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Learning Objectives Describe the impact of hypothyroidism in patients with cancer.

Identify options for managing hypothyroidism in patients with cancer.

/ABSTRACT

Hypothyroidism is a common disease that is easily treated
in the majority of cases, when readily diagnosed; however,
presentation of an aggregate of its symptoms is often clinically
overlooked or attributed to another disease and can po-
tentially be lethal. Already prevalent in older women, its
occurrence in younger patients is rising as a result of radiation
therapy, radioactive iodine therapy, and newer antineoplastic
agents used to manage various malignancies. The presence of
nonspecific constitutional symptoms and neuropsychiatric
complaints in cancer patients can be attributed to a myriad of
other diagnoses and therapies. Thyroid dysfunction can be
easily overlooked in cancer patients because of the complexity

of cancer’s clinical picture, particularly in the pediatric pop-
ulation. Underdiagnosis can have important consequences for
the management of both hypothyroidism and the malignancy.
At minimum, quality of life is adversely affected. Untreated
hypothyroidism can lead to heart failure, psychosis, and coma
and can reduce the effectiveness of potentially life-saving
cancer therapies, whereas iatrogenic causes can provoke atrial
fibrillation and osteoporosis. Consequently, the diagnosis and
treatment of hypothyroidism in cancer patients are pertinent.
We summarize the history, epidemiology, pathophysiology,
clinical diagnosis, and management of hypothyroidism in cancer
patients. The Oncologist 2014;19:34-43

Implications for Practice: Clinicians should be aware of the role that hypothyroidism can play in the diagnosis, treatment, and
recovery of cancer. Because the myriad of symptoms associated with hypothyroidism can easily be attributed to the initial
malignancy, to chemotherapy or radiation therapy, or to cancer recurrence, it is easy to miss the diagnosis of hypothyroidism.
Timely diagnosis and treatment is necessary to minimize the complications of hypothyroidism, to optimize cancer therapy, and to
minimize recurrence. We highlight newer therapies associated with hypothyroidism and the negative impact that hypothyroidism

can have in patients with a malignancy.

INTRODUCTION

Hypothyroidism is the most common hormone deficiency. The
severity of hypothyroidism varies significantly, and it has
avariety of end organ effects. Because of both the nonspecific
symptoms of hypothyroidism and the similar symptoms and
morbidities associated with malignancies and their treatment,
hypothyroidism can often go undiagnosed and untreated in
patients with cancer. Failure to adequately manage both overt
and subclinical hypothyroidism can have serious consequen-
ces, hence the recognition of its presence is crucial for the
successful treatment of cancer patients. Hypothyroidism is
commonly noted in older women because of the prevalence of
autoimmune thyroiditis. Younger women and men are now
being diagnosed secondary to other important causes,
including previous thyroid, brain, and spinal cord surgery

and irradiation and medications. Hypothyroidism is easily
treated with thyroxine (T4) replacement. Unfortunately,
suboptimal dosing is common. This review summarizes
the current understanding of the history, epidemiology,
pathophysiology, and clinical diagnosis and management of
hypothyroidism.

HisTORY

Gullinitially described previously healthy women who acquired
clinical features of cretinism in 1874, and the term “myxedema”
was coined by Ord in 1878 to describe a syndrome in women
with coarse features, dry skin, mental dullness, hypothermia,
and edema [1]. At the same time, Kocher and Reverdin
independently described development of a cretin-like state
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after thyroid resection, termed “cachexia strumipriva” [1].
Autoimmune thyroiditis was not described until 1912, when
Hashimoto noted women with struma lymphomatosa, goiters
that appeared to turn into lymphoid tissue [2]. It was not until
1956 when Campbell et al. noted the presence of circulating
thyroid antibodies in association with autoimmune thyroiditis
[3]. Initially treated with sheep thyroid extract, thyroid hormone
was initially crystallized by Kendall in 1914 [4], with Harington
and Barger synthesizingitin 1927 [5]. Discovered in 1952 by Gross
and Pitt-Rivers [6], tri-iodothyronine (T3) was not found to be
endogenously generated from T4 until more than a decade later,
when described by Braverman et al. [7]. Finally, the diagnosis of
hypothyroidism became possible when Mayberry et al. described
the use of thyrotropin (TSH) immunoassays in 1971 [8].

DEFINITIONS

Hypothyroidism is an underactive thyroid gland resulting in
retardation of growth and mental development, that occurs
when (a) the gland fails to produce enough T4 to meet the
body’s needs, (b) the body fails to convert a sufficient amount
of T4 to T3 in peripheral tissues, or (c) the nervous system fails
to stimulate the thyroid gland. This insufficient amount of
hormone slows life-sustaining body processes, damages
organs and tissues throughout the body, and can result in
life-threatening complications. Hypothyroidism is classified
based onthe timing of its presentation, the level of endocrine
dysfunction, and its severity. In primary hypothyroidism, the
serum TSH level is elevated, and the distinction between
overt and mild (subclinical) disease is determined biochemi-
cally by notingthe free T4 concentrationin the serum. Central
hypothyroidism is a reduction in circulating thyroid hormone
resulting from inadequate stimulation of a normal thyroid
gland by TSH. It is considered to be secondary if pituitary
disease is present. Myxedema refers to patients with overt
hypothyroidism that is severe and/or complicated. Cretinism
occurs in untreated congenital hypothyroidism when the
patient presents with mental retardation, short stature,
deafness, and facial deformities.

EPIDEMIOLOGY

Hypothyroidism is a common disorder, especially in women,
withtheincidence increasing with age. Primary disease is more
common than secondary (1,000:1), hence serum TSH levels
have been used to estimate its prevalence in different
populations. The Whickham study reported high serum TSH
levels in 7.5% of women and 2.8% of men in the United
Kingdom [9], and the Third National Health and Nutrition
Examination Survey found 4.6% of Americans with elevated
levels, with only 0.3% having overt hypothyroidism and 4.3%
having subclinical disease [10]. Traditionally noted to be more
prevalent in whites, compared with Hispanics and blacks,
controversies surrounding possible ethnic differences in TSH
levels and its diagnostic reference range warrant evaluation in
all patients in whom there is suspicion. Patient populations
with a higher risk than the general population of developing
hypothyroidism include patients with a family history of
autoimmune thyroid disorders; postpartum women; patients
with a history of previous head and neck or thyroid irradia-
tion or surgery; those with other autoimmune endocrine
disorders; and patients treated with irradiation and certain
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chemotherapy drugs for cranial and spinal, thyroid, and
gastrointestinal cancers [11-18].

ETIOLOGY

Autoimmune Thyroiditis

Hashimoto'’s thyroiditis is the most prevalent acquired thyroid
disorder and the most common cause of hypothyroidismin the
U.S. Present in 4%—9.5% of the adult population, it is seven
times more common in women, with the incidence increasing
during middle age [9, 10, 19, 20]. Pathogenesis is supported by
histologic evidence of lymphocytic infiltration of the thyroid
gland and fibrous replacement of the thyroid parenchymal
tissue, resulting in gradual gland destruction. Complement
activation and antibody-dependent cell cytotoxicity result
from the presence of thyroid peroxidase antibodies [21].
Despite their prevalence in patients with hypothyroidism, little
evidence shows that these antibodies play a vital role in the
pathogenesis of Hashimoto’s thyroiditis. The current belief is
that T-cell-mediated cytotoxicity and apoptosis pathways have
more of an influence on the outcome of this disease. The
affected thyrocytes express major histocompatibility complex
class Il proteins necessary for CD4 T lymphocytes and activated
CD4 T cells specific for thyroid antigens. The genetic pre-
disposition results from an autosomal dominant inheritance
of the autoantibodies [22]. Depending on the variant present,
the gland can be nonpalpable, diffusely enlarged with a firm
consistency, irregularly contoured, hard and markedly en-
larged, or even tender and painful [23—-25]. Clinically, these
patients are hypothyroid or euthyroid or have transient
thyrotoxicosis followed by hypothyroidism (Hashitoxicosis).
Autoimmune hypothyroidism can arise in conjunction with
other endocrine deficiencies, including hypoparathyroidism,
adrenal insufficiency, diabetes mellitus, chronic mucocutane-
ous candidiasis, primary ovarian failure, or other autoimmune
diseases including Sjogren’s syndrome, pernicious anemia,
vitiligo, atrophic gastritis, and systemic sclerosis [26].

Acquired Primary Hypothyroidism

In other parts of the world, iodine deficiency remains an
important cause of hypothyroidism. Other common causes
include thyroid resection, radioiodine therapy, and drugs such
as lithium, thionamide, interferon, and rifampicin. Although
hypothyroidism is inevitable after total thyroidectomy for
malignancy or Graves’ disease, hypothyroidism can also occur
after lobectomy or a Sistrunk procedure for benign thyroid
nodules or thyroglossal duct remnant [27, 28]. External beam
radiotherapy for head and neck malignancy, radioactive iodine
therapy for thyrotoxicosis, environmental radioiodine expo-
sure, and experimental use of radioiodinated immunoglobu-
lins for cancer treatment all have hypothyroidism as a
complication [16, 29-31]. Exposure to other toxins, including
rescorcinol and polybrominated and polychlorinated bi-
phenyls, has also been reported to cause hypothyroidism.
Last, patients with hemochromatosis are at risk from iron
infiltration of the thyroid gland [32].

Hypothyroidism Resulting From Medications
Several medications have been linked to interference with
thyroid hormone production or to provoking autoimmunity
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Table 1. Pharmacologic agents that affect thyroid function

Hypothyroidism After Cancer

Table 2. Medications that affect serum levothyroxine levels

Function

Agent

Function Agent

Inhibition of thyroxine/
tri-iodothyronine synthesis

Inhibition of thyroxine/
tri-iodothyronine secretion

Thyroiditis

Jod-Basedow hyperthyroidism

Thyrotropin suppression

Thyrotropin elevation

Displacement from thyroxin
binding protein

Methimazole
Propylthiouracil

Aminoglumethide
Amiodarone
lodine

Lithium
Amiodarone
Interferon
Interleukin-2
Sunitinib
Amiodarone
lodide

Carbamazepine
Dopamine agonists
Glucocorticoids
Metformin

Rexinoids
Somatostatin analogs

Metyrapone

Furosemide
Heparin

Nonsteroidal anti-inflammatory
medications

Phenytoin

Probenicid

to the thyroid (Tables 1 and 2). Pharmacologic quantities of
iodine achieved in patients treated with amiodarone, Lugol
solution, saturated solution of potassium iodide, and denileu-
kin diftitox can inhibit thyroid hormone production and cause
hypothyroidism. Amiodarone-induced hypothyroidism occurs
in 15%—20% of patients treated with amiodarone [33].
Amiodarone usually causes thyroid hormone discharge from
the damaged gland in patients with chronic autoimmune
thyroiditisandresultsin both hypo-and hyperthyroidism.The
effects of amiodarone are usually transient, hence with-
drawal is not necessary.

Improved cancer survival and clinical response to
treatment with interleukin-2 has been noted in
patients with melanoma, renal cell carcinoma, glio-
mas, and indolent breast cancer. In these instances,
the presence of hypothyroidism is a marker of
remission, improved treatment response, and de-
creased tumor growth.

Hypothyroidism Resulting From Radiation

Thyroid iatrogenic sequelae can occur after the treatment
of cancers, most notably pediatric malignancies. A late side
effect of curative radiotherapy in the head and neck region
is hypothyroidism. The pathophysiology of radiation-induced
thyroid damage is multifactorial. Radiation inhibits follicular
epithelial function and progressively alters the endothelium,
resultingin cell degeneration and necrosis, follicular disruption
and vascular degeneration and thrombosis, acute and chronic
inflammation, fibrous organization, and partial epithelial
regeneration [34, 35]. The cytotoxic 3 radiation released
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Inhibition of absorption Aluminum hydroxide
Calcium

Colestipol
Colestyramine

Iron

Raloxifene
Sucralfate

Carbamazepine
Phenobarbital

Phenytoin

Rexinoids

Rifampin

Tyrosine kinase inhibitors

Increased hepatic metabolism

Decreased hepatic metabolism Metformin

Glucocorticoids
lodide
Methimazole
Propylthiouracil

5’ Deoidinase inhibition

Increased thyroxine binding
globulin levels

Estrogen
Fluorouracil
Methadone
Mitotane
Raloxifene
Tamoxifen

Decreased thyroxine binding
globulin levels

Androgens
Glucocorticoids
Nicotinic acid

during iodine 131 isotopic decay directly damages the
thyrocytes and small thyroid vessels and leads to atheroscle-
rosis in larger vessels. Even though radiotherapy can result in
several thyroid dysfunctions, primary hypothyroidism is the
most common, occurring an average of 2-7 years after
treatment, in a dose-dependent manner [16, 36, 37]. Several
studies have demonstrated that the risk is proportionate to the
dose of radiation, with neck, mantle, C2-T2 spine, brain stem,
Waldeyer’s ring and neck, supraclavicular and nasopharyngeal
regions, and total body irradiation carrying the highest risk
[38—42]. The development of hypothyroidism in older breast
cancer survivors is fairly common because a portion of the
thyroid gland can be included in the treatment field; however,
supraclavicular irradiation does not amplify risks. The in-
cidence of hypothyroidism is as high as 30%—-50% in patients
treated with radiation for a head and neck malignancy or
Hodgkin’s disease [40, 41, 43, 44].

Hypothyroidism Related to Chemotherapy

Some malignancies known to be resistant to radiation and
traditional chemotherapeutic agents have exhibited improved
survival and tumor burden with newer therapies, such as
specific tyrosine kinase inhibitors. These new pharmacologic
agents have proven beneficial in metastatic melanoma, renal
cell carcinoma, and advanced gastrointestinal stromal tumors;
however, cases of both transient and profound hypothyroid-
ism have been reported in 25%-70% of patients [45-48]
(Table 3). Sunitinib (sunitinib malate, Sutent; Pfizer, New York,
NY, http://www.pfizer.com), the standard of care in first-line
treatment of advanced renal cell carcinoma, is also approved
for the treatment of imatinib-refractory gastrointestinal
stromal tumors. Reported rates of hypothyroidism range from
4% to 27%; however, the exact mechanisms remain unclear
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Table 3. Chemotherapeutic agents associated with
hypothyroidism

Protein kinase inhibitors Others
Sunitinib Tostumomoab
Imatinib Betaroxine
Cediranib Interleukin-2
Dastinib Bexarotene
Nilotinib

[49-51].The strongest possibility is its antiangiogenic effect by
inhibition of vascular endothelial growth factor signaling and/
or impaired blood flow by reduced vascularity and capillary
regression. In the presence of levothyroxine therapy, imatinib
elevates TSH levels by increasing the deiodination and con-
jugation of T3 and T4, increasing their renal clearance and
causing clinical hypothyroidism. The symptoms of overt hy-
pothyroidism and the return of TSH to reference range in
patients treated with imatinib and levothyroxine after
thyroidectomy for medullary thyroid cancer resolved within
weeks of imatinib withdrawal [52]. Although not as prevalent,
other tyrosine kinase inhibitors and vascular endothelial
growth factor receptor blockers have demonstrated a high
incidence of clinical hypothyroidism. Forty-five percent of
patients treated with cediranib for solid tumors developed
hypothyroidism, whereas patients with chronic myelogenous
leukemia had reported incidence of hypothyroidism of 13%
and 22%, respectively, after being treated with imatinib,
dastinib, and nilotinib [53, 54].

Improved cancer survival and clinical response to
treatment with interleukin-2 has been noted in patients
with melanoma, renal cell carcinoma, gliomas, and indolent
breast cancer [55-58]. In these instances, the presence of
hypothyroidism is a marker of remission, improved treat-
ment response, and decreased tumor growth. The positive
aspect is treatment of the malignancy, but consequences of
the resultant hypothyroidism include difficulty in distin-
guishing the origin of the symptoms and, if hypothyroidism
goes unrecognized and untreated, can be life threatening;
myxedema coma and cardiac compromise can occur, as has
been shown in association with sunitinib [59-61]. Other
medications being investigated for use in lung, breast and
thyroid malignancies, T-cell lymphoma, non-Hodgkin’s lym-
phoma, pheochromocytoma, and carcinoid and neuroblas-
toma have also demonstrated a significant incidence of
hypothyroidism. Bexarotene, a selective retinoid X receptor
agonist, alters cell growth and differentiation as well as
apoptosis by forming heterodimers with the thyroid hormone
receptor inside the nucleus. A reported 40%—100% of patients
have TSH suppression within 8 hours of treatment, without
thyroid stimulation [62], whereas the CD20 antibody tositu-
momab results in a later occurrence (6—24 months after
therapy) when combined with iodine 131 [63—65].

Transient Hypothyroidism

Subacute (de Quervain’s) thyroiditis and postpartum thyroid-
itis usually result in transient hypothyroidism. Treatment with
certain medications, including amiodarone and sunitinib, can
also result in transient episodes. Seventy-five percent to 85%
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of patients with de Quervain’s and postpartum thyroiditis
regain normal thyroid function with supportive therapy, without
thyroid hormone supplementation treatment [1].

Central (Secondary) Hypothyroidism
Central hypothyroidism is acquired when diseases interfere
with hypothalamic TSH-releasing hormone (TRH) production
or its delivery by the pituitary stalk to the anterior pituitary
gland or with pituitary TSH production. Radiotherapy, surgery,
and pituitary adenomas are the most common causes [66].
Radiation therapy for cranial and spinal malignancies, head
and neck cancers, and lymphomas attenuate the production
of TRH or TSH. Germinomas, gliomas, and meningiomas can
impinge on the hypothalamus, whereas craniopharyngiomas
and chordomasimpinge on the pituitary stalkin the suprasellar
region. Trauma resulting in transection of the pituitary stalk or
hemorrhage can interrupt TRH delivery, whereas sarcoidosis,
hemochromatosis, and Langerhans’ cell histiocytosis can
impair hypothalamic TRH production [67—69]. Other rare
entities that can affect pituitary thyrotrope functioninclude
lymphocytic hypophysitis, infection, metastases, apoplectic
infarction, and the retinoid X receptor-selective ligand
betaroxine [70]. Traditional chemotherapy administered with-
out radiation for the treatment of leukemia and lymphoma
rarely results in thyroid disorders; however, in a small pediatric
series, Baronio et al. noted the presence of TRH suppression
after chemotherapy treatment for acute lymphoblastic leuke-
mia, with 33% of the patients having a concomitant decrease in
free T4 [71].

Traditional chemotherapy administered without
radiation for the treatment of leukemia and lymphoma
rarely results in thyroid disorders; however, in a small
pediatric series, Baronio et al. noted the presence
of TRH suppression after chemotherapy treatment
for acute lymphoblastic leukemia, with 33% of the
patients having a concomitant decrease in free T4.

PATHOPHYSIOLOGY

Clinical hypothyroidism is a pervasive deficit in thyroid
hormone actions, leading to the alteration of calorigenesis
and oxygen consumption throughout the body and organ-
specific effects. Deficiency of T3 actions at the genomic level
cause hormonal, biochemical, ion-transport, and mechanical
changesintargettissues.T4isthe principal hormone produced
by the thyroid gland andin circulation. Monodeiodination of its
outer ring in both the cytoplasm and nucleus of target tissues
converts it to T3 by the function of three tissue-specific
deiodinases [72]. The actions of T3 are mediated by its binding
toone of three receptor isoforms (TR,1, TRg1, and TRg,), which
in turn form dimers with another T3 receptor or with other
nuclear receptors. Subsequent DNA binding with specific
orientations occurs at the 5’ regulatory regions of thyroid
hormone-responsive genes to either activate or repress
transcription [73]. Based on this genetic description, some
clinical manifestations are understood at the molecular level,
including short stature as a result of failure to stimulate the
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Table 4. Commonly presenting symptoms of hypothyroidism

Hypothyroidism After Cancer

Early Late

Children and teens

Cold sensitivity
Depression Hoarse voice
Constipation
Fatigue Slowed speech
Menorrhagia Skin thickening
Joint and/or muscle pain Bradycardia
Dry skin Slowed mentation
Thin/brittle hair and nails

Weakness

Unintentional weight gain

Decreased sense of taste and smell

Facial and/or extremity edema

Jaundice

Choking

Large, protruding tongue

Puffy face

Failure to thrive

Constipation

Excessive sleeping

Poor muscle tone

Mental and physical developmental delay

growth hormone gene in pituitary somatotrophs, decreased
low-density lipoprotein (LDL) cholesterol clearance because of
a deficit in the expression of the hepatic LDL receptor gene
regulated by sterol regulatory element binding transcription
factor 2 and impaired diastolic and systolic ventricular
function resulting from decreased myocardial sarcoplasmic
reticulum ATPase and a-myosin heavy chain expression. T3
also regulates cellular uptake of glucose and amino acids,
augments cardiomyocyte calcium-ATPase activity, and alters
adenosine triphosphate generation by the mitochondria [74].
As novel therapies continue to be identified for the treatment
of neuroendocrine malignancies, hypothyroidism may also
result because of the interaction of thyroid hormone with G
protein-coupled membrane receptors and the mitogen ac-
tivated protein kinase pathways.

DIAGNOSIS

Signs and Symptoms

Common clinical features associated with hypothyroidism are
tiredness and fatigue, weight gain, dry skin, cold intolerance,
constipation, muscle weakness, facial edema, hoarse voice,
and poor memory (Table 4). These symptoms can be presentin
other diseases, including malignancy, and can be side effects
of cancer therapies. The Colorado study showed a range of
2.9%—-24.5% sensitivity for individual symptoms, with the
likelihood of the presence of the disease being proportional to
the number of symptoms but including the inability to exclude
the diagnosis in the absence of symptoms [19, 75]. These
symptoms are not disease specific and are common in the
euthyroid population as well as the cancer population.
Symptoms that are new or occur in combination are more
likely to indicate hypothyroidism. In children and adoles-
cents, additional presentations include growth failure with
delayed bone maturation, slipped capital femoral epiphysis,
delayed eruption of permanent teeth, anemia, muscle pseudo-
hypertrophy, pituitary enlargement, galactorrhea, and delayed
or precocious puberty [76-81].

Atypical Clinical Presentation

In rare instances, patients can present with hypothermia,
congestive heart failure, pericardial and pleural effusions, ileus
orintestinal pseudo-obstruction, or coagulopathy [82—89].The
association of hypothyroidism with neurocognitive deficits
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should not be taken lightly. Memory deficits are common, and
hypothyroidism must be included in the differential diagnosis
when evaluating elderly patients with dementia [90]. The
most common psychiatric disorder associated with hypothy-
roidismis depression. Other neurologic manifestations, more
commonly noticed in patients with severe hypothyroidism
or myxedema, include psychosis, ataxia, seizures, and coma
[91-94].

Laboratory Diagnosis

The first-line diagnostic test for hypothyroidism is serum TSH,
also known as TSH measurement [95, 96]. Elevated levels
identify patients with primary hypothyroidism, regardless of
the cause or severity. Normal levels in disease-free individuals
range from 0.4 mIU/L to 4.0 mIU/L, in a logarithmic dis-
tribution, with a mean of 1.5 mlU/L [10]. In recent years,
controversies surrounding the TSH reference range have
surfaced. In the general population, TSH is not normally
distributed because >95% of healthy individuals have a TSH
level of <2.5 mIU/L, suggesting that the upper limit of the
reference range is skewed by occult thyroid dysfunction [97].In
pregnancy, trimester-specific reference ranges are now used to
assess thyroid function, and when not available, the upper limit
of normal in the first trimesteris 2.5 mIU/Land 3 mIU/Lin later
trimesters [98, 99]. Age and ethnicity are known to influence
TSH distribution, with blacks having a lower TSH level on
average. Consequently, the use of age- and race-standardized
TSH reference ranges has been suggested [100]. Even with the
suggestion of lowering the upper limit of the reference range
from 4.5 mIU/L to 2.5 mIU/L, the variation within an individual
is narrower than it is in the general population, supporting the
concept of individualized reference ranges [101-104].

TREATMENT

Levothyroxine Sodium

There is consensus that levothyroxine sodium (also known as
L-thyroxine) is beneficial in the treatment of clinical (overt)
hypothyroidism, despite the lack of a systematic review or
randomized control trial comparing levothyroxine and pla-
cebo. In comparison to its combination with liothyronine,
there is moderate-quality evidence that levothyroxine is as
effective at reducing body pain, fatigue, anxiety, cognitive
function, and depression and improves quality of life [105].
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Hyperthyroidism can also occur as a result of overdosing.
Pertinent side effects can occur if TSH is suppressed and
include a reduction in bone mass in postmenopausal women
and the development of atrial fibrillation. There is no evidence
of anincreased fracture rate.The optimum daily dose is related
to body weight (approximately 1.8 ug/kg in adults) and age,
with children and older adults requiring lower doses (0.5 ug/
kg) [106, 107]. Supplementation requirements are lower for
those patients with autoimmune disease because they have
some remaining residual functioning thyroid tissue. Patients
with gastrointestinal disorders or previous small bowel bypass
surgery and those taking certain medications and on certain
diets including calcium carbonate, cholestyramine, sucralfate,
dietary soy, and fiber have higher requirements as a result of
decreased absorption. Patients with autoimmune thyroiditis
and absorption difficulty can have serum TSH, free T4, and free
T3 levels monitored on a regular basis (every 6—-8 weeks) to
guide therapy and minimize symptoms.

Liothyronine

Liothyronine (T3) is the active form of thyroid hormone in the
peripheral tissues. Because of its short half-life, the usual dose
isthree times a day to achieve a target TSH of 0.5-1.5 mIU/L. In
a small randomized, double-blind, crossover trial, Celi et al.
noted improved lipid profiles and reduced body weight after 6
weeks of therapy but no difference in cardiovascular function
or quality of life scores compared with patients prescribed
levothyroxine [108]. Despite having a serum TSH within the
reference range, many patients on levothyroxine do not
achieve a ratio of physiologic free T3 to free T4. In addition,
rodent studies have shown that all tissues do not achieve
adequate levels of T3 with T4 replacement, whereas a
combination of levothyroxine and tri-iodothryonine does
[109-111]. Taking into consideration that the current formu-
lation of tri-iodothryonine does not result in a normal
physiologic profile and the associated fluctuations in free T3
levels, treatment with T3 alone or in combination may be
effective only in a subgroup of patients.

Desiccated Pig Thyroid Extract

Desiccated pig thyroid extract (Armour Thyroid; Forest
Laboratories, Inc., New York, NY, http://www.armourthyroid.
com/) contains both T4 and tri-iodothryonine in a supra-
physiologic ratio of 4 to 1. This eliminates the need to take
multiple daily doses of medication. No evidence exists to show
its efficacy over levothyroxine.

Monitoring Thyroid Function During Treatment

Serum TSH is measured 6—-8 weeks after initiation of or a
change in levothyroxine dose. Once a stable dose is achieved,
annual monitoring is recommended. Supplementation is
adequate when serum TSH is in the lower half of the normal
range, <2.5 mIU/L but no lower than 0.1 mIU/L, to avoid
adverse skeletal health [1, 112].

Post-Thyroidectomy Management for Follicular
Thyroid Cancer

TSH suppression after thyroidectomy for follicular and papillary
thyroid cancers (differentiated thyroid cancer) is crucial in
minimizing and monitoring recurrence. This is especially
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pertinent in patients with lymphadenopathy or metastatic
disease. Patients are either administered 0.9 mg recombi-
nant human TSH for 2 days or exposed to 2 weeks of thyroid
hormone withdrawal prior to radioactive iodine therapy and
are subsequently maintained on thyroid hormone supple-
mentation to suppress TSH levels. The optimal degree of
suppression continues to be debated; however, it is has
been shown that maintaining undetectable thyroglobulin
levels (<1.0 wg/L) with T4 decreases recurrence [113-115].
Inadequate T4 supplementation and TSH suppression can
place the patient in subclinical or overt hypothyroidism, with
dire consequences including cardiac disease and recurrence of
the malignancy. In the pediatric population, adequate thyroid
supplementation is pertinent because overt hypothyroidism
can delay or retard both physical and mental development.

CONTROVERSIES IN DIAGNOSIS AND MANAGEMENT

Thyroid hormone has convenient pharmacokinetic properties,
a high degree of effectiveness, and a small risk of adverse
reactions. The majority of general and specialty practitioners
routinely prescribe levothyroxine and only evaluate serum TSH
levels. This results in 20% of patients receiving an inadequate
dose and 20% given an excessive amount of medication [1].
Most physiciansinitiate treatment with adose at the lower end
of the anticipated requirement of 1.6 ug/kg per day. Differ-
ences in management include initiation at the full dose versus
titration up from a low dose, the addition of T3 in the presence
of persistent symptoms, monitoring free T4 and free T3 as well
as TSH, and treatment of patients with subclinical hypothy-
roidism. Even adequately treated hypothyroid patients
have constitutional and neuropsychological symptoms and
a decreased sense of well-being compared with euthyroid
individuals.

It is well known that the magnitude of replacement or
suppressive doses of levothyroxine is based on body weight
and is affected by gender, weight, cause of hypothyroidism,
other medications, comorbidities, diet, and etiology (malig-
nancy vs. autoimmune disease). Estimates based on body
weight range from 1.6 ug/kg to 2.56 ug/kg [116-118];
however, patients may not fall within this range, especially
those with persistent symptoms and other comorbidities.
llinesses including malignancies and those requiring critical
care intervention not only can mask the symptoms, and hence
the diagnosis, of hypothyroidism but also can affect thyroid
hormone metabolism. Recent studies suggest body massindex
(BMI)asthe optimal tool, as opposed to weight, in determining
the appropriate dose in patients after thyroidectomy. In this
study, the standard weight-based replacement regimen failed
to return the majority of patients to a euthyroid state by
overdosing patients with a BMI <25 kg/m? and underdosing
patients with a BMI >30 kg/m? [119]. Initiating therapy at the
estimated full dose is effective in many patients; however, in
patients at extremes of age, with more lean body mass, or with
significant comorbidities, it may prove more efficacious to start
at a lower dose and titrate up to the targeted dose while
evaluating serum TSH and free thryoxine and T3 levels. Using
T3 asthe primarytherapy may be warranted in the small subset
of patients in whom levothyroxine has not been proven to
alleviate symptoms and who can be compliant with multiple
daily doses. Further studies with larger sample sizes and longer
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follow-up are necessary before its adoption in routine clinical
practice. Combining T3 with levothyroxine is more common
than single therapy, with some success noted in reported well-
being; however, a meta-analysis of randomized controlled
trials (RCTs) concluded no difference in effectiveness with
combination therapy [120, 121]. Despite multiple RCTs
showing the lack of benefit of combining the two medications,
T3 is formulated to mimic normal physiologic profiles, hence
the reported better outcomes by some patients.
Supplementing patients diagnosed with subclinical hypo-
thyroidism has not been universally adopted. Despite testing
and treatment beingrelatively inexpensive, safe, and effective,
the clinical consequences are not considered important and
reversible in a significant proportion of affected patients for
experts to justify widespread screening and treatment [122].
Both overt and subclinical hypothyroidism are associated with
chronic diseases that are common in the general population,
including cardiovascular disease, peripheral vascular disease,
and obesity; however, treating patients with thyroid function
abnormalities, even those with subclinical hypothyroidism,
can potentially minimize the morbidity and mortality associ-
ated with these chronic diseases. T4 supplementation can
prevent the progression to overt hypothyroidism, specifically
in the elderly and in patients with autoimmune thyroiditis.
Reduction of future cardiovascular disease is crucial, consid-
ering that even patients with mild disease have higher mean
serum totals and LDL cholesterol concentrations, and subtle,
reversible changes in myocardial function have been noted on
echocardiography [123-125]. Even though the higher risk of
clinical cardiovascular disease has been noted, the cardiovas-
cular benefit of thyroid hormone treatment has yet to be
rigorously tested in an RCT. Last, several small controlled,
double-blinded trials have shown improvements in patients’
symptoms and neuropsychological performance indices when
compared with placebo; however, they have not been con-
firmed, and there is a lack of large prospective randomized
trials [126—129]. Subclinical hypothyroidism is common in the
general population. There is a higher number of patients with
raised TSH and thyroid antibodies who progress to overt
hypothyroidism [129]; however, patients who present with
symptoms and elevated TSH without antibodies may warrant
testing. One study demonstrated 3% of these patients pro-
gressing to overt hypothyroidism [130]. No RCTs exist showing
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cardiovascular events or mortality. There is expert support for
treating patients with serum TSH of =10 mIU/L as well as
women who are pregnant or intend to become pregnant and
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