppressive therapy in patients with
differentiated thyroid carcinoma. [Article in Spanish].
Endocrinol Nutr. 2010;57:350-6. PMID: 20594598.

Mazzaferri EL, Massoll N. Management of papillary and
follicular (differentiated) thyroid cancer: new paradigms using
recombinant human thyrotropin. Endocr Relat Cancer.
2002;9:227-47.

Hundahl SA, Cady B, Cunningham MP, Mazzaferri E, McKee RF,
Rosai J, et al. Initial results from a prospective cohort study of
5583 cases of thyroid carcinoma treated in the united states
during 1996. U. S. and German Thyroid Cancer Study Group.
An American College of Surgeons Commission on Cancer
Patient Care Evaluation study. Cancer. 2000;89:202-17.

104.

105.

106.

107.

108.

Jonklaas J, Sarlis NJ, Litofsky D, Ain KB, Bigos ST, Brierley JD,
et al. Outcomes of patients with differentiated thyroid
carcinoma following initial therapy. Thyroid. 2006;16:
1229-42.

Cooper DS. TSH suppressive therapy: an overview of long-term
clinical consequences. Hormones (Athens). 2010;9:57-9.
Lameloise N, Siegrist-Kaiser C, O’Connell M, Burger A.
Differences between the effects of thyroxine and
tetraiodothyroacetic acid on TSH suppression and cardiac
hypertrophy. Eur J Endocrinol. 2001;144:145-54.

Sherman SI, Gopal J, Haugen BR, Chiu AC, Whaley K, Nowlakha
P, et al. Central hypothyroidism associated with retinoid X
receptor-selective ligands. N Engl J Med. 1999;340:1075-9.
Galofré JC. Manejo del cancer de tiroides en Espafa.
Endocrinol Nutr. Endocrinol Nutr. 2010;57:347-9.



