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1. Head and neck cancer

1.1 Laryngeal carcinoma

Every year 2400 new patients are diagnosed with head and neck cancer in The 
Netherlands [1, 2]. Laryngeal carcinoma is one of the most frequently occurring 
head and neck carcinomas in The Netherlands with an incidence of 1.5-2% of all 
carcinomas per year (700 new patients per year) and a mortality of 200 per year. 
In Europe the incidence and mortality of laryngeal carcinoma is the highest in 
South-Western Europe. The male to female ratio in laryngeal carcinoma is 5:1 
and rising under women due to a change in tobacco consumption pattern [1, 
2]. Glottic carcinoma in The Netherlands is found mostly in men (68%) whereas 
supraglottic carcinoma was found more in women (54%). The age of diagnosis in 
The Netherlands is usually between 60 and 75 years. More than 90% of laryngeal 
carcinoma are squamous cell carcinomas deriving from the mucosal lining 
of the larynx. Tobacco and alcohol are the most important risk factors in the 
development of head and neck carcinoma by contributing to the accumulation of 
genetic aberrations, dependent on a balance between carcinogen dose and host 
susceptibility. The risk increases with amount for smoking and drinking and 
with duration for smoking only. The effect of combined exposure to tobacco and 
alcohol multiplicates the risk for laryngeal cancer [3-5]. Some studies suggest 
that high intake of fruits and vegetables can decrease the risk [6-11]. Sixty percent 
of the laryngeal cancers in The Netherlands is situated in the glottis (true vocal 
cords, anterior and posterior commissure), 30% in the supraglottis (ventricular 
folds, arytenoids, epiglottis and aryepiglottic folds) and 1% in the subglottis [1, 
2]. Laryngeal carcinomas in the glottis are usually diagnosed at an early stage 
because of hoarseness (60% in stage I, 30% in stage II). Supraglottic carcinomas 
usually present at a later stage with swallowing complaints, odynophagia, 
dyspnoea and otalgia (66% in stage III or IV) [1, 2].
Early stage laryngeal carcinoma can be treated successfully with the aim not 
only of curation but also preservation of organ and function (phonation, 
breathing, swallowing and speech). T1 glottic carcinoma is mainly treated with 
radiotherapy or microlaryngoscopic laser surgery. T2-3 carcinomas are mostly 
treated non-surgically with radiotherapy with or without chemotherapy in 
North-Western Europe. Primary surgical treatment, total laryngectomy with 
partial pharyngectomy, is usually reserved for larger T3 and T4 carcinomas with 
extensive cartilage destruction or extralaryngeal growth and cancers that present 
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with a non-functional larynx. Total laryngectomy is also performed in patients 
that present with a laryngeal tumor, whose larynx is irradiated for a prior head 
and neck tumor. Five-year disease specific survival rate for laryngeal carcinoma is 
75-90% for glottic carcinoma stage I and II, 60% for supraglottic carcinoma stage 
I and II  and 50% for glottic and supraglottic carcinoma stage III and IV [1, 2]. 
Across the world, different treatment strategies are used including transoral laser 
microsurgery [12-14] and partial and subtotal laryngectomy [13, 15]. Early findings 
on transoral robotic surgery for early glottic carcinoma seem promising [16, 18]. 
Local recurrence after (chemo)radiotherapy or partial laryngeal surgery, clinically 
defined as cancer found within 3 years after treatment and less than 2 centimetres 
away from the original site, generally requires total laryngectomy [19, 20]. Total 
laryngectomy performed as salvage laryngectomy has a higher risk for wound 
healing problems and pharyngocutaneous fistula [21]. Complication rates up to 
77% are described for salvage laryngectomy after radiotherapy. The disease specific 
five-year survival rate after salvage laryngectomy is 29-66% [21-25], depending 
on previous treatment and disease extension. In case of lymph node metastasis, 
the treatment needs to be combined with unilateral or bilateral neck dissection. 
Laryngectomy often is combined with hemithyroidectomy [1]. If the tumor is 
large and bulky, when there is extensive cartilage destruction or extra-laryngeal 
growth or subglottic extension, paratracheal lymph node dissection is usually 
performed. When a laryngectomy has been performed as primary surgical 
treatment, postoperative (chemo)radiotherapy may be indicated depending on 
histopathological examination of the surgical specimen [1].

1.2 Hypopharyngeal carcinoma

Hypopharyngeal cancer is extremely rare in The Netherlands with an incidence 
of 0.23% of all carcinomas per year (200 new patients per year) [1, 2]. The male 
to female ratio in hypopharyngeal carcinoma is 3:1. The age of diagnosis in 
The Netherlands is usually between 45 and 75 years [1, 2]. More than 90% of 
hypopharyngeal carcinomas are squamous cell carcinomas deriving from the 
mucosal lining of the hypopharynx. Tobacco and alcohol are the most important 
risk factors in the development of hypopharyngeal carcinoma as it is in laryngeal 
cancer [1, 2], while fruit and vegetables may have a protective effect [6-11]. The vast 
majority (>75%) of hypopharyngeal carcinomas in The Netherlands are situated 
in the piriform sinus, while locations in the posterior hypopharyngeal wall and 
postcricoid area are rare [1, 2]. Hypopharyngeal carcinomas usually present at a 
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later stage because of late and aspecific symptoms such as swallowing complaints, 
odynophagia, dyspnoea, otalgia, hoarseness and swelling in the neck (70% in 
stage IV). In North-Western Europe T1-2 carcinomas are mostly treated non-
surgically with radiotherapy and T3-4 cancers with the combination treatment 
of radiotherapy and chemotherapy [1, 2]. Primary surgical treatment, total 
laryngectomy with pharyngectomy and neck dissection(s), is usually reserved 
for T4 carcinomas with extensive cartilage destruction or extralaryngeal growth 
followed by radiotherapy with or without chemotherapy [1, 2].

This thesis deals with one of the major sequelae of complications of treatment 
of laryngeal or hypopharyngeal carcinoma, namely hypothyroidism. First, 
thyroid gland anatomy, (patho)physiology and therapy of thyroid dysfunction 
are described. Thereafter, the causes of thyroid hypofunction after treatment of 
laryngeal or hypopharyngeal cancer as well as screening patients for dysfunction 
after treatment will be discussed.

2. Thyroid gland

2.1 Anatomy

The adult thyroid gland consists of two lateral lobes each weighing approximately 
15 to 20 grams connected by the median part, the isthmus. The lateral lobes 
extend upward over the paramedian aspect of the thyroid cartilage laterally and 
the isthmus lies over the second to fourth tracheal rings [26]. The blood supply of 
the adult thyroid gland is derived from the superior and inferior thyroid arteries. 
The superior thyroid artery is the first of the branches of the external carotid 
artery arising close to the carotid bifurcation (Figure 1). Occasionally it arises 
from the common carotid artery just proximal to the carotid bifurcation. The 
artery divides at the upper thyroid pole into anterior and posterior branches. 
The inferior thyroid artery arises from the thyrocervical trunk, a branch of the 
subclavian artery. On reaching the posterior aspect of the lateral thyroid lobes, 
it divides into two major branches. The inferior thyroid artery is generally larger 
and much more variable in its course than the superior thyroid artery [26]. The 
venous blood is drained via superior thyroid veins, draining in the internal 
jugular vein and via inferior thyroid veins, draining via the plexus thyroideus in 
the left brachiocephalic vein (Figure 1).
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Figure 1. Vascularisation of the thyroid gland

The arteries form an extensive plexus of vessels with areas of frequent 
anastomosis on the gland surface. Branches from the surface pass into the 
interlobar connective tissue where the extensive capillary plexuses are formed 
around the individual follicles. The capsule of the thyroid gland, composed of an 
internal and external layer, forms septa between the lobes of the gland. Between 
the two layers of the capsule and on the posterior side of the lobes are on each 
side two parathyroid glands, one on the cranial side and the other on the caudal 
side. This capsule also contains the branches of the main vessels supplying the 
thyroid gland and further divides the lobes of the gland into individual follicles. 
The follicles range in size from 0.2 to 0.9 mm and appear as aggregates (follicular 
epithelial cells) surrounding a common shared mass of colloid (Figure 2). The 
colloid primarily contains thyroglobulin. The thyroid gland also contains a second 
type of epithelial cell (C cell or parafollicular cell), producing calcitonin, that 
modulates calcium metabolism. The thyroid hormones are triiodothyronine (T3) 
and thyroxine (T4). T3 is the active hormone, while T4 actually is a prehormone.

28192 Lo Galbo.indd   13 14-07-14   17:48



Chapter 1

14

T4 is converted to T3 in peripheral tissue. In the follicles, T4 and T3 are bound to 
thyroglobulin [26].

Figure 2. Thyroid gland tissue consisting of follicles and colloid

Figure 3. Follicular cells
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2.2 Physiology

Iodine is ingested in both inorganic and organic forms. Iodine used in the 
synthesis of thyroid hormone is drawn by electrostasis, i.e. attraction of iodine 
due to the buildup of electric charge, and active transport of inorganic iodide 
from the extracellular fluid. The synthesis of thyroid hormone begins with 
formation of the glycoprotein, thyroglobulin. The precursor protein is formed in 
the follicular cells (Figure 3).
Peroxidase aids in oxidizing the iodide, necessary for incorporation in organic 
molecules i.e. of the formation of monoiodothyronine (MIT) and di-iodothyronine 
(DIT). Linkage of MIT and DIT results in the formation of hormonally active 
T3 and T4. The hormones are stored in the thyroglobulin within the follicular 
colloid. T4 is relatively inactive and is transformed by deiodinase in the liver 
and other tissues to the active T3. Most T3 and T4 in the circulation are bound 
to thyroxine binding globulin (TBG). Free or unbound T4 levels (FT4) represent 
the level of hormone available for uptake and use by cells (0.03% of T4). Bound 
levels represent a circulating hormone that may not all be immediately available. 
Because the free levels of T4 and T3 represent immediately available hormone, 
free T4 and free T3 are thought to better reflect the patient’s hormonal status 
than total T4 [26]. The thyroid gland is under the control of the pituitary gland 
and the hypothalamus [27].
The hypothalamus produces thyrotropin-releasing hormone (TRH) that activates 
anterior pituitary gland production of thyroid-stimulating hormone (TSH). TSH 
stimulates thyroid function by increasing circulation within the gland, iodine 
trapping and production of thyroid hormone (Figure 4).
The production of thyroid hormones is under control of feedback mechanisms 
[26-28]. The hypothalamus senses low circulating levels of thyroid hormone (T3 
and T4) and responds by releasing thyrotropin-releasing hormone (TRH). The 
TRH stimulates the pituitary gland to produce thyroid-stimulating hormone 
(TSH). TSH stimulates the thyroid gland to produce thyroid hormone until levels 
in the blood return to normal. Thyroid hormone exerts negative feedback control 
over the hypothalamus as well as the anterior pituitary gland, thus controlling 
the release of both TRH from hypothalamus and TSH from the anterior pituitary 
gland: TSH production is suppressed when the T4 levels are high. If the thyroid 
gland is not able to make sufficient thyroid hormone, the negative feedback on 
the pituitary gland will be decreased, leading to increased production of TSH 
[26-28].
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Antithyroid antibodies are autoantibodies targeted against one or more 
components of the thyroid gland. Anti-TPO antibodies (anti-thyroperoxidase 
antibodies) are specific for the autoantigen TPO. Anti-Tg antibodies are 
specifically directed against thyroglobulin. The production of antibodies is 
thought to arise by activation of CD4+ T-cells, followed by B-cell recruitment 
into the thyroid gland. Anti-TPO antibodies are the most common antithyroid 
antibodies, present in 99% of cases were anti-Tg antibodies are present. 
However, only 35% of anti-TPO antibody positive cases also demonstrate anti-Tg 
antibodies. Normal healthy individuals can have elevated levels anti-TPO (10-
15%) and anti-Tg as well (3%) [26]. The prevalence of autoantibodies increases 
with age.

Figure 4. The hypothalamus-pituitary-thyroid axis
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2.3 Thyroid disorders

Historically one of the most frequent causes of decreased production of thyroid 
hormones is deficiency of dietary iodine. Iodine is present in seawater, drinking 
water, soil and therefore in fish, vegetables, milk and milk products as well. The 
average dietary intake of iodine in The Netherlands is approximately 240-320 
microgram per day (European daily allowance (World Health Organisation) 
150-300 microgram) towards maintaining an optimum iodine intake [29]. 
The Dutch Committee on Food decided in 1942 that iodine could be added to 
baker’s salt, kitchen salt and salted meat (70-85 milligram/kg salt). About 50% 
of iodine intake is from bread. Recent studies on some populations are showing 
that excess iodine intake could cause an increased prevalence of autoimmune 
thyroid disease, resulting in permanent hypothyroidism [29]. Therefore iodine 
was diminished to 50-65 milligram/kg salt in 2009. Six slices of bread in The 
Netherlands should be sufficient for a normal daily intake of 150 microgram of 
iodine [30].
Thyroid disorders include hyperthyroidism (abnormally increased activity), 
hypothyroidism (abnormally decreased activity) and thyroid nodules (benign 
thyroid neoplasms, thyroid cancers). All these disorders may give rise to goiter, 
that is, an enlarged thyroid [31].
In thyroid disorders not only the thyroid hormones can be altered, antithyroid 
antibodies can be present as well. Hyperthyroidism, or overactive thyroid 
gland, is the increased production of the thyroid hormones T3 and T4, and is 
most commonly caused by the development of Graves’ disease: an autoimmune 
disease in which TSH-receptor stimulating immunoglobulins (TSI) are produced 
which stimulate the thyroid gland to secrete excessive quantities of thyroid 
hormones. In 90% of patients with Graves’ disease TSI antibodies are present 
and these are specific for Graves’ disease. In patients with Graves’ disease anti-
TPO and anti-Tg antibodies can be present as well. The disease can result in the 
formation of a toxic goiter as a result of thyroid gland growth in response to 
TSI antibodies. Hyperthyroidism can be treated with medication, radioactive 
iodine-131 treatment or surgery. Hypothyroidism is the decreased production 
of the thyroid hormones T3 and T4 and is called primary hypothyroidism when 
there is thyroid dysfunction, and secondary hypothyroidism when there is 
dysfunction of the pituitary gland. In hypothyroidism, elevated TSH and low 
T4 and normal or low T3 are found. Low TSH, low T4 and low or normal T3 are 
found in dysfunction of the pituitary gland or hypothalamus. TSH is elevated 
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and T3 and T4 are normal in subclinical (latent) hypothyroidism. Mostly primary 
hypothyroidism is found which may occur as a result of congenital thyroid 
gland abnormalities, autoimmune disorders such as Hashimoto’s thyroiditis, 
iodine deficiency (more likely in developing countries), medication (lithium, 
amiodarone) or after surgical or radiation therapy in the head and neck. Because 
of the long half-life of T4, symptoms of hypothyroidism develop slowly. Even 
after total thyroidectomy, it can take up to three weeks. Hypothyroidism is 
treated with hormone substitution therapy [31].

2.3.1 Potential symptoms of hypothyroidism

The symptoms associated with hypothyroidism can vary significantly depending 
upon the severity of the hormone deficiency. Hypothyroidism can cause a wide 
range of symptoms such as fatigue, cold intolerance, dry skin, facial puffiness, 
constipation, muscle weakness, weight gain, low pitch voice, depression and 
cognitive impairment. Physical abnormalities may consist of decreased basal 
metabolic rate, decreased cardiac output, decreased heart rate, decreased 
ventilation rate, hyperlipidaemia, including increased serum cholesterol levels 
and macrocytic anemia [32-35]. Thyroid hormone also has an influence on 
wound healing as primarily due to its effects on collagen synthesis [36-39]. These 
wound healing problems may result in a higher risk of salivary fistula after 
laryngectomy.

2.3.2 Potential symptoms of hyperthyroidism

Hyperthyroidism presents with symptoms such as a thyroid goiter, protruding 
eyes (exophthalmos), palpitations, excessive sweating, diarrhea, weight loss, 
muscle weakness and unusual sensitivity to heat. The appetite is often increased 
[28, 29].

2.4 Thyroid substitution therapy for hypothyroidism

Clinical hypothyroidism and subclinical hypothyroidism (if TSH>10 mlU/L) 
are treated with levothyroxine (T4) usually using a daily dosage, mostly lifelong 
[40]. It is effective, safe and well tolerated [40-42] although it may increase 
the rate of osteoporosis in postmenopausal women and atrial fibrillation 
when overdosed. Combination triiodothyronine/thyroxine therapy has no 
advantages over thyroxine monotherapy and is not recommended. It is advised 
to substitute thyroid function until TSH is within the normal reference range 
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0.3-4.5 mU/L although some patients will not experience improvement in quality 
of life probably due to the inability of the medication to mimic the biological 
thyroid function perfectly [43]. Generally substitution therapy is started with 
a lower dose (25-50 micrograms) until the sufficient replacement is reached, 
i.e. about 1.8 microgram/kg body weight/day when thyroid function is zero. 
Because of the long half life (7 days) it can take sometimes several months 
before clinical and biological improvement is noticed. Thyroid function will be 
checked about four times a year in the first year and annually thereafter [43]. It 
is believed that subclinical hypothyroidism in the long term can easily change 
to clinical hypothyroidism if not treated [44, 45]. Although substitution therapy 
for subclinical hypothyroidism may improve lipid profiles and left ventricular 
function in the short term, substitution therapy does not always result in 
significant improvement in health-related quality of life or symptoms such as 
dry skin, cold intolerance, fatigue and elevated cholesterol [46-50].

2.5 Hypoparathyroidism

Hypoparathyroidism is the result of reduced secretion or impaired action of 
parathyroid hormone (PTH). PTH is secreted by the four parathyroid glands, 
regulates serum calcium and phosphorus levels and also plays a part in bone 
metabolism. Low levels of PTH cause serum calcium levels to fall and serum 
phosphate levels to rise. Symptoms are associated with hypocalcemia such as 
paresthesia (tingling, vibrating, burning and numbness) of the face, fingers and 
toes, facial twitching, carpopedal spasm, psychological and emotional problems 
(emotional lability, anxiety, depression, confusion, lethargy) and dry hair and 
skin [51]. The half life of parathyroid hormone is short (5-10 minutes), implicating 
that symptoms of hypoparathyroidism can develop within hours to a day after 
extirpation of the parathyroid glands or a parathyroid adenoma. Treatment 
consists of calcium substitution and active vitamin D metabolites (alphacalcidol 
or calcitriol) daily and often lifelong [52].

28192 Lo Galbo.indd   19 14-07-14   17:48



Chapter 1

20

3.  Hypo(para)thyroidism after treatment of laryngeal or 
hypopharyngeal carcinoma

3.1 Incidences of hypo(para)thyroidism after different treatment modalities

3.1.1 Incidence of hypothyroidism

The incidence of hypothyroidism after treatment of laryngeal or hypopharyngeal 
carcinoma is relatively high [53-82, 26, 32-34, 44]. Radiotherapy to the lower neck 
causes fibrosis of the gland and generates an auto-immune response as well [33-
34, 66, 83-86]. Surgery in the region of the thyroid may damage vascular supply of 
the gland intentionally or during surgical manipulation [72, 79, 87-88]. Logically, 
especially combination treatment consisting of surgery and radiotherapy has 
shown to cause hypothyroidism with incidences reported between 10% and 
78% [32, 53-82, 89]. Risk factors for the development of hypothyroidism are 
laryngectomy, hemithyroidectomy and neck dissection [72, 79, 87].

3.1.2 Incidence of hypoparathyroidism

Acquired hypoparathyroidism after radiotherapy or neck surgery (thyroid, 
parathyroid or laryngeal surgery) may occur due to accidental damage to, or 
removal of, the parathyroid glands [90-91]. Reported incidences in the literature 
vary from 4-89% [92-94]. Incidences are related to the extent of the removed 
thyroid gland [92] and more so with radiotherapy and combined therapy than 
with surgery alone [94]. Geminiani et al. [95] however found in their small 
study incidences of hypoparathyroidism close to zero. To prevent permanent 
hypoparathyroidism surgical reimplantation of parathyroid glandular tissue in 
forearm or sternocleidomastoid muscle is an established standard technique 
after (sub)total thyroidectomy [96-98].

3.2 Treatment modalities

3.2.1 Surgery

Hemithyroidectomy is a known risk factor for the development of hypothyroidism 
[99]. Ipsilateral hemithyroidectomy is considered part of surgical practice in 
patients undergoing total laryngectomy with extralaryngeal extension [100-
101] and may injure vascular supply of the remaining gland [72, 99-102]. Total 
thyroidectomy has to be considered when there is presence of subglottic 
extension of more than 2 cm, cricoid cartilage invasion or perithyroidal soft tissue 
involvement [103]. The vascular supply of the thyroid gland can be affected in 
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many ways during surgical treatment for laryngeal or hypopharyngeal carcinoma 
[88]. Surgical manipulation alone harms the thyroid vascularisation. The superior 
thyroid artery originates close to the carotid bifurcation and can be injured during 
neck dissection [74, 104], thyroidectomy [104] and laryngectomy [72, 77, 79, 97]. The 
inferior thyroid artery is at risk during a neck dissection in the supraclavicular fossa 
[26]. Paratracheal lymph node (PTLN) dissection (level VI) is usually performed in 
advanced laryngeal or hypopharyngeal carcinomas with subglottic involvement 
[88, 105, 106]. The vascular supply of the (remaining part of the) thyroid gland may 
be injured or intentionally sacrificed during PTLN dissection.

3.2.2 Radiotherapy

Radiation to the head and neck in patients with laryngeal or hypopharyngeal 
carcinoma affects not only the smaller thyroid vessels, but also the capillary 
network of the thyroid gland [44, 56-57, 107]. Fibrosis of the capsule and its septa 
can prevent compensatory hypertrophy of the thyroid gland after thyroidectomy 
and thus induce hypothyroidism [32-33, 45]. Another possibility for the 
development of hypothyroidism is a radiation induced auto-immune response 
against thyroid gland tissue resulting in elevated antithyroid antibodies (anti-
thyroglobulin antibodies and anti-microsomal antibodies). Several studies 
found a relation between hypothyroidism and circulating antithyroid antibodies 
[34, 66, 83-86]. Elevated autoantibodies are associated with thyroid cancer, 
goiter and Hashimoto’s thyroiditis [108]. Radiation therapy can exacerbate 
atherosclerosis and induce relative ischemia of branches of the carotid artery 
by inducing intimal thickening, proteoglycan deposition and inflammatory cell 
infiltrate, particularly the superior thyroid artery [109].
The literature reports significant incidences of hypothyroidism among patients 
receiving combination therapy consisting of radiotherapy and surgery between 
10% and 78% [32, 72, 89, Table I].
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Table I. Reported incidences of hypothyroidism (in %) in relation to treatment used since 1990

Author year n median FU RT+LT RT+ND CRT RT

Liening et al.53 1990 96 3.3 65% 28% 6%

Buisset et al.54 1991 32 4 58%

Weissler et al.55 1991 68 2 92% 59% 28%

Grande et al.56 1992 221 4 81% 40% 41%

Tami et al.57 1992 100 69% 28% 29%

Cannon et al.26 1994 62* 15%**

Turner et al.58 1995 84 1.8 79% 15% 24%

Donnelly et al.59 1995 27 45%

August et al.60 1996 35 3.5 14%

Nishiyama et al.61 1996 20 35%

Kuten et al.62 1996 84 47%

Tell et al.44 1997 264 1.6 55%

Thorp et al63 1999 28 5.5 63% 50%

Gal et al.32 2000 136* 11 38%

Kumpulainen et al.64 2000 72 6.25 45% 14%

Smolarz et al.65 2000 120 34%

Sinard et al.66 2000 198 1 61% 12%

Colevas et al.67 2001 118 2.8 45%

Mini et al.68 2001 110 25.5%

Mercado et al.69 2001 143* 4.4 46%

Leon et al.70 2002 182* 52%

O’Meara et al.71 2003 62 1.6 43.5%

Aimoni et al.34 2003 30 1 25%

Garcia-Serra et al.72 2005 206 6.2 77% 32% 40%

Kanti et al.73 2005 178 20.8% 37.4%

Nelson et al.74 2006 155* 29% 19%

Ozawa et al.75 2007 35* 46% 32%

Alterio et al.76 2007 73* 26%

Ho et al.77 2008 147* 49%

Cetinayak et al.78 2008 33 12.2% 0

Turgut et al.79 2008 42 0.5 23.8%

Alkan et al.33 2008 75 2.4 49.3%

Diaz et al.80 2010 168* 1.5 47.7%

Kumar et al.81 2011 33 30%

Boomsma et al.82 2012 105 2.5 33%

year=year of publication; n=number of patients included; FU=follow up in years; RT=radiotherapy; 
LT=laryngectomy; ND=neck dissection; CRT=chemotherapy and radiotherapy
*=retrospective   **=surgery and/or radiotherapy   
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3.2.3 Chemotherapy

The addition of chemotherapy to radiotherapy does not seem to increase the 
incidence of hypothyroidism as was found in several studies [55, 66, 70].

3.3. Screening

Patients treated for laryngeal or hypopharyngeal carcinoma are routinely seen 
for follow-up. The guidelines of The Dutch Head and Neck Society on laryngeal 
or hypopharyngeal carcinoma suggest thyroid function testing regularly because 
of relatively high incidence of hypothyroidism after combination treatment 
[1]. Since 2010 it is advised in The Netherlands to test the thyroid function the 
first five years every six months and yearly thereafter [1]. Several studies report 
most of the cases of hypothyroidism in the first five years, with the majority of 
the cases in the first two years. Some studies even suggest life long monitoring 
[44, 77] with screening preoperatively [82], screening every 3-6 months the first 
five years and annually thereafter [32, 44, 66, 69, 72, 77-78, 110-111]. Some studies 
recommend thyroid auto-antibody screening as well [44-45].
Since thyroid function is usually tested infrequently, hypothyroidism tends to be 
diagnosed and treated late [77, 87]. It is believed that subclinical hypothyroidism 
in the long term can evolve to overt clinical hypothyroidism if not treated [44, 45] 
and that high serum level of TSH is a risk for inducing thyroid carcinoma [44, 
112].
The diagnosis of hypothyroidism is easily made after laboratory investigations 
of thyroid stimulating hormone (TSH) and free T4 (FT4). Antithyroid antibodies 
(anti-thyroglobulin; anti-Tg, and anti-microsomal; anti-TPO) can easily be 
tested as well. There are several symptoms and complications attributed 
to hypothyroidism. Although cancer patients often already have impaired 
quality of life, symptoms related to hypothyroidism can further decrease this. 
There is no disease specific questionnaire for patients treated for laryngeal or 
hypopharyngeal carcinoma with symptoms or signs of hypothyroidism.

4. Aim and outline of the thesis

4.1 Aim of the thesis

To gain more insight into complications and quality of life in patients treated 
for laryngeal or hypopharyngeal carcinoma experiencing hypothyroidism 
and to improve management of this important side-effect, several studies 
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were started describing the incidence of hypothyroidism in relation with risk 
factors. Although everybody agrees on thyroid function testing after treatment 
of laryngeal or hypopharyngeal cancer, no general consensus exists how to 
best put this into clinical practice. The general aim of this thesis is to evaluate 
the incidence of hypothyroidism in patients (Chapter 2, 5 and 6), to asses the 
risk factors in the development of hypothyroidism (Chapter 2, 6), to evaluate 
the role of antithyroid antibodies (Chapter 2, 6), to describe the screening 
protocols for hypothyroidism in The Netherlands (Chapter 4) and to look for 
symptoms associated with hypothyroidism and the role of substitution therapy 
on symptoms (Chapter 5).

4.2 Outline of the thesis
In Chapter 2 a cross-sectional study was performed to determine the incidence of 
undiagnosed hypothyroidism in patients treated for laryngeal or hypopharyngeal 
carcinoma between 1977 and 2002, to identify the most important risk factors and 
to investigate the incidence and role of circulating antithyroid antibodies. Also a 
questionnaire regarding fatigue, obstipation, weight gain, cold intolerance and dry 
skin was administered. The initial results in this study provided us with directions 
to investigate prospectively several aspects of hypothyroidism in laryngeal or 
hypopharyngeal carcinoma (Chapter 6) and the need to evaluate the present thyroid 
function testing among physicians in The Netherlands (Chapter 3).
Chapter 3 describes a survey performed in The Netherlands in 2006 to evaluate 
the management on thyroid function screening among physicians in nineteen 
hospitals in The Netherlands who treat head and neck cancer patients including 
the eight head and neck centres of the Dutch Head and Neck Society (Nederlandse 
Werkgroep Hoofd-Halstumoren; NWHHT). At that time the guidelines of the 
NWHHT suggested regular thyroid testing without suggesting any specific 
screening interval [27]. A questionnaire on routine screening and treatment of 
hypothyroidism was sent out, that included items on laboratory tests, selection 
and screening-schedule of patients and treatment of hypothyroidism. The 
study showed the need for more detailed guidelines, which were taken into 
consideration for a recommendation in Chapter 6.
In Chapter 4 we describe our study to evaluate the importance of different 
aspects of hypothyroidism related to quality of life in patients treated for 
laryngeal or hypopharyngeal carcinomas who developed hypothyroidism in 
relation to substitution therapy. Patients may already suffer from a diminished 
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quality of life after cancer treatment. Hypothyroidism can affect quality of life 
even more in causing various psychological and physical problems. A study 
specific questionnaire regarding psychological and physical problems before 
and after substitution therapy was sent to patients treated for (sub)clinical 
hypothyroidism who were included in our other studies (Chapter 2 and 6).
In Chapter 5 a retrospective study was performed, in patients with laryngeal or 
hypopharyngeal carcinoma treated with laryngectomy and paratracheal lymph 
node dissection between 1990 and 2004, to evaluate the prognostic significance 
of paratracheal lymph node dissection including hemithyroidectomy for the 
development of hypo(para)thyroidism. Although paratracheal lymph node 
dissection is frequently performed in advanced laryngeal or hypopharyngeal 
carcinoma, no previous study reported the relationship between paratracheal 
lymph node dissection and hypo(para)thyroidism. The incidence of hypo(para)
thyroidism was high in this retrospective study.
In Chapter 6 patients treated for laryngeal or hypopharyngeal carcinoma were 
prospectively included between 2004 and 2006. Patients were followed two 
years to evaluate prospectively the incidence of hypo(para)thyroidism. Also an 
evaluation of the relationship between hypothyroidism and treatment, risk 
factors and antithyroid antibodies was made. Because hemithyroidectomy is 
one of the highest risk factors we evaluated the histopathology of the removed 
thyroid tissue.
Chapter 7 contains a general discussion, future perspectives, summary and 
conclusions, followed by a Dutch summary (Chapter 8).
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Abstract

The incidence rate of hypothyroidism after treatment for laryngeal and 
hypopharyngeal cancer is high, especially after combination treatment. An 
association between hypothyroidism and autoantibodies was found. The 
incidences of hypothyroidism and autoantibodies were assessed retrospectively 
in 156 patients with laryngeal and hypopharyngeal carcinoma who were treated 
with surgery and/or radiotherapy between 1977 and 2002. Patients treated for 
T2-T4 carcinoma or a recurrence after T1 who visited the outpatient clinic for 
their regular follow-up visit, were included. All patients were evaluated for 
the development of hypothyroidism, defined as increased thyroid-stimulating 
hormone level (> 4.5 mU/L) and the presence of autoantibodies. A questionnaire 
regarding symptoms was administered. The prevalence of undiagnosed 
hypothyroidism following treatment of laryngeal and hypopharyngeal carcinoma 
was 28.2%: 18.6% subclinical hypothyroidism and 9.6% clinical hypothyroidism. 
The prevalence of circulating antithyroid antibodies (anti-thyreoperoxidase 
and/or anti-thyreoglobulin) was 10.5%. Univariate analysis showed that 
patients with laryngectomy, hemithyroidectomy, ipsilateral neck dissection and 
autoantibodies had a higher risk of hypothyroidism. The combination of surgery 
and radiotherapy increased the risk. Symptoms such as weight gain and cold 
intolerance were significantly associated with hypothyroidism. Multivariate 
analysis showed hemithyroidectomy, autoantibodies, weight gain and cold 
intolerance to be prognostic factors for the development of hypothyroidism.
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Introduction

Hypothyroidism can be a sequela after treatment of head and neck cancers, 
especially after laryngeal and hypopharyngeal carcinoma [1]. The development 
of hypothyroidism may remain unnoticed if thyroid function testing is not 
performed. Patients seldom recognize early symptoms such as weight gain, cold 
intolerance, dry skin and constipation. Usually the only complaint is fatigue and 
patients consider it as being a normal adverse event of the treatment. Given the 
slow development and relatively non-specific nature of the symptomatology, 
a considerable number of patients may possibly have a non-diagnosed 
hypothyroidism [2].
The diagnosis of hypothyroidism is made after laboratory investigations when 
hypothyroidism is suspected or during routine screening. Various studies have 
examined the incidence of hypothyroidism after treatment for head and neck 
carcinomas. Depending on the treatment modalities the incidence ranges 
between 10% and 78% [2, 3].
Several pathophysiological mechanisms may account for the development of 
hypothyroidism resulting from the treatment of laryngeal and hypopharyngeal 
carcinoma. A part or all of the thyroid gland may be resected for oncological 
reasons or the vascular supply of the thyroid gland may be injured [4, 5]. 
Radiation has also been shown to induce fibrosis within the capsule of the 
thyroid gland, which may result in decreased thyroid function. Moreover, from 
the Chernobyl nuclear accident it is known that radiation exposure is associated 
with an increased incidence of circulating antithyroid antibodies, which may 
theoretically induce hypofunction of the thyroid gland [6, 7].
The aims of this study were to determine the incidence of undiagnosed 
hypothyroidism, to determine the significance of symptoms and to identify the 
most important risk factors in patients treated for laryngeal and hypopharyngeal 
carcinoma. We also investigated the prevalence of circulating antithyroid 
antibodies and their role in the development in hypothyroidism.
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Patients and methods

Patients treated for T2-T4 carcinoma or a recurrence of a T1 after radiotherapy of 
the larynx and hypopharynx between 1977 and 2002, who visited our outpatient 
clinic for their regular follow-up visit, were asked to cooperate in this cross-
sectional study during a period of 4 months from September to December 2002. 
Until then no routine screening for hypothyroidism was performed. In total 156 
patients were included. Twenty-nine other patients were already being treated 
for hypothyroidism after treatment for head and neck cancer. Patients with a 
history of thyroid disease, thyroid surgery (except hemithyroidectomy during 
a laryngectomy), recurrent tumor (at the time of screening), multiple primary 
tumors or previous radiation for other reasons were not included. Informed 
consent was obtained.
A questionnaire regarding fatigue, obstipation, weight gain, cold intolerance 
and dry skin was administered. A three-point Likert scale was used as a 
response format: “no symptoms” (or “always had these symptoms”), “moderate 
symptoms” or “severe symptoms”. Screening for thyroid function consisted of 
analysis of thyroid stimulating hormone (TSH), free T4 (FT4), thyreoperoxidase 
antibody (anti-TPO) and thyreoglobulin antibody (anti-Tg). The reference value 
for TSH was between 0.3 and 4.5 mU/L and for FT4 it was between 11.0 and 24.0 
pmol/L. Thyroid functions were classified as euthyroidsm (normal TSH and 
normal free T4), clinical hypothyroidism (high TSH and low FT4) and subclinical 
hypothyroidism (high TSH and normal FT4). Screening for parathyroid function 
consisted of analysis of calcium and albumin. To assess the presence of antithyroid 
antibodies, the Thymune-MTM and Thymune-TTM test (Murex, Biotech Limited, 
Dartford, Kent, UK) were performed. With this passive haemogluttination test, 
red blood cells (of turkeys) are coated with a kit and mixed with the patient’s 
serum. Any relevant antibodies present will interact with the red blood cells and 
give a visible reaction.
Patient, tumor and treatment parameters were noted including age, gender, site, 
TNM stage, details of surgery, radiotherapy and chemotherapy. Comparison 
contingency tables were made with Pearsons Chi-Square for nominal data and 
the trend test for ordinal data. Student’s t-test or non-parametric tests were used 
to compare continuous variables between groups, when appropriate. To asses the 
mutual effects of variables on a dichotomous outcome, stepwise logistic regression 
analysis was implemented. P-values less than 0.05 were considered significant.
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Results

Data of 133 males and 23 females were analyzed. The mean age was 66.4 years, 
ranging from 38 to 89 years.  All tumors except one adenocarcinoma were 
squamous cell carcinomas. The primary tumors were located in the supraglottis 
(n=54), glottis (n=76), piriform sinus (n=20) and posterior pharyngeal wall or 
post cricoid area (n=6). Twelve tumors were initially staged as T1, 73 tumors as 
T2, 31 tumors as T3 and 40 tumors as T4.
Forty-eight patients were treated surgically of whom 37 underwent a total 
laryngectomy and 11 a partial laryngectomy. Thirty patients underwent a 
modified radical or selective neck dissection on the ipsilateral side of which 
10 also on the contralateral side. From these retrospectively analysed surgical 
data accidental injury to the vascular supply of the thyroid gland could not be 
established. Generally, the dose of radiotherapy in the head and neck region 
was 65-70 Gy in case of primary radiation and 55-67 Gy in case of postoperative 
radiation. The total dose was applied in daily fractions of 2 Gy, five times a week 
for 5-7 weeks. Radiotherapy was given to all 156 patients. Nineteen patients 
received chemotherapy consisting of 4 cycles of cisplatin and 5-fluoruracil 
in combination with primary radiotherapy. Patient, tumor and treatment 
characteristics are shown in Table I. The results of the questionnaire are 
presented in Table II, indicating that weight gain and dry skin are important 
symptoms of hypothyroidism in these patients. P-values of difference in 
incidence of hypothyroidism are shown between patients with symptoms 
(moderate and severe) and without symptoms.
Thirty-tree patients who underwent a total laryngectomy had a 
hemithyroidectomy. During this surgical procedure attention was given 
to the blood supply of the preserved thyroid lobe. However, because of the 
retrospective nature of these data, injury to the vascular supply of the remaining 
thyroid part could not be excluded. Hemithyroidectomy was not performed 
in patients undergoing a partial laryngectomy. Treatment modalities were 
defined as radiotherapy only (n=108), partial or total laryngectomy without 
hemithyroidectomy with radiotherapy (n=15) and total laryngectomy with 
hemithyroidectomy and radiotherapy (n=33). The prevalence of hypothyroidism 
with radiotherapy only was 15.7%, with partial or total laryngectomy without 
hemithyroidectomy and radiotherapy 28.6% and with total laryngectomy 
with hemithyroidectomy and radiotherapy 77.7%. Univariate analysis did not 
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show an association between treatment modalities and anti-Tg (p=0.238) and 
anti-TPO (p=0.493). A significant association between treatment modalities 
and hypothyroidism (p<0.005) was found in univariate analysis but not in 
multvariate analysis.
The prevalence of circulating antithyroid antibodies (anti-TPO and/or anti-Tg) 
was 10.5% (n=16/153). Of these patients with circulating antithyroid antibodies, 
31.3% had anti-TPO antibodies, 25.0% had anti-Tg antibodies and 43.8% had both 
(anti-TPO and anti-Tg antibodies). In all, 50% of the patients with circulating 
antithyroid antibodies had hypothyroidism. The prevalence of anti-TPO 
antibodies was 21.7% for women and 4.6% for men.
Variables associated with the appearance of hypothyroidism in the univariate 
analysis are shown in Table I (patient, tumor and treatment characteristics 
associated with hypothyroidism) and Table II (symptoms associated with 
hypothyroidism). Significant associations were found between hypothyroidism 
and anti-TPO antibodies (p=0.016) and anti-Tg antibodies (p=0.007).
Variables associated with the appearance of clinical hypothyroidism (decreased 
FT4) in the univariate analysis were laryngectomy (p<0.005), hemithyroidectomy 
(p<0.005), ipsilateral neck dissection (p=0.028), weight gain (p=0.021), anti-TPO 
antibodies (p<0.005) and anti-Tg antibodies (p=0.04).
Stepwise logistic regression analysis showed that the most important prognostic 
factor for the development of hypothyroidism was hemithyroidectomy 
(p=0.0004). The next most prognostic factors were the presence of anti-TPO 
antibodies (p<0.00005) and the presence of anti-Tg antibodies (p=0.0001). 
Also, weight gain (p=0.0035) and cold intolerance (p=0.0292) were significantly 
associated with hypothyroidism.
Variables associated with the presence of circulating autoantibodies were cold 
intolerance and age for anti-TPO antibodies (both p=0.005). Female gender 
was significantly associated with anti-Tg antibodies (p=0.03). Stepwise logistic 
regression analysis showed that female gender was significantly associated with 
anti-Tg (p=0.003) and that cold intolerance was significantly associated with 
anti-TPO (p=0.0013). Radiotherapy with a dose of 7000 cGy or higher showed 
clear associations with anti-Tg (p=0.011).
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Table I. Patient, tumor and treatment characteristics associated with hypothyroidism 

Variable TSH<4.5 TSH>4.5 p-value

Sex 0.179

male (n=133) 99 (74.4%) 34 (25.6%)

female (n=23) 14 (61.0%) 9 (39.0%)

Age (years) 0.635

≤60 (n=51) 35 (68.6%) 16 (31.4%)

61-70 (n=53) 38 (71.7%) 15 (28.3%)

≥70 (n=52) 40 (76.9%) 12 (23.1%)

Site 0.394

supraglottis (n=54) 40 (74.1%) 14 (25.9%)

glottis (n=76) 54 (71.1%) 22 (28.9%)

piriform sinus (n=20) 13 (65.0% 7 (35.0%)

hypopharynx (n=6) 6 (100%) -

Side 0.467

left (n=83) 58 (69.9%) 25 (30.1%)

right (n=64) 47 (73.4%) 17 (26.6%)

median (n=9) 8 (88.9%) 1 (11.1%)

Stage 0.247

T1 (n=12) 7 (58.3%) 5 (41.7%)

T2 (n=73) 58 (79.5%) 15 (20.5%)

T3 (n=31) 22 (71.0%) 9 (29.0%)

T4 (n=40) 26 (65.0%) 14 (35.0%)

Laryngectomy <0.005

no laryngectomy (n=108) 91 (84.3%) 17 (15.7%)

partial laryngectomy (n=11) 8 (72.7%) 3 (27.3%)

total laryngectomy (n=37) 14 (37.8%) 23 (62.2%)

Hemithyroidectomy <0.005

no (n=123) 101 (82.1%) 22 (17.9%)

yes (n=33) 12 (36.4%) 21 (63.6%)

Neck dissection
no (n=141) 106 (75.2%) 35 (24.8%)

ipsilateral (n=30) 13 (43.3%) 17 (56.7%) 0.019

contralateral (n=10) 5 (50.0%) 5 (50.0%) 0.354

Radiotherapy 0.012

≤6500 cGy (n=49) 29 (59.2%) 20 (40.8%)

≥6500 cGy (n=107) 84 (78.5%) 23 (21.5%)

Chemotherapy 0.076

yes (n=19) 17 (89.5%) 2 (10.5%)

no (n=137) 96 (70.1%) 41 (29.9%)
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Table II. Symptoms associated with hypothyroidism and their association with hypothyroidism

Variable TSH<4.5 TSH>4.5 p-value

Fatigue 0.999

n=154

No 54 39 (72.2%) 15 (27.8%)

Moderate 39 28 (71.8%) 11 (28.2%)

Severe 61 44 (72.1%) 17 (27.9%)

Weight gain 0.001

n=155

No 120 94 (78.3%) 26 (21.7%)

Moderate 17 6 (35.3%) 11 (64.7%)

Severe 18 12 (66.7%) 6 (33.3%)

Obstipation 0.440

n=155

No 128 95 (74.2%) 33 (25.8%)

Moderate 15 10 (66.7%) 5 (33.3%)

Severe 12 7 (58.3%) 5 (41.7%)

Dry skin 0.029

n=155

No 126 90 (71.4%) 36 (28.6%)

Moderate 13 13 (100.0%) -

Severe 16 9 (56.2%) 7 (43.8%)

Cold intolerance 0.178

n=155

No 119 90 (75.6%) 29 (24.4%)

Moderate 10 7 (70.0%) 3 (30.0%)

Severe 26 15 (57.7%) 11 (42.3%)
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Discussion

The incidence of hypothyroidism varies in different studies, depending on site, 
stage, treatment and time after treatment [8]. The rate of hypothyroidism in 
the general population has been reported to be 2% (<65 years) to 5% (>65 years) 
[9]. The incidence in women is two to eight times higher than in men [9]. Many 
patients, especially the elderly, may suffer from symptoms of hypothyroidism 
without ever been diagnosed [2]. Symptoms such as weight gain, cold intolerance, 
obstipation, dry skin and fatigue are frequently wrongly attributed to the tumor 
or its intensive treatment.
Although patients are seen at a regular follow-up visit, there is no consensus 
about regular laboratory testing [2]. Studies suggest that examination of thyroid 
function is a reliable predictor for hypothyroidism symptoms in the future. If 
thyroid function were assessed on a routine basis, patients with subclinical 
hypothyroidism could be followed and treated before developing symptoms 
[4]. Subclinical hypothyroidism has been shown to predispose to clinical 
hypothyroidism, delayed wound healing and atherosclerotic disease [4].
The prevalence of hypothyroidism in this study (28.2%) is in concordance 
with others, who report frequencies ranging from 7% to 57% [2, 10, 11]. If the 
patients already known to have hypothyroidism are also taken into account the 
prevalence was over 39.5%. The prevalences of clinical (9.6%) and subclinical 
(18.6%) hypothyroidism are also in line with previously reported studies that 
range from 3% to 25% for clinical hypothyroidism and from 10% to 27% for 
subclinical hypothyroidism. In about 50% of the cases the hypothyroidism is 
subclinical [2, 4, 5].
Due to the cross-sectional design of the present study, the chronology of 
development of the hypothyroidism cannot be evaluated. The development of 
thyroid dysfunction is thought to be delayed until some time after completion of 
treatment. The highest incidence of hypothyroidism appears to be in the first 2 
years [9, 10]. However, hypothyroidism may be diagnosed even after 6-12 years. 
The median time to develop hypothyroidism is approximately 1.5-2 years [3, 8].
The logical way to achieve early diagnosis is by specific questioning regarding 
early symptoms and periodic evaluation of thyroid function, particularly in 
the group of patients at higher risk. Once clinical hypothyroidism is diagnosed 
substitute treatment with levothyroxine is effective, safe and well-tolerated 
[2]. Some studies suggest starting with substitute treatment after surgery and 
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radiotherapy treatment when subclinical hypothyroidism is diagnosed. Because 
of the increased risk of wound healing problems, preoperative assessment of 
thyroid function is encouraged in patients who have undergone radiotherapy 
before salvage surgery [10].
We found that patients treated with laryngectomy, hemithyroidectomy and 
radiotherapy were more at risk to develop hypothyroidism (63.6%) than patients 
treated with laryngectomy without hemithyroidectomy with radiotherapy 
(33.3%). Patients who were treated with radiotherapy only had a prevalence of 
hypothyroidism of 15.7%. Leon et al. [2] found that the frequency of hypothyroidism 
was higher in patients treated by laryngectomy and hemithyroidectomy 
with or without radiotherapy (67%) as compared with patients treated by 
laryngectomy without hemithyroidectomy and/or radiotherapy (15-27%). Partial 
thyroidectomy with radiotherapy reportedly produced a greater likelihood of 
developing hypothyroidism (61-92%) compared with thyroid-sparing surgery 
and radiotherapy (12-59%) or radiotherapy alone (6-47%) [3]. Other studies 
have also reported an increased incidence of hypothyroidism after combined 
modality treatment of 45-65% [11].
Certain prognostic factors may identify patients who are at increased 
risk for development of hypothyroidism after treatment for laryngeal and 
hypopharyngeal cancer. Gal et al. [3] and Mercado et al. [10] reported increased 
risks for females and Caucasians.
Treatment factors were predictive for hypothyroidism in the present study. 
Univariate analysis showed that laryngectomy, hemithyroidectomy, ipsilateral 
neck dissection and auto-antibodies were associated with hypothyroidism. A 
higher dose of radiotherapy also seemed to be associated with hypothyroidism. 
However, in multivariate analysis only hemithyroidectomy remained a 
prognostic factor.
Hemithyroidectomy, laryngectomy or neck dissection itself should not lead to 
hypothyroidism. Because all patients underwent radiation treatment, the role of 
radiotherapy in the development of hypothyroidism in patients who underwent 
these surgical procedures cannot be assessed in the present study. The vascular 
supply of the thyroid gland may be injured or intentionally sacrificed during 
these surgical procedures. Radiation therapy may result in compromise of 
thyroid vascularity through fibrosis [10]. These pathophysiological mechanisms 
may account for the increased incidence of hypothyroidism after combined 
treatment.
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A few questions may help the physician to obtain an indication to assess thyroid 
function. Weight gain and cold intolerance were associated with (subclinical) 
hypothyroidism in these patients. Fatigue and obstipation were not prognostic 
factors. Fatigue, moreover, is a common symptom after cancer treatment. 
Therefore, fatigue may be not specific enough for prediction of hypothyroidism. 
On the contrary, head and neck cancer patients more often suffer from 
weight loss than weight gain. Therefore, weight gain may be more specific for 
hypothyroidism in these patients.
In the present study the prevalence of circulating antithyroid antibodies was 
10.5%; the frequency for antithyroperoxidase antibodies was 75% and that for 
antithyreoglobulin antibodies was 69%. These data are comparable with the 
prevalence of antithyroperoxidase antibodies (7-10%) and antithyroglobulin 
autoantibodies (4-8%) in a normal population [12-14]. Gender appeared to be a 
prognostic factor for circulating autoantibodies. Women had autoantibodies 
more often than men, reflecting the situation in the normal population [12]. As 
the majority of the patients in the present study were males, it might be that after 
correction for gender the prevalence of autoantibodies is increased in our group 
patients. Moreover, 50% of the patients with circulating antithyroid antibodies 
had hypothyroidism. The direct role of circulating antithyroid antibodies in the 
development of hypothyroidism is not clear. This study shows a clear relation 
between hypothyroidism and circulating antithyroid antibodies. Because 
it is known from the Chernobyl nuclear accident that radiation exposure is 
associated with an increased incidence of circulating antithyroid antibodies, 
these antibodies may appear due to radiotherapy and cause hypothyroidism 
[6, 7]. Only a prospective study can examine the mechanism through which 
circulating antithyroid antibodies are involved in the development of 
hypothyroidism after treatment. Aimoni et al. [4] performed a prospective study 
in which thyroid function and circulating antithyroid antibodies were assessed 
in patients with laryngeal carcinoma pretreatment and during follow-up. Four 
of the 30 patients developed hypothyroidism. One of these patients already had 
elevated antithyroglobulin antibodies before total laryngectomy. Another patient 
developed elevated antithyroperoxidase and antithyroglobulin antibodies after 
total laryngectomy and radiotherapy. The patient numbers in this study were 
too small to draw definite conclusions. Sinard et al. [11] conducted a prospective 
study in which thyroid function and thyroid antimicrosomal antibodies were 
assessed before and up to 3 years after treatment for head and neck cancer. 
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These autoantibodies were present in 21 of the 198 treated head and neck cancer 
patients. Twelve of these patients were euthyroid and nine were hypothyroid. 
Positive antithyroid antibody titers were noted to precede the development of 
hypothyroidism in 5 of the 29 who were hypothyroid after treatment. Although 
these authors found an association between positive antithyroid antibody titers 
and hypothyroidism, they conclude that its significance was unclear. Nishiyama 
et al. [9] also performed a prospective study in 20 patients to assess subacute 
thyroid dysfunction after neck irradiation. Seven of the 20 patients developed 
hypothyroidism; however, thyroid autoantibodies did not turn positive.

Conclusion

In all, 28% of patients treated for a T2-T4 or recurrent laryngeal and 
hypopharyngeal carcinoma appeared to have clinical or subclinical 
hypothyroidism. Hemithyroidectomy was the most important prognostic 
factor for development of hypothyroidism. Screening on hypothyroidism after 
treatment for laryngeal and hypopharyngeal carcinoma seems to be important, 
especially in patients at high risk for hypothyroidism undergoing salvage 
surgery. A history of weight gain, dry skin and cold intolerance may be helpful to 
identify head and neck cancer patients with hypothyroidism. A relation between 
hypothyroidism and circulating antithyroid antibodies was found. However, 
it is not clear if radiation induces development of these antibodies or patients 
with circulating antithyroid antibodies are predisposed to development of 
hypothyroidism after radiotherapy. A prospective study, in which pretreatment 
and during follow-up thyroid function and circulating antithyroid antibodies 
are determined, may explain the role of these antibodies in the development of 
hypothyroidism.
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Abstract

A survey to evaluate the management of thyroid function testing was performed 
in the major institutions treating head and neck cancer in The Netherlands. 
In July 2006, a questionnaire considering laboratory test, selection of patients, 
scheme and treatment of hypothyroidism was sent to physicians who treat 
head and neck cancer patients in 19 hospitals in The Netherlands including all 
eight head and neck centers of the Dutch Head and Neck Society (Nederlandse 
Werkgroep Hoofd-Halstumoren; NWHHT). Thirty-two of thirty-nine (84%) 
questionnaires were returned. Twenty-four (75%) physicians tested only when 
symptoms were mentioned, 42% tested all patients treated with different 
treatment modalities (radiotherapy, chemotherapy or surgery). Most physicians 
screened annually (32%) or every six months (24%) on hypothyroidism. All 
physicians screened for TSH, 18 physicians (69%) tested free T4 (FT4) as well. 
Fifty-eight percent of physicians referred their patients to another department 
for substitution therapy when thyroid function is tested abnormal. Twenty 
physicians (65%) would appreciate guidelines on screening although 75% are 
aware of the guidelines of the Dutch Head and Neck Society.
There is a need for more clear and detailed guidelines in which recommendations 
on patients’ selection, intervals and laboratory measurements of screening for 
hypothyroidism and its treatment are provided.
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Introduction

The incidence of hypothyroidism after treatment of laryngeal or hypopharyngeal 
carcinoma is high, especially after combination of surgery and radiotherapy [1]. 
Depending on treatment modalities, the incidence ranges between 10% and 78% 
[2, 3]. Besides removal of a part of the thyroid gland, surgery is believed to cause 
damage to its vasculature [4]. Although the mechanism of radiation-induced 
hypothyroidism remains unexplained, it is believed that radiation can cause 
direct damage to the glandular cell by inducing fibrosis within the capsule of 
the thyroid glands [4]. Thyroid dysfunction causes physical and psychological 
symptoms and may thus negatively impact on patient’s rated outcome [5].
Symptoms associated with hypothyroidism are: weight-gain, drowsiness, 
edema, cold intolerance, dry skin, constipation, wound-healing problems, 
fatigue, distress, depression and nervousness [4-6]. Even psychiatric disorders 
such as psychotic and depressive disorders can be seen in hypothyroid 
patients as a result of changes in the level of serotoninergic and noradrenergic 
receptors [5]. The diagnosis of hypothyroidism is easily made after laboratory 
investigations of thyroid stimulating hormone (TSH) and free T4 (FT4). There 
are no generally accepted guidelines regarding thyroid function testing during 
regular follow-up [2]. Some studies suggest that subclinical thyroid hypofunction 
is a reliable predictor for the development of clinical hypothyroidism [7, 8]. 
Moreover, if subclinical hypothyroidism is discovered, problems due to clinical 
hypothyroidism can be anticipated. It is also reported that long-term high 
serum TSH can stimulate the growth of thyroid carcinoma [7]. Once clinical 
hypothyroidism is detected, substitute treatment with levothyroxine is effective, 
safe, well-tolerated and with little cost [2].
The guidelines of the Dutch Head and Neck Society on laryngeal or 
hypopharyngeal carcinoma suggest thyroid function testing because of 
relatively high incidence of hypothyroidism after combination treatment [9]. 
Several studies report that hypothyroidism almost always develops within 5 
years after treatment, with the majority of cases within the first 2 years [3, 8, 
10]. Garcia-Serra et al. [8] recommend that thyroid function should be tested 
every 6 months in the first posttreatment-year and then yearly thereafter. Tell et 
al. [7] even recommend life-long thyroid hormones screening as well as thyroid 
auto-antibodies screening after radiotherapy to the neck. Ozawa et al. [4] and 
Nishiyama et al. [10] found that hypothyroidism not only occurred in the late 
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phase but also in the subacute phase. Occult hypothyroidism before treatment 
becomes clinically apparent by radiotherapy. They suggest screening all patients 
before they are treated with radiotherapy.
To evaluate the management of patients who could benefit from thyroid function 
tests, a survey was performed in The Netherlands. A questionnaire on routine 
screening and treatment of hypothyroidism was sent out, that included items on 
laboratory tests, selection of patients, scheme and treatment. Herein we report 
on the results of this survey.

Material and methods

A questionnaire on thyroid function screening was sent to physicians in 
19 hospitals in The Netherlands who treat head and neck cancer patients 
including the eight head and neck centers of the Dutch Head and Neck Society 
(Nederlandse Werkgroep Hoofd-Halstumoren; NWHHT). The questionnaire 
was sent personally to 14 head and neck surgeons, 13 radiation oncologists and to 
12 medical oncologists and consisted of eight questions accompanied by a letter 
explaining the purpose of the survey. Questions about when thyroid function is 
tested; which tests are used; and when substitution therapy usually is performed 
were asked (Table I). Two additional questions addressed the awareness of the 
guidelines of Dutch Head and Neck Society and whether one would appreciate 
more specific guidelines on screening thyroid function. Three months later, the 
questionnaire was sent again to physicians who had not yet returned it.

Results

Thirty-two of thirty-nine (84%) questionnaires that had been sent out were 
returned. Thirteen of fourteen (93%) head and neck surgeons, all 13 radiation 
oncologists and 5 of the 12 (42%) medical oncologists returned the questionnaire. 
Multiple answers for the same question were allowed and were received for the 
question as to when thyroid function was tested (question 1) and for the question 
as to which laboratory tests were done (question 5). Six physicians did not test 
thyroid function and therefore answered only questions 1, 2 and 6-9 (Table I).
During follow-up of patients with laryngeal or hypopharyngeal carcinoma, 
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24 (75%) physicians perform tests when symptoms associated with thyroid 
hypofunction are present by the patients, 26 (81%) test thyroid function frequently 
for screening purposes. Six (19%) perform these tests preoperatively. Three 
physicians (9%) test otherwise, for example, every 3 months or postoperatively 
once after a year.
For the question how often thyroid function was screened, 6 physicians (19%) 
answered never to test thyroid function. Hypothyroidism is tested sometimes by 
7 (22%) physicians, usually by 12 (38%) physicians and always by 6 physicians (19%). 
One medical oncologist mentioned that screening is performed alternating with 
the head and neck surgeon. Eleven of twenty-six (42%) physicians who screen 
thyroid function always test all patients who have been treated for laryngeal 
or hypopharyngeal cancer independent of treatment modality. Five physicians 
(19%) screen all patients treated by (chemo)radiotherapy only; three physicians 
(12%) screen all patients who have been treated by laryngectomy (independent 
of (partial) thyroidectomy), three (12%) physicians screen all patients who have 
been treated by laryngectomy with partial thyroidectomy, three (12%) physicians 
screen all patients who have been treated by a combination of laryngectomy 
(independent of (partial) thyroidectomy) and radiotherapy and four (15%) screen 
all patients who have been treated by a combination of laryngectomy with partial 
thyroidectomy and radiotherapy.
Eight (32%) of twenty-five physicians screen annually on hypothyroidism, six 
(24%) physicians every six months, two (8%) physicians during the first five years 
every six months, thereafter annually and nine (36%) otherwise. For example 
twice annually the first year or four times in the first year. One head and neck 
surgeon did not answer the question.
All 26 physicians who screen for hypothyroidism test TSH values. Eighteen 
physicians (69%) perform free T4 tests as well. A single head and neck surgeon 
and one radiation oncologist test T3 as well. Tests for parathyroid hormone or 
auto-antibodies were not performed.
For the question as to when the substitution therapy was prescribed, 4 of 31 
physicians (13%) answered that it was prescribed when TSH was high (>4.5 
mU/L), independent of free T4. Nine physicians (29%) prescribed substitution 
therapy only when TSH was high and free T4 was low (<11.0 pmol/L). Of this 
group, one medical oncologist treats patients as well when TSH was >10 IU/L 
with normal free T4. Eighteen physicians (58%) never prescribed substitution 
therapy when thyroid function was tested abnormal but referred their patients 
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to the department of internal medicine or endocrinology (52%) or to patients 
own general practitioner (6%). One radiation oncologist did not answer the 
question.

Table I. Questionnaire hypothyroidism

Question total otolaryngologist radiotherapist medical 
oncologist

1. When do you test thyroid function?

a: when symptoms are mentioned 24 12 11 1

b: screening (follow-up) 26 12 9 5

c: preoperatively 6 4 1 1

d: other… 3 2 1 0

2. How often do you screen thyroid 
function in patients treated for laryngeal 
or hypopharyngeal cancer?

a: no 6 3 3 0

b: sometimes 7 3 4 0

c: usually 12 7 4 1

d: always 6 2 1 3

e: screening is performed by other   
departments

1 0 0 1

3. Which patients do you screen?

a: all patients 11 5 4 2

b: patients treated by (chemo) radiotherapy 
only

5 0 3 2

c: all patients who have been treated by 
laryngectomy (independent of (partial) 
thyroidectomy)

3 3 0 0

d: all patients who have been treated by 
laryngectomy with partial thyroidectomy

0 0 0 0

e: all patients who have been treated 
by laryngectomy and radiotherapy 
(independent of (partial) thyroidectomy)

3 0 2 1

f: all patients who have been treated by 
laryngectomy with partial thyroidectomy 
and radiotherapy

4 4 0 0

4. How often do you screen these patients 
during follow-up?

a: annually 8 2 3 3

b: every six months 6 4 1 1
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Question total otolaryngologist radiotherapist medical 
oncologist

c: during the first five years every six 
months, thereafter annually

2 1 0 1

d: other… 9 4 5 0

5. What laboratory determinations do you 
test in screening hypothyroidism?

a: TSH 26 12 9 5

b: free T4 (FT4) 18 10 7 1

c: T3 2 1 1 0

d: parathyroid hormones 0 0 0 0

e: thyroid autoantibodies (anti-TPO, anti-
Tg)

0 0 0 0

6. When do you prescribe suppletion 
therapy (thyroxin)?

a: high TSH (>4.5 IU/l) independent of free 
T4

4 3 1 0

b: high TSH, low free T4 (<11.0 IU/l) 9 2 2 5

c: I do not know; when thyroid function 
is abnormal patients are sent to internist/
endocrinologist

16 9 7 0

d: I do not know; when thyroid function is 
tested abnormal patients are sent to their 
general practitioner

2 1 1 0

7. Would you appreciate guidelines on 
screening hypothyroidism?

a: yes 20 12 7 1

b: no 11 3 5 3

8. Are you aware of the guidelines 
of the Dutch Head and Neck Society 
(Nederlandse Werkgroep Hoofd-
Halstumoren; NWHHT)?

a: yes 24 12 8 4

b: no 8 3 4 1

9. Remarks…

Twenty physicians (65%) would appreciate guidelines for screening 
hypothyroidism although 24 physicians (75%) are aware of the guidelines of 
the Dutch Head and Neck Society [9]. There was no reply from one medical 
oncologist on the question whether he would appreciate guidelines for screening 

Table I. continued
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hypothyroidism. Three head and neck surgeons and four radiation oncologists 
were not aware of the existence of a guideline. One radiation oncologist 
remarked that a new guideline should be a part of the guidelines of the Dutch 
Head and Neck Society [9] otherwise it was of no use. One radiation oncologist 
performed screening in all patients, also before treatment.

Discussion

No uniformity in the diagnosis and treatment of hypothyroidism after treatment 
of laryngeal or hypopharyngeal carcinoma was found in the present study 
conducted in The Netherlands. There is no consensus about who, when and how 
to screen and treat hypothyroidism, despite its relatively high prevalence. The 
current guidelines of the Dutch Head and Neck Society [9] on the management 
are neither directive nor specific enough with respect to hypothyroidism. They 
contain the notion that hypothyroidism after combination treatment is high 
and suggest thyroid function testing regularly [9].
Most physicians test thyroid function if symptoms of hypothyroidism are 
present such as fatigue, weight gain, cold intolerance, dry skin and constipation. 
However, because of the slow development and non-specific nature of the 
symptomatology, many patients may have undiagnosed hypothyroidism. 
Many symptoms can wrongly be attributed to the intensive treatment or tumor 
recurrence. Lo Galbo et al. [6] found that in patients treated for laryngeal and 
hypopharyngeal cancer, weight gain and cold intolerance were associated 
with (subclinical) hypothyroidism, whereas fatigue and constipation were not. 
Interestingly, head and neck cancer patients more often suffer from weight loss 
because of swallowing disorders than from weight gain, and thus weight gain is 
probably more specific for hypothyroidism in these patients. Considering this, the 
development of hypothyroidism may remain unnoticed if thyroid function testing 
is not performed. Patients and physicians seldom recognize the early symptoms. 
Lo Galbo et al. [6] found a prevalence of occult hypothyroidism following treatment 
for laryngeal and hypopharyngeal carcinoma of 28% (44 of 156 patients): subclinical 
hypothyroidism in 18.6% and clinical hypothyroidism in 9.6%.
About half of the physicians screen routinely during follow-up. Therefore, 
it can be anticipated that a substantial number of patients may have occult 
hypothyroidism after treatment for laryngeal of hypopharyngeal cancer.
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Only six (19%) physicians test thyroid function pre-operatively. Hypothyroidism 
harbours an increased risk of wound healing problems, therefore preoperative 
assessment of thyroid function in patients who have undergone radiotherapy 
before salvage surgery is advised [11].
Since few physicians test thyroid function consistently, it needs to be concluded 
that hypothyroidism vigilance must be improved. Clear guidelines based 
on prospective studies in which thyroid function is assessed frequently and 
consistently will motivate physicians in performing thyroid function. A substantial 
number of physicians screen all patients after treatment of laryngeal and 
hypopharyngeal cancer, while others use prior treatment factors in their clinical 
decision to test for hypothyroidism. Treatment factors indeed are predictive 
for hypothyroidism. The incidence of hypothyroidism in patients treated with 
surgery and radiation was reported to be higher (46%) as compared to radiation 
alone (32%) [4]. Hemithyroidectomy is the most important predictive factor for 
development of hypothyroidism. The combination of hemithyroidectomy and 
radiotherapy is associated with a higher incidence than hemithyroidectomy 
or radiotherapy alone [2, 3, 6, 12]. The influence of chemotherapy on the 
development of hypothyroidism is controversial. While Norris et al. [13] found 
that adjuvant chemotherapy increased the risk of hypothyroidism Ozawa et 
al. [4] and Bhandare et al. [14] found that chemotherapy does not appear to be 
contributory to hypothyroidism. The high incidence (56%) of hypothyroidism 
after concomitant chemoradiation of locally advanced head and neck cancer 
found by Zakotnik et al. [15] was not significantly different from the incidence 
of 36% found after radiation alone.Also advanced age, white race and circulating 
antithyroid antibodies are reported to be associated with the development of 
hypothyroidism [3, 6, 11, 14, 16].
Almost all physicians who do screen for hypothyroidism use intervals of 6-12 
months. The development of thyroid dysfunction is thought to be delayed until 
some time after completion of treatment. Although hypothyroidism is most 
frequently diagnosed within the first 2 years, it may develop many years after 
treatment [11]. Ho et al. [17] found in a retrospective study that during follow-
up 20% of patients who underwent laryngectomy and radiotherapy developed 
hypothyroidism within 3 years, 39% within 6 years and 93% within 10 years. 
Although no consensus has been reached on the frequency of such testing, a 
prospective baseline evaluation of TSH and FT4 followed by evaluation at least 
every six months in the first year(s) and then yearly thereafter is suggested to 
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identify early identification of hypothyroidism to maintain optimal quality of 
life [8]. A longitudinal follow-up study may be helpful to determine the best 
screening scheme.
In screening for hypothyroidism, laboratory measurements included usually 
TSH with or without free T4. If TSH is measured in combination with free T4 
discrimination between clinical and subclinical hypothyroidism can be made. It 
is obvious that patients with clinical hypothyroidism should receive substitution 
therapy. Substitution with thyroxin in patients with subclinical hypothyroidism 
is controversial. It is commonly assumed that subclinical hypothyroidism 
evolves over the long time into clinical hypothyroidism. It is reported that 
high serum level of TSH is a risk for inducing thyroid carcinoma. Moreover, 
subclinical hypothyroidism may have a deleterious effect on wound healing and 
flap survival and is associated with elevated cholesterol levels and congestive 
heart failure [18]. It is therefore suggested that thyroid hormone substitution 
should be administered in the case of subclinical hypothyroidism [19].
On the other hand, in head and neck cancer patients an association between 
development of hypothyroidism and improved survival has been reported 
recently by Nelson et al. [20]. It is possible to speculate that an increased duration 
of hypothyroidism may lead to an improved outcome, because of the role of 
thyroid hormone in controlling the cell cycle, in both normal and neoplastic 
cells. Therefore, theoretically maintaining patients at a clinically tolerable level 
of hypothyroidism may have a beneficial effect in regard to their neoplastic 
disease [20-22]. It is advised that thyroid hormone replacement therapy may not 
be indicated in patients with a prior or current cancer diagnosis and subclinical 
hypothyroidism who are asymptomatic and have a mildly elevated TSH. When 
thyroid function is tested abnormal only medical oncologists prescribe the 
suppletion therapy themselves. Most head and neck surgeons and radiation 
oncologists refer their patients to the departments of internal medicine or 
endocrinology or general practioner for substitution therapy.
None of the physicians screen for parathyroid hormone function. Although 
hypoparathyroidism is predictable after total thyroidectomy, its occurrence 
after laryngectomy and ipsilateral hemithyroidectomy is more variable and is 
dependent on the contralateral devascularization that occurs as a result of the 
neck dissection or mobilization of the preserved lobe. It typically manifests 
within a few days after surgery and may be transient or permanent. Routine 
testing of serum calcium in the first days after (hemi)thyroidectomy is strongly 
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recommended [23]. The need to screen for parathyroid dysfunction is less 
obvious although testing of serum calcium is cheap and can easily be performed 
during thyroid function testing. Moreover, patients who are treated for laryngeal 
or hypopharyngeal cancer should be informed on the signs and symptoms of 
hypoparathyroidism.
Also none of the physicians test on circulating anti-thyroid antibodies. The auto-
antibodies may precede the development of hypothyroidism. A relation between 
hypothyroidism and circulating anti-thyroid antibodies was found [6, 12, 24]. It 
has been suggested to test these auto-antibodies before and after treatment [7].

Conclusion

In conclusion, no uniformity in the management of hypothyroidism after 
treatment of laryngeal or hypopharyngeal carcinoma was found in The 
Netherlands. There is a need for clearer and more detailed guidelines in which 
recommendations on patients’ selection, intervals and laboratory measurements 
of screening on hypothyroidism and its treatment are provided. A prospective 
(longitudinal) study in which thyroid functions are tested in patients after 
treatment for laryngeal or hypopharyngeal cancer may be helpful for the 
development of these guidelines.
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Abstract

The aim of this retrospective study was to evaluate the prognostic significance 
of paratracheal lymph node dissection for the development of hypo(para)
thyroidism. From 1990 to 2004, 169 patients with a carcinoma of the larynx or 
hypopharynx who underwent paratracheal lymph node dissection were selected. 
Data of 137 patients (23 women, 114 men) were analyzed. Hundred patients were 
tested on thyroid function. Patient, tumor and treatment characteristics were 
noted including age, gender, site, TNM stage and details of surgery, radiotherapy 
and chemotherapy. Seventy percent of the tested patients had hypothyroidism 
(36% clinical, 34% subclinical); 33% had hypoparathyroidism. Patients with 
hypo(para)thyroidism underwent various lymph node treatment modalities. For 
the various treatment combinations, no increase of hypo(para)thyroidism was 
found if a bilateral paratracheal lymph node dissection was performed, compared 
to a unilateral paratracheal lymph node dissection. The incidence of hypo(para)
thyroidism after laryngectomy in combination with hemithyroidectomy, neck 
dissection and paratracheal lymph node dissection is high. An additional risk 
of a contralateral paratracheal dissection for the development of hypo(para)
thyroidism could not be shown.
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Introduction

The incidence of endocrine dysfunction after treatment for laryngeal or 
hypopharyngeal carcinoma is high, especially after combination treatment of 
radiotherapy and surgery. The incidence of hypothyroidism is between 10% and 
78%, depending on treatment modalities [1-3]. In our previous cross-sectional 
study we found an incidence of hypothyroidism of 77% in patients after total 
laryngectomy, hemithyroidectomy and radiotherapy. Risk factors for the 
development of hypothyroidism were laryngectomy, hemithyroidectomy and 
ipsilateral neck dissection [4].
Hypothyroidism causes symptoms such as weight gain, cold intolerance, 
dry skin, constipation, depression, cognitive impairment and a decrease in 
gastrointestinal tract motility. These symptoms may have significant impact on 
the quality of life [5, 6].
Hypoparathyroidism is a rare condition and most commonly occurs because of 
damage or removal of (para)thyroid glands at the time of thyroid surgery [7, 8]. 
Hypoparathyroidism is estimated to occur in between 12% and 31% of cases with 
regard to laryngectomy combined with hemithyroidectomy [7].
In advanced laryngeal or hypopharyngeal carcinoma paratracheal lymph node 
(PTLN) dissection is frequently performed [9]. The reported incidence of PTLN 
metastases varies between 9% and 36% depending on the site and stage of the 
primary tumor [10-13].
The vascular supply of the (remaining part of the) thyroid gland may be injured 
during PTLN dissection, which may contribute to the development of hypo(para)
thyroidism [14].
To our knowledge no studies reported the relationship between PTLN dissection 
and development of hypothyroidism. The purpose of this study is to examine if 
PTLN dissection is an additional risk factor for the development of (para)thyroid 
function [4].
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Patients and methods

A retrospective analysis was performed on 169 patients who underwent 
laryngectomy and paratracheal lymph node dissection because of primary or 
recurrent laryngeal or hypopharyngeal carcinoma between 1990 and 2004. 
Thirty-two patients who underwent total thyroidectomy were excluded. In the 
remaining group of 137 patients thyroid function was tested on indication only. 
Results were obtained from 100 patients.
Patient, tumor and treatment parameters were collected including age, gender, 
site, TNM stage and details of surgery, radiotherapy and chemotherapy. Thyroid 
function was classified as euthyroidism (normal TSH (0.3-4.5 mU/L) and normal 
free T4 (11.0-24.0 pmol/L)), clinical hypothyroidism (high TSH and low free T4) 
and subclinical hypothyroidism (high TSH and normal free T4). Parathyroid 
function was classified as normal if calcium serum levels were between 2.20 and 
2.60 mmol/L with a serum albumin of 35-52 G/L. Corrected calcium levels were 
used.
Comparison contingency tables were made with Pearsons Chi-Square for 
nominal data. P-values less than 0.05 were considered significant.

Results

Data of 23 females and 114 males were analyzed (shown in Table I). The mean 
age was 61.9 years. Fifty-five patients died during follow-up. The primary tumors 
were located in the supraglottis (n=45), glottis (n=64), subglottis (n=1), piriform 
sinus (n=19) and posterior pharyngeal wall or post-cricoid area (n=8). One-
hundred and seventeen tumors were located unilaterally and 20 had a midline 
location.
Tumor stage was T2, T3 and T4 in 3, 28 and 40 cases, respectively, whereas 66 
patients had a recurrence after radiotherapy. Thirty-six patients were staged as 
a N0 neck. Fifteen patients were classified with a N1 neck, 16 with N2, 4 with N3 
and all 66 patients with a local recurrence with a N0 neck.
All, but one patient underwent total laryngectomy. Hundred and thirty-two 
patients underwent hemithyroidectomy. Ninety patients underwent a modified 
radical or selective neck dissection on the ipsilateral side, and 49 patients a 
bilateral neck dissection. All 137 patients underwent a paratracheal lymph node 
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dissection of the ipsilateral side and 70 (51%) bilaterally. All patients except 9 
received radiotherapy; 67 patients received radiotherapy as primary treatment 
(3 patients combined with chemotherapy) and 61 patients received radiotherapy 
postoperatively.
Thirty-seven patients were not tested for hypothyroidism (30 men, 7 women) 
during follow-up. The prevalence of thyroid dysfunction was 70%. Thirty-six 
patients (36%) had clinical hypothyroidism and 34 patients (34%) had subclinical 
hypothyroidism. Thirty patients had normal laboratory results. Fourteen women 
(87.5%) and 56 men (66.7%) had hypothyroidism.
Table II shows the incidence of hypothyroidism after several combinations of 
paratracheal lymph node dissection (ipsilateral or bilateral) and neck dissection 
(ipsilateral or bilateral). In the PTLN dissection only group, consisting of 
33 patients, 67% of the patients with unilateral PTLN dissection developed 
hypothyroidism versus 60% of the patients with a bilateral PTLN dissection. In 
the ipsilateral neck dissection group, consisting of 29 patients, these figures 
were 83% and 33% and in the bilateral neck dissection group, consisting of 38 
patients, 70% and 75%, respectively.
The differences within these three groups consisted thus in the bilateral 
paratracheal lymph node dissection. However, no statistical relevance in 
univariate and multivariate studies was found.
Comparison contingency tables were made with Pearsons Chi-Square for 
nominal data which showed no statistical significance for paratracheal lymph 
node dissection or any other variable except for age (p=0.003). Therefore, 
stepwise logistic regression analysis was not done.
We found 43 patients (33%) with hypoparathyroidism. Six of the patients tested 
for thyroid dysfunction were not tested for hypoparathyroidism (Table III). 
Thirty-six patients developed hypoparathyroidism within six months after 
surgery, mostly within 7 days postoperatively, 1 patient more than 6 months 
after surgery and 6 patients more than 1 year after surgery. Of the patients 
with hypoparathyroidism, 35 patients were tested for thyroid function as well. 
Seventy-one percent had thyroid dysfunction (37% clinical hypothyroidism and 
34% subclinical hypothyroidism). Patients with bilateral PTLN dissection did not 
develop more often hypoparathyroidism than patients with ipsilateral.
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Table I. Patient, tumor and treatment characteristics associated with hypothyroidism

Variable TSH<4.5 % TSH>4.5 % Not tested p-value

Sex 0.096

male 28 33 56 67 30

female 2 12 14 88 7

Age (years) 0.032

<60 8 20 32 80 10

61-70 13 33 28 67 20

>70 9 47 10 53 7

Site 0.429

supraglottis 7 21 26 79 12

glottis 19 37 32 63 13

subglottis 0 0 0 0 1

piriform sinus 3 27 8 73 8

hypopharynx 1 20 4 80 3

Side 0.409

left 12 32 26 68 17

median 0 0 4 100 16

right 0.495

Stage

T1 0 0 0 0 0

T2 0 0 0 0 3

T3 4 20 16 80 8

T4 11 35 20 65 9

recurrence 15 31 34 69 17

N0 9 32 19 68 8 0.768

N1 4 36 7 64 4

N2 2 22 7 78 1

N3 0 0 3 100 1

N4 0 0 0 0 0

recurrence 15 31 34 69 17

Laryngectomy 1.00

total 30 30 70 70 36

partial 0 0 0 0 1

Hemithyroidectomy 0.125

yes 29 29 70 70 33

no 1 100 0 0 4
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Variable TSH<4.5 % TSH>4.5 % Not tested p-value

Neck dissection

Ipsilateral 0.330

yes 18 27 49 73 23

no 12 36 21 64 14

Contralateral 0.529

yes 10 26 28 74 11

no 20 32 42 68 26

Paratracheal 
dissection

Ipsilateral

yes 30 30 70 70 37

Contralateral 0.315

yes 17 35 32 65 21

no 13 26 38 74 16

Radiotherapy 0.373

yes 28 29 68 71 32

no 2 50 2 50 5

Chemotherapy 0.350

yes (n=19) 0 0 2 100 1

no (n=118) 30 31 68 69 36

Table II. The incidence of hypothyroidism after several lymph node treatment modalities (paratracheal 
lymph node dissection(PTLN) and/or neck-dissection (ND))

ND PTLN TSH<4.5 TSH>4.5 HT

ipsi contra ipsi contra      

    X   6 12 67%

    X X 6 9 60%

X   X   4 19 83%

X   X X 4 2 33%

X X X   3 7 70%

X X X X 7 21 75%

PTLN=paratracheal lymph node dissection, ND=modified radical neck dissection or selective neck 
dissection, HT=hypothyroidism

Table I. continued
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Table III. The number of patients with hypoparathyroidism in relation with hypothyroidism and 
paratracheal neck dissection in months after surgery

    PTLN dissection   Thyroid function    

Hypoparathyroidism ipsilateral bilateral   Normal Clinical 
HT

Subclinical 
HT

Not tested

<6 months 36 18 (50%) 18 (50%)   7 12 (40%) 12 (40%) 5
                 

>6 months 1   1   1      
                 

>1 year 6 2 (30%) 4 (70%)   2 1 (20%)   3

HT=hypothyroidism
Normal=normal thyroid function

Discussion

In the present study the incidence of hypothyroidism after laryngectomy with 
PTLN dissection was 70%. The incidence of hypoparathyroidism was 33%. If it is 
considered that patients who are not tested on indication did not have hypo(para)
thyroidism, the incidence of hypothyroidism and hypoparathyroidism would be 
51% (70 out of 137) and 31% (43 out of 137), respectively. However, our cross-sectional 
study showed a high incidence of occult hypothyroidism [4]. If all patients 
who are not tested would have had hypothyroidism and hypoparathyroidism, 
these figures would be 78% (107 out of 137) and 58% (80 out of 137). Therefore, 
it can be anticipated that if all patients, who undergo total laryngectomy, 
hemithyroidectomy, paratracheal lymph node dissection and radiotherapy, 
were tested the incidences of hypothyroidism would be somewhere between 51% 
and 78%. Only a prospective study in which all patients are routinely screened on 
hypo(para)thyroidism will provide more precise figures. In our previous cross-
sectional study we found an incidence of hypothyroidism of 77% in patients after 
total laryngectomy, hemithyroidectomy and radiotherapy [4].
In our previous study no parathyroid dysfunction was found [4]. Geminiani et al. 
[7] found no parathyroid dysfunction following laryngeal surgery while Thorp et 
al. [15] found after surgery with or without radiotherapy an incidence of 63-89%.
Most patients in our present study developed hypoparathyroidism immediately 
postoperative. This could suggest vascular injury after hemithyroidectomy [14] 
or after PTLN dissection. Therefore, it is advised to determine serum calcium 
directly postoperatively frequently. Most patients with hypoparathyroidism 
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suffer also from hypothyroidism. Therefore, all patients with hypothyroidism 
should be tested for hypothyroidism and the reverse.
In the present study almost all patients underwent at least laryngectomy, 
hemithyroidectomy, radiotherapy together with PTLN dissection. Therefore, it 
could be anticipated that there is no clear additional risk of PTLN dissection for 
the development of hypothyroidism. Moreover, we did not find an additional 
effect of a bilateral PTLN dissection on the development of hypothyroidism in 
the various treatment groups.
In the present study age was the only significant prognostic factor for the 
development of hypothyroidism. It is known that with aging more persons 
generally develop hypothyroidism. In a previous study hemithyroidectomy was 
one of the most important prognostic factors [4]. In the present study all patients 
underwent hemithyroidectomy.
There are no general guidelines in performing a PTLN dissection. Usually 
a PTLN dissection is performed in advanced laryngeal or hypopharyngeal 
carcinomas with subglottic involvement [8, 12]. It still remains to be identified 
in which patients PTLN dissection is really indicated [9]. Therefore, for clinical 
decision making and counseling it is important to know that even bilateral PTLN 
dissection does not contribute to the risk of development of hypothyroidism 
after treatment of laryngeal or hypopharyngeal cancer.

Conclusion

In conclusion, the incidence of hypo(para)thyroidism after laryngectomy 
combined with hemithyroidectomy and PTLN dissection is high. Contralateral 
PTLN dissection can be performed without additional risk of hypo(para)
thyroidism.
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Abstract

 Hypothyroidism is a well-known complication following treatment of laryngeal 
and hypopharyngeal carcinomas and may cause various psychological and 
physical problems that negatively affect quality of life. The aim of the study 
was to evaluate the effect of substitution therapy on symptoms in patients 
with hypothyroidism. A study specific questionnaire on psychological and 
physical problems (before and after substitution therapy) was sent to 70 
patients who had been treated between 1977 and 2008 with clinical or subclinical 
hypothyroidism. Ninety-four percent returned the questionnaire. Symptoms on 
energy levels were reported most often (67% always tired and 70% lack of energy). 
Moodiness and emotional symptoms and physical symptoms were reported 
more often in substituted (sub)clinical hypothyroidism. Substitution therapy 
resulted in an improvement of energy (p=0.013), sense of general interest and 
enjoyment (p=0.022), and a reduction of puffy face (p=0.041). Most symptoms 
in patients with thyroid dysfunction do not improve after substitution therapy. 
Nevertheless, due to its impact on health-related quality of life and the low 
burden of substitution therapy, screening for hypothyroidism and subsequent 
substitution therapy remains important.
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Introduction

Hypothyroidism is a well-known complication following treatment of laryngeal 
and hypopharyngeal carcinomas due to the close anatomic proximity of the 
thyroid gland to the larynx, hypopharynx and cervical lymph nodes. Depending on 
the extent of treatment, the reported incidence of hypothyroidism varies between 
27-78%, with the highest incidence found after combination therapy of surgery 
and radiotherapy [1, 2]. Surgery is believed to cause damage to the vasculature 
of the thyroid gland and radiation can cause damage by inducing fibrosis within 
the capsule of the thyroid gland [3, 4]. Thyroid dysfunction may cause various 
psychological and physical symptoms that negatively affect quality of life. The 
main psychological symptoms include anxiety, dysphoria, emotional instability, 
depression, insomnia and cognitive dysfunction [5]. Physical symptoms consist 
of weight gain, cold intolerance, dry skin, constipation, a lack of energy and 
fatigue [6, 7]. Several studies have shown that subclinical hypothyroidism is a 
risk factor for coronary disease and atherosclerosis [8-10]. In patients treated 
for laryngeal and hypopharyngeal cancer, weight gain and cold intolerance were 
significantly increased and associated with hypothyroidism [11]. In patients with 
clinical hypothyroidism, substitution therapy with thyroxin is considered to be 
safe and inexpensive. Treatment of subclinical hypothyroidism is controversial. 
Gulseren et al. [5] found significant improvements of anxiety, depression and 
fatigue both in clinical and subclinical hypothyroidism.  However, Jaeschke 
et al. [7] found a lack of symptom response in subclinical hypothyroidism 
and suggested that symptoms were nonspecific and might not be caused by 
(subclinical) hypothyroidism. Walsch et al. [10] discovered that small changes 
in thyroxin dosage, with the aim of achieving serum TSH concentrations in the 
lower reference range, did not change well-being or quality of life. Razvi et al. 
[8] stated that substitution of subclinical hypothyroidism leads to a significant 
improvement of cardiovascular risk factors and fatigue. A recent Cochrane 
review [12] did not find statistically significant improvement of health-related 
quality of life and symptoms when comparing treated and untreated patients 
diagnosed with subclinical hypothyroidism. Because substitution therapy 
requires lifelong monitoring with subsequent problems of labeling, multi-drug 
therapy and thyroid hormone-induced osteoporosis, Jaeschke et al. [7] suggest 
watchful waiting in case of subclinical hypothyroidism.
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In the past, several questionnaires have been used scoring symptoms associated 
with hypothyroidism. McMillan et al. [13] suggest using a questionnaire focusing 
on the impact of hypothyroidism on personally applicable life domains of the 
patient, by asking questions regarding work, spare time, family life and social 
life. Others suggest using a disease-specific questionnaire geared towards 
symptoms including physical complaints, emotional problems, decreased energy 
and/or well-being and cognitive decline [6, 7, 14]. In the present study, we use a 
study-specific questionnaire based on the disease-specific questionnaires. The 
number of questions regarding physical symptoms, energy levels, moodiness 
and emotional symptoms has been narrowed down to make the questionnaire 
easier for patients.
The aim of this study is to evaluate the importance of various aspects of 
hypothyroidism and the effect of substitution therapy on the quality of life in 
patients who have been treated for laryngeal and hypopharyngeal carcinomas 
and who have subsequently developed hypothyroidism.

Material and methods

This study was conducted by systematically questioning a group of patients 
previously treated for laryngeal and hypopharyngeal cancer by means of surgery, 
with or without radiotherapy or (chemo)radiotherapy, and subsequently 
developed clinical or subclinical hypothyroidism. The databases from a cross-
sectional study and a prospective study (started in 2004) were used [11]. Patients 
with psychiatric disorders or total thyroidectomy were excluded. All patients 
who had developed overt hypothyroidism or subclinical hypothyroidism before 
March 2008 were included. A total of 37 patients with clinical hypothyroidism 
and 60 patients with subclinical hypothyroidism were identified. Twenty-seven 
patients had died before questionnaires were send. The study cohort thus 
consisted of 70 patients. Thirty-eight patients were from our previous reported 
cross-sectional study. At that time no routine monitoring of thyroid function 
was performed and thus the chronology of development of the hypothyroidism 
could not be evaluated. The remaining 32 patients were from a prospective study 
in which thyroid function was performed every 6 months after cancer treatment. 
Prior to sending the questionnaire out, the patients were divided in two groups; 
overt hypothyroidism (n=28) and subclinical hypothyroidism (n=42).
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The median time to development of hypothyroidism in the latter group was 10 
months.
Hypothyroidism was defined as overt (clinical) if basal thyroid-stimulating 
hormone (TSH) was increased and if free thyroxin (FT4) was decreased. 
Hypothyroidism was defined as subclinical if the basal TSH was increased 
and FT4 was normal. Reference values in this study were TSH 0.3-4.5 mU/l 
and FT4 11.0-24.0 pmol/l. Patients with overt hypothyroidism and those with 
subclinical hypothyroidism characterized by TSH>10.0 mU/l were referred 
to an endocrinologist for substitution therapy. Patients with subclinical 
hypothyroidism and TSH<10.0 mU/l were not treated unless clear symptoms of 
hypothyroidism existed. Of the 42 patients with subclinical hypothyroidism, 7 
patients were staged with T1, 15 patients were staged with T2, 5 patients with 
T3, 6 patients with T4 and 9 patients were treated for recurrence. Of these 
patients, 30 were treated by radiation only and 12 by total laryngectomy with 
hemithyroidectomy and postoperative radiotherapy. Of the 28 patients with 
clinical hypothyroidism, 7 patients were staged with T2, 4 patients with T3, 8 
patients with T4 and 9 patients were treated for recurrence after (chemo)
radiotherapy. Of these patients, 16 received radiotherapy only and 12 patients 
total laryngectomy, hemithyroidectomy and postoperative radiotherapy. As only 
routine clinical data and questionnaires were used, approval by the medical 
ethical committee was considered not to be necessary.

Questionnaire

A study-specific questionnaire was used. Patients were given a list of questions 
that queried physical symptoms, energy levels, moodiness and emotional 
symptoms before and after substitution therapy. Patients with subclinical 
hypothyroidism, who were not treated with substitution therapy, filled out the 
first part of the questionnaire only. Patients filled in the questionnaire and rated 
how they felt before and after substitution therapy on a scale of 1 (no symptoms) 
to 5 (extremely large number of symptoms), retrospectively. There was adequate 
space available for comments. Patients were asked to return the questionnaire 
anonymously. The questionnaire was first sent out in March 2008. In May 2008, 
the questionnaire was sent out once more to all patients excepting those who 
had returned the questionnaire including their name.
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Questionnaire

Name………………………………………………

Do you use substitution therapy?   yes  no  

Do you have thyroid screening on a regular basis?  yes  no

Part 1:
Symptoms after surgery and/or radiotherapy, prior to the diagnosis of hypothyroidism.
 (1=no symptoms; 2=few symptoms; 3=average number of symptoms; 4=large number of 
symptoms; 5=extremely large number of symptoms)

Physical symptoms
Weight gain 1 2 3 4 5
Puffy face  1 2 3 4 5
Cold intolerance 1 2 3 4 5
Dry skin 1 2 3 4 5
Dry hair 1 2 3 4 5
Swollen hands 1 2 3 4 5
Muscle weakness 1 2 3 4 5

Energy levels
Always tired 1 2 3 4 5
Increased need of sleep 1 2 3 4 5
Lack of energy 1 2 3 4 5
Physically slower 1 2 3 4 5
Mentally slower 1 2 3 4 5
General exhaustion 1 2 3 4 5
Less interest in going out 1 2 3 4 5
Slower movements 1 2 3 4 5

Moodiness and emotional symptoms
Feeling frustrated 1 2 3 4 5
Feeling depressed 1 2 3 4 5
Difficulty concentrating 1 2 3 4 5
Decreased sense of general interest and enjoyment 1 2 3 4 5
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Part 2:
Symptoms after substitution therapy was started
(1=no symptoms; 2=few symptoms; 3=average number of symptoms; 4=large number of 
symptoms; 5=extremely large number of symptoms)

Physical problems
Weight gain 1 2 3 4 5
Puffy face  1 2 3 4 5
Cold intolerance 1 2 3 4 5
Dry skin 1 2 3 4 5
Dry hair 1 2 3 4 5
Swollen hands 1 2 3 4 5
Muscle weakness 1 2 3 4 5

Energy levels
Always tired 1 2 3 4 5
Increased need of sleep 1 2 3 4 5
Lack of energy 1 2 3 4 5
Physically slower 1 2 3 4 5
Mentally slower 1 2 3 4 5
General exhaustion 1 2 3 4 5
Less interest in going out 1 2 3 4 5
Slower movements 1 2 3 4 5

Moodiness and emotional symptoms
Feeling frustrated 1 2 3 4 5
Feeling depressed 1 2 3 4 5
Difficulty concentrating 1 2 3 4 5
Decreased sense of general interest and enjoyment 1 2 3 4 5
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Because of the small number of patients, scores 2 and 3 as well as 4 and 5 were 
grouped for statistical analysis. A score change, the difference in symptoms-
score before and after substitution, was noted. Wilcoxon signed ranks test and 
Mc Nemar test were used to compare the two groups. Pearsons Chi-Square test 
was used to test for differences in improvement after substitution therapy. 
P-values less than 0.05 were considered significant.

Results

Sixty-six patients returned the questionnaire (response rate of 94%). Thirty-four 
patients received substitution therapy for clinical or subclinical hypothyroidism 
and 32 patients were not treated for their subclinical hypothyroidism.
Symptoms on energy levels and moodiness and emotional symptoms were 
reported most often before substitution therapy was started. A lack of energy 
was the most frequently reported complaint (70%) following treatment of a 
laryngeal and hypopharyngeal carcinoma. Many patients mentioned symptoms 
of being always tired (67%) and an increased need for sleep (64%). A substantial 
number of patients mentioned being slower physically (58%), slower movements 
(58%), difficulty concentrating (56%) and cold intolerance (53%) (Table I). Besides 
their responses to the items included in the questionnaire, 9 patients reported 
other symptoms after oncological treatment such as headache, heavy breasts, 
numbness of fingers, numbness of hands, swollen feet, pale hands or feet, itchy 
hands and irritability. Five patients specifically reported significant improvement 
after substitutition therapy. Two patients reported an inability to compare 
symptoms before and after substitution therapy, as their hypothyroidism was 
directly diagnosed and treated, postoperatively.
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Table I. Symptoms after treatment for laryngeal and hypopharyngeal cancer in patients who developed 
hypothyroidism

Symptoms NO YES

(n) (%) (n) (%)

Physical symptoms

Weight gain 41 62.1 25 37.9

Puffy face 48 72.7 18 27.3

Cold intolerance 31 47.0 35 53.0

Dry skin 33 50.0 33 50.0

Dry hair 39 59.1 27 40.9

Swollen hands 56 82.8 10 17.2

Muscle Weakness 37 56.1 29 43.9

Energy levels

Always tired 22 33.3 44 66.7

Increased need of sleep 24 36.4 42 63.6

Lack of energy 20 30.3 46 69.7

Physically slower 28 42.4 39 57.6

Mentally slower 37 56.1 29 43.9

General exhaustion 33 50.0 33 50.0

Less interest in going out 37 56.1 29 43.9

Slower movements 28 42.4 39 57.6

Moodiness and emotional symptoms

Feeling frustrated 35 53.0 31 47.0

Feeling depressed 38 57.6 29 42.4

Difficulty concentrating 29 43.9 37 56.1

Decreased sense of general interest 
and enjoyment

32 48.5 34 51.5

NO=score 1=no symptoms
YES=score 2+3+4+5=few symptoms+average number of symptoms+large number of symptoms+extremely 
large number of symptoms

In comparison to the group of patients that did not receive treatment, the patients 
that were treated with substitution therapy had, prior to treatment, more often 
complaints of muscle weakness and a decreased sense of general interest and 
enjoyment (p=0.012 and p=0.011). Differences were also seen in symptoms such 
as difficulty concentrating (p=0.030), slower movements (p=0.039) and cold 
intolerance (p=0.046) (Table II).
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Table II. Symptoms in patients with substituted hypothyroidism (HT) (overt and subclinical) compared 
with non-substituted subclinical HT after treatment for laryngeal and hypopharyngeal cancer

Symptoms Substituted HT  
(n=34)

Non-substituted HT 
(n=32)

p-value

Score (1-5) 1 2+3 4+5 1 2+3 4+5

n % n % n % n % n % n %

Physical symptoms

Weight gain 21 61.7 12 35.3 1 2.9 20 62.5 9 28.1 3 9.4 0.533

Puffy face 24 70.6 4 11.8 6 17.6

Cold intolerance 14 41.2 11 32.4 9 26.5 24 75.0 8 25.0 0 0 0.072

Dry skin 16 47.0 10 34 8 23.5 17 53.0 13 40.6 2 6.3 0.046

Dry hair 20 58.8 9 26.5 5 14.7 17 53.0 10 31.3 5 15.6 0.435

Swollen hands 28 82.4 5 14.7 1 2.9 19 59.3 13 40.6 0 0 0.149

Muscle weakness 16 47.0 9 26.5 9 26.5 28 87.5 4 12.5 0 0 0.364

Energy levels

Always tired 11 32.4 11 32.4 12 35.3 11 34.4 13 40.6 8 25.0 0.453

Increased need of sleep 11 32.4 13 38.2 10 34.0 13 40.6 11 34.4 8 25.0 0.563

Lack of energy 10 34.0 13 38.2 11 32.4 10 31.3 15 46.9 7 21.9 0.427

Physically slower 14 41.2 10 34.0 10 34.0 14 43.8 15 46.9 3 9.4 0.118

Mentally slower 18 52.9 9 26.5 7 20.6 19 59.3 12 37.5 1 3.1 0.086

General exhaustion 16 47.0 10 34.0 8 23.5 17 53.0 12 37.5 3 9.4 0.194

Less interest in going out 17 50.0 9 26.5 8 23.5 20 62.5 10 31.3 2 6.3 0.071

Slower movements 13 38.2 11 32.4 10 34.0 15 46.9 15 46.9 2 6.3 0.039

Moodiness and emotional symptoms

Feeling frustrated 16 47.0 10 34.0 8 23.5 19 59.3 8 25.0 5 15.6 0.320

Feeling depressed 18 52.9 8 23.5 8 23.5 20 62.5 8 25.0 4 12.5 0.256

Difficulty concentrating 11 32.4 14 41.2 9 26.5 18 56.3 11 34.4 3 9.4 0.030

Decreased sense of general 
interest and enjoyment

12 35.3 11 32.4 11 32.4 20 62.5 9 28.1 3 9.4 0.011

Score 1= no symptoms, score 2=few symptoms, score 3=average number of symptoms; score 4=large num-
ber of symptoms, score 5=extremely large number of symptoms

For 60-94% of patients in the group that received substitution therapy symptoms 
did not improve following substitution. Six patients (18%) specifically mentioned 
no improvement in symptoms after substitution therapy was started. Reported 
improvement in symptoms after substitution therapy included lack of energy (7 
patients improved one score-change; 2 patients improved two score-changes); 
decreased sense of general interest and enjoyment (5 patients improved one 
score-change; 4 patients improved two score-changes); puffy face (2 patients 
improved one score-change; 2 patients improved two score-changes and 1 
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patient improved three score-changes) and being physically slower (8 patients 
improved one score-change; 1 patient improved two score-changes). A non-
significant trend towards improvement of symptoms was found in favour of the 
treated group considering dry skin and general exhaustion (7 patients improved 
one score-change on both symptoms) and slowing of movements (6 patients 
improved one score-change) (Table III).

Table III. Improvement in symptoms after substitution therapy

Symptoms Score change (n=34) Mean score  
change

p-value

-3 -2 -1 0 1 2 3

detoriation improvement

Physical problems

Weight gain 1 2 26 4 1 0.029 0.660

Swollen face 29 2 2 1 0.265 0.041

Cold intolerance 4 23 3 4 0.206 0.118

Dry skin 1 1 4 20 7 1 0.059 0.816

Dry hair 2 2 28 2 0.118 1.234

Swollen hands 1 32 1 0.029 0.655

Muscle weakness 1 1 28 4 0.029 1.738

Energy levels

Always tired 3 24 7 0.118 0.206

Increased need of sleep 1 1 24 5 3 0.235 0.103

Lack of energy 1 24 7 2 0.294 0.013

Physically slower 1 24 8 1 0.235 0.051

Mentally slower 1 27 5 1 0.147 0.187

General exhaustion 1 2 26 5 0.029 0.763

Less interest in going out 1 1 28 3 1 0.059 0.588

Slower movements 3 24 6 1 0.147 0.166

Moodiness and emotional problems

Feeling frustrated 5 23 3 3 0.118 0.329

Feeling depressed 3 26 3 2 0.118 0.271

Difficulty concentrating 1 1 24 5 3 0.206 0.143

Decreased sense of general 
interest and enjoyment

2 23 5 4 0.324 0.022

Score change=the difference between symptom score (score 1=no symptoms, score 2=few symptoms, 
score 3=average number of symptoms, score 4=large number of symptoms, score 5=extremely large 
number of symptoms) before and after substitution therapy. Positive number means improvement and 
negative number means detoriation of symptoms after substitution therapy
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Discussion

The present study shows the prevalence of a wide variety of symptoms in 
patients diagnosed with hypothyroidism after treatment of a laryngeal and 
hypopharyngeal carcinoma with laryngectomy and radiotherapy. A lack of 
energy, always being tired, an increased need of sleep and being physically 
slower are reported most often. These symptoms however, are often mentioned 
after cancer treatment and are therefore not specific to hypothyroidism. 
Watt et al. [14] stressed that symptoms related to general well-being are more 
relevant, whereas clinicians tend to focus on physical symptoms characteristic 
for hypothyroidism. It is arguable whether thyroxin substitution should be 
administered in case of subclinical hypothyroidism. A recent Cochrane review [12] 
did not show improvement in symptoms after substitution therapy in patients 
with subclinical hypothyroidism. However, over the long term, it is commonly 
assumed that subclinical hypothyroidism evolves into clinical hypothyroidism, 
and it is reported that high serum level of TSH are a risk for thyroid carcinoma 
[15]. Moreover, subclinical hypothyroidism may have a deleterious effect on 
wound healing and flap survival and is associated with elevated cholesterol 
levels and congestive heart failure [16]. It is therefore suggested that thyroid 
hormone substitution be administered in case of subclinical hypothyroidism, at 
least when TSH>10.0 mU/l.
On the other hand, in head and neck cancer patients an association between 
development of hypothyroidism and improved survival has been recently 
reported by Nelson et al. [16]. In a retrospective study, they found that patients 
who develop secondary hypothyroidism after treatment have increased overall 
survival and recurrence-free survival compared to patients who did not become 
hypothyroid [16]. In view of the growing body of evidence supporting a permissive 
role for thyroid hormone in the growth of certain solid tumours, this may be 
especially relevant for individuals with a prior or current cancer diagnosis [17].
Only very limited data are available on quality of life in patients with 
hypothyroidism after treatment of laryngeal and hypopharyngeal carcinoma. 
Because head and neck cancer patients may already have a diminished quality 
of life, data on quality of life in other patients with hypothyroidism may not be 
applicable to patients with hypothyroidism due to treatment of laryngeal and 
hypopharyngeal carcinoma. Our results can improve patient counselling and 
also provide guidance in observing symptoms attributed to hypothyroidism after 
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oncological treatment and in evaluating subsequent response to substitution 
therapy.
One limitation of our study is the lack of a control group of patients treated 
for a laryngeal and hypopharyngeal carcinoma without hypothyroidism. The 
second limitation is that we do not know whether other comorbidities, other 
than psychiatric disorder and thyroid disorder, were present which may cause 
symptoms similar to those found in hypothyroidism. Moreover, due to the 
anonymous character of the survey no real distinction could be made between 
clinical and subclinical hypothyroidism treated by substitution therapy for the 
entire group. Because most patients with subclinical hypothyroidism were not 
treated, we might expect the vast majority of the treated group of patients to 
consist of patients with clinical hypothyroidism. The third limitation is that our 
survey was a retrospective study in which patients were asked to score their 
symptoms before and after substitution therapy. It may have been difficult for 
patients to score their symptoms due to the time interval, and a longitudinal, 
prospective study would reveal more reliable data. We included patients with 
clinical or subclinical hypothyroidism, with and without substitution therapy. 
Patients with subclinical hypothyroidism probably have fewer symptoms and 
therefore may not benefit from thyroxin substitution as stated by the recent 
Cochrane review [12]. Therefore, the effect of substitution therapy in patients 
with clinical hypothyroidism may be greater than the effect found in our entire 
group, consisting of both clinical and subclinical hypothyroidism patients who 
have received substitution therapy.
We found at diagnosis that most symptoms were very similar in patients with 
treated or non-treated hypothyroidism. Jaeschke et al. [6, 7] found a higher 
frequency of symptoms such as dry skin, weight gain, feeling physically 
slower, a lack of energy, an increased need of sleep and feeling tired in overt 
hypothyroidism, by comparison to subclinical hypothyroidism. The present 
study found that patients more often reported cold intolerance, muscle 
weakness, slower movements, difficulty concentrating and a decreased sense of 
general interest and enjoyment. Despite thyroxin substitution treatment, most 
patients still reported several symptoms attributable to hypothyroidism [5, 8] as 
also reported by Romijn et al. [18] and the recent Cochrane review on subclinical 
hypothyroidism [12]. Because data on thyroxin dosage and thyroid function 
after substitution were not available for all patients, it is possible that some 
patients received suboptimal substitution of hypothyroidism [19]. However, 
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these symptoms may also be caused by other comorbidities or might be due to 
another sequela of cancer and its treatment. Moreover, the symptoms that are 
erroneously considered to be classical hypothyroid symptoms may be difficult 
to treat [14].
Screening for hypothyroidism and substitution therapy following treatment of 
a laryngeal and hypopharyngeal carcinoma remains of the utmost importance. 
Fairly simple screening procedures, such as thyroid function testing and patient 
questionnaires, may improve at least some aspects of the quality of life for 
patients [15].

Conclusion

In patients treated for laryngeal and hypopharyngeal cancer several symptoms 
can be observed that may be caused by hypothyroidism. Substitution therapy 
only improves a few symptoms such as a puffy face, a lack of energy, a decreased 
sense of general interest and enjoyment and being physically slower. Although 
improvement of quality of life may be limited, substitution therapy of clinical 
and subclinical (if TSH >10.0mU/l) hypothyroidism is advised because of the 
easy and inexpensive treatment and potential prevention of wound healing and 
cardiovascular problems.
Prospective randomized studies should include both the symptoms and the 
response to substitution therapy of larger groups of patients diagnosed with 
either clinical or subclinical hypothyroidism.
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Abstract

The incidences of hypo(para)thyroidism were assessed prospectively in 137 
consecutive patients with laryngeal (84.7%) or hypopharyngeal (15.3%) carcinoma 
who were treated with surgery and / or radiotherapy between 2004 and 2006.
Laboratory studies were performed in patients before primary or salvage 
treatment of a laryngeal or hypopharyngeal carcinoma and were repeated 6, 12, 18 
and 24 months after treatment. All patients were evaluated for the development 
of hypo(para)thyroidism, and the presence of autoantibodies. The association 
of hypothyroidism was analyzed against several patient parameters including 
tumor and treatment characteristics.
The incidence of hypothyroidism following treatment of laryngeal or 
hypopharyngeal carcinoma was 47.4%: 27.7% subclinical hypothyroidism and 
19.7% clinical hypothyroidism. The median time to develop hypothyroidism 
was 10 months. The incidence of hypoparathyroidism was 7.3%. Univariate 
analysis showed that patients with laryngectomy, hemithyroidectomy, neck 
dissection, paratracheal lymph node dissection and radiotherapy had a higher 
risk of developing hypothyroidism. Multivariate analysis showed laryngectomy, 
hemithyroidectomy, neck dissection and age to be predictive factors for the 
development of hypothyroidism. The combination of surgery and radiotherapy 
increased this risk. Hemithyroidectomy was the most important risk factor.
The incidence rate of hypothyroidism after treatment of laryngeal or 
hypopharyngeal carcinoma in this highest prospective study is high (47.4%), 
especially after combination treatment. Based on the intervals between 
treatment and the development of hypothyroidism, thyroid testing before 
treatment, every 3 months during the first year, every 6 months the second year 
and annually thereafter is recommended as screening procedure.
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Introduction

One of the consequences of treatment of laryngeal or hypopharyngeal carcinoma 
is that thyroid function may become impaired. The incidence of hypothyroidism 
after treatment of laryngeal or hypopharyngeal carcinoma is high and dependent 
on the treatment modalities employed. Hypothyroidism occurs more often after 
radiotherapy combined with surgery than after radiotherapy alone. Since clinical 
hypothyroidism can develop years after treatment, long-term monitoring of 
thyroid functions in this patient group is advised [1-4].
The thyroid gland contains extensive lymphoid and vascular networks through 
which cancer disseminates quickly throughout the thyroid gland once it is 
invaded [4]. Predisposing factors for thyroid gland involvement are fixation of 
the hemilarynx by tumor and subglottic extension [5-7]. Therefore, ipsilateral 
hemithyroidectomy is considered routine surgical practice for patients 
undergoing total laryngectomy [2, 5, 8]. Resection of part of the thyroid gland 
for oncological reasons may injure the vascular supply of the remaining 
gland. Also local or proximal lymph node dissection may contribute to the 
devascularization of the thyroid gland [9]. Consequently, risk factors for the 
development of hypothyroidism are laryngectomy and lymph node dissection 
[2, 3, 10, 11]. Radiation induces damage to the endothelial cells of the thyroid 
capillary network [1] and may result in thyroid dysfunction several years after 
radiotherapy because of microvascular and parenchymal damage, leading to 
loss of functional glandular tissue and fibrosis of the thyroid [12-14].
Hypothyroidism has been associated with several clinical problems and 
symptoms such as delayed wound healing, pharyngo-cutaneous fistula, stomal 
healing problems (e.g. after salvage surgery) and, indirectly, with difficult 
speech rehabilitation. General signs and symptoms include arrhythmias, 
hypercholesterolaemia, weight gain, cold intolerance, dry skin, constipation, 
depression and cognitive impairment [12, 13, 15]. These consequences have the 
potential of significantly further impairing quality of life after treatment of 
laryngeal or hypopharyngeal carcinoma.
The importance in detecting subclinical hypothyroidism lies in its potential 
progression into clinical hypothyroidism with its associated complications [1, 
14]. Since thyroid function is usually tested infrequently, hypothyroidism tends 
to be diagnosed by the manifestation of clinical symptoms and signs and hence 
treated late [11].
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There are several retrospective and a few prospective studies demonstrating 
an association between the development of hypothyroidism and surgery 
(laryngectomy, hemithyroidectomy and/or lymph node dissection), radiotherapy 
(dose and field) and time post-treatment [1, 2, 10]. Also, a relation between 
hypothyroidism and circulating anti-thyroid antibodies has been found [10, 
15-17]. However, it is not clear if radiation induces development of these 
antibodies or that patients with circulating anti-thyroid antibodies predispose 
for development of hypothyroidism after radiotherapy.
Hypoparathyroidism may also occur after treatment for head and neck cancer 
as a consequence of tumor invasion and (combined) treatment of laryngeal or 
hypopharyngeal carcinoma. Although it is predictable after total thyroidectomy, 
its occurrence after other treatments is more variable.
The present study aims to evaluate prospectively the incidence of hypothyroidism 
in a group of patients treated for laryngeal or hypopharyngeal carcinoma and to 
evaluate its association with patient, tumor and treatment characteristics and 
anti-thyroid antibodies.

Patients and methods

A prospective study was performed on 147 patients treated for laryngeal 
or hypopharyngeal carcinoma between July 2004 and December 2006. The 
institutional ethics committee approved this study and informed consent was 
obtained from each patient. Patients who had pre-existing thyroid dysfunction 
and those that needed total thyroidectomy were not included. Ten patients were 
excluded because of thyroid dysfunction other than (sub)clinical hypothyroidism. 
Consequently, 137 patients remained for further analysis.
Patient, tumor and treatment parameters were recorded, including age, gender, 
tumor site, TNM stage, details of surgery, radiotherapy (dose and timing), 
chemotherapy and histopathological examination of the removed thyroid 
glandular tissue (histopathological changes and tumor invasion). Details of 
surgery included type of laryngectomy (partial, total), hemithyroidectomy, 
ligation of thyroid arteries on preserved side, type of neck dissection, and 
paratracheal lymph node dissection (PLND).
Thyroid functions were classified as euthyroidism (normal TSH (0.3-4.5 mU/L) 
and normal free T4 (11.0-24.0 pmol/L)), subclinical hypothyroidism (elevated 
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TSH and normal free T4), clinical hypothyroidism (elevated TSH and decreased 
free T4), subclinical hyperthyroidism (decreased TSH and normal free T4) and 
clinical hyperthyroidism (decreased TSH and elevated free T4). Parathyroid 
function was classified as normal when serum calcium (corrected for abnormal 
albumin) was between 2.20 and 2.60 mmol/L. Hypoparathyroidism was defined 
as decreased corrected calcium serum levels.
To assess the presence of anti-thyroid peroxidase (TPO) antibodies, Thymune-
MTM test (Murex, Biotech Limited, Dartford, Kent, UK) was used. With this 
passive haemogluttination test, red blood cells are coated with thyroid antigen 
and mixed with serum of the patient. TPO antibodies will cause agglutination 
of the red blood cells. TPO antibody titres exceeding 1:1040 were considered to 
be positive. Only anti-thyroperoxidase (anti-TPO) was measured because our 
earlier study [10] showed a higher association of anti-TPO with hypothyroidism 
than of anti-thyroglobulin (anti-Tg) with hypothyroidism.
In this study all patients were followed for a period of 24 months after treatment 
of their laryngeal or hypopharyngeal carcinoma or until they died of their disease, 
became unavailable for follow-up or developed (para)thyroid dysfunction. 
All patients with subclinical hypothyroidism with TSH>10.0 mU/L or clinical 
hypothyroidism were referred to the endocrinology service for hormone 
substitution therapy. Biochemical studies were performed before treatment and 
were repeated at 6 months intervals until the end of the study, thereafter routine 
follow-up was continued.
Comparison contingency tables were made with Pearsons Chi-Square for 
nominal data and the trend test for ordinal data. To assess the mutual effects of 
variables on a dichotomous outcome, stepwise logistic regression analysis was 
implemented. P-values less than 0.05 were considered significant. The time to 
the development of hypothyroidism was analyzed and corrected for survival rate.

Results

Data of 137 patients were analyzed (21 female and 116 male patients). Mean age 
was 63 years (range 42-90). Male to female ratio was 5.5:1. Follow-up time ranged 
from 6 to 24 months. Twenty-six patients died during the study period. The 
incidence of hypothyroidism was 47.4%: 27.7% subclinical hypothyroidism and 
19.7% clinical hypothyroidism. Mean level of TSH at detection of (sub)clinical 
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hypothyroidism was 15.8 mU/L and of free T4 was 11.4 pmol/L. Patient, tumor 
and treatment characteristics and the incidences of (subclinical and clinical) 
hypothyroidism and their association are described in Table I. The median 
time to develop hypothyroidism was 10 months (range 6-24; 80% between 6 
and 12 months after treatment). Cumulative incidence of the development of 
hypothyroidism during 24 months after treatment was 47.5% (Figure I).
Hypoparathyroidism was found in 7.3% of patients within 24 months after 
treatment. Mean level of corrected calcium serum level was 2.00 (+/-0.195) 
mmol/L (range 1.59-2.19) in patients with hypoparathyroidism.
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Figure I. Cumulative incidence (CI) of hypothyroidism (in %) and follow-up time (in months)

Surgery

Thirty-seven (27.0%) patients underwent total laryngectomy and 3 (2.2%) patients 
underwent partial laryngectomy. The type of laryngectomy (total laryngectomy 
versus partial laryngectomy) was a significant predictive factor for subsequent 
hypothyroidism (p=0.000).
All 37 patients treated with total laryngectomy underwent ipsilateral 
hemithyroidectomy. Of the three patients treated with partial laryngectomy, 
1 patient underwent partial thyroidectomy and the other 2 patients did not 
undergo thyroidectomy. Of the patients treated by total laryngectomy and 
hemithyroidectomy, 29 (78.3%) patients developed hypothyroidism. The 
patient with partial laryngectomy and partial thyroidectomy developed clinical 
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hypothyroidism. Hemithyroidectomy was a significant predictive factor for 
hypothyroidism (p=0.000).
Twenty-two (59.6%) of the patients who underwent total laryngectomy and 
hemithyreoidectomy had tumor invasion in the thyroid cartilage without 
invasion in the thyroid gland. In 4 (10.8%) patients tumor was found in the 
thyroid gland and in the thyroid cartilage.
Histopathological examination of the thyroid glandular tissue showed pathologic 
changes other than tumor involvement; i.e. atrophy in 54.1%, multinodular 
goiter in 16.2%, fibrosis in 3.5% and thyroiditis in 13.5%. Five (13.5%) patients 
showed signs of inactive follicles of which two (40%) patients were euthyroid, 
one (20%) patient had subclinical hypothyroidism and two (40%) patients had 
clinical hypothyroidism. One (2.7%) patient had severe signs of radionecrosis 
and had clinical hypothyroidism. The patients with goiter had atrophy in the 
anterior part of the thyroid only. Data are shown in Table II. Invasion of the 
thyroid gland by carcinoma and histopathological changes in the thyroid tissue 
appeared to be no significant predictive factor.
Forty-three patients underwent a neck dissection; 23 patients were treated with 
bilateral neck dissection. All 37 patients treated with total laryngectomy and 
hemithyroidectomy underwent a neck dissection. Patients with unilateral neck 
dissection developed clinical hypothyroidism in 72.1 % (n=31). Nineteen (82.6%) 
patients with bilateral neck dissection developed hypothyroidism. Performing a 
neck dissection was a predictive factor for the development of hypothyroidism 
(p<0.005).
Fourteen patients underwent (modified) radical neck dissection: 7 (50%) patients 
developed subclinical hypothyroidism and 2 (14.3%) patients developed clinical 
hypothyroidism. Twenty-two of 29 (75.9%) patients who underwent selective 
(levels I-III) neck dissection developed hypothyroidism.
Twenty-two patients underwent paratracheal lymph node dissection (five 
unilateral and seventeen patients bilateral paratracheal lymph node dissection): 
17 (77.2%) patients developed hypothyroidism. Paratracheal lymph node 
dissection was a predictive factor (p<0.017).
Intraoperative ligation of one of the thyroid arteries at the side of the preserved 
thyroid glandular tissue was scored in 40 patients treated with partial or total 
laryngectomy. In 15 of the 19 (78.9%) patients with ligation of one of these thyroid 
arteries, hypothyroidism was found. Ligation of the thyroid arteries was not a 
predictive factor for hypothyroidism.
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Radiotherapy

All but 5 patients were treated with radiotherapy. Ninety-eight patients 
were treated with radiotherapy only. Twenty-one patients were treated with 
surgery because of recurrence after radiotherapy. Thirteen patients received 
radiotherapy postoperatively. Radiotherapy was a predictive factor for the 
development of hypothyroidism (p<0.001) in univariate analysis.
Hundred-and-twenty-three patients (93%) received radiotherapy dose of 60 
Gy or higher. Twenty patients received 60 Gy and nine patients received a 
radiotherapy dose between 40 and 55 Gy. Radiotherapy dose was in multivariate 
analysis not a predictive factor for the development of hypothyroidism (p=0.636). 
The incidence of hypothyroidism after various treatment modalities is shown in 
Table III.

Chemotherapy

Nineteen patients received combination treatment of radiotherapy and 
chemotherapy. Chemotherapy was no predictive factor for development of 
hypothyroidism (p<0.624).

Anti-thyroid antibodies

Hundred-and twenty-four (90.5%) patients were tested on anti-thyroid 
antibodies pre-treatment: 114 (83.2%) patients were tested six months after 
treatment; 73 (49.7%) patients were tested 12 months after treatment; 45 (30.6%) 
patients 18 months after treatment and 29 (19.7%) were tested 24 months after 
treatment. Five patients developed positive anti-thyroid antibodies and clinical 
hypothyroidism (three patients within six months; one patient between 6 
and 12 months and one patient developed positive anti-thyroid antibodies 
within six months but developed hypothyroidism six months later (within one 
year)). Anti-thyroid antibodies were not a predictive factor for development of 
hypothyroidism.

Parathyroid function

Ten patients (7.3%) were found with hypoparathyroidism. Hypoparathyroidism 
appeared to have no association with the development of hypothyroidism 
(p<0.635).
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Deceased patients

Twenty-six patients died during follow-up. Two patients developed clinical 
hypothyroidism and one patient developed subclinical hypothyroidism. In the 
remaining 23 patients it could not be ruled out that these patients would develop 
hypothyroidism between time of death and 24 months after treatment.
Multivariate analysis showed hemithyroidectomy (p=0.000), laryngectomy 
(p=0.000), neck dissection (irrespective of type and sides) (p=0.003) and 
increasing age (p=0.031) to be significantly associated with an increased risk of 
development hypothyroidism.

Table I. Patient, tumor and treatment characteristics and their correlation with hypothyroidism 
(univariate analysis)

Variable HT total subclinical HT clinical HT euthyroid p-value

TSH>4.5 FT4>11 pmol/L FT4<11 pmol/L TSH<4.5

Sex 0.487

male (n=116) 53 (45.6%) 32 (27.6%) 21 (18.0%) 63 (54.3%)

female (n=21) 12 (57.2%) 6 (28.6) 6 (28.6%) 9 (42.8%)

Site 0.240

supraglottis (n=42) 20 (47.6%) 14 (33.3%) 6 (14.3%) 22 (52.4%)

glottis (n=72) 34 (47.2%) 19 (26.4%) 15 (20.8%) 38 (57.8%)

subglottis (n=2) 2 (100%) 0 2 (100%) 0

piriform sinus (n=14) 6 (42.9%) 4 (28.6%) 2 (14.3%) 8 (57.1%)

hypopharynx (n=7) 3 (42.9%) 1 (14.3%) 2 (28.6%) 4 (57.1%)

Side 0.966

left (n=52) 24 (46.2%) 15 (28.8%) 9(17.4%) 28 (53.8%)

right (n=60) 30 (50.0%) 17 (28.3%) 13 (21.7%) 30 (50.0%)

median (n=25) 11 (44.0%) 6 (24.0%) 5 (20.0%) 14 (56.0%)

T stage 0.125

T1 (n=31) 8 (25.8%) 6 (19.5%) 2 (6.3%) 23 (74.2%)

T2 (n=43) 24 (55.8%) 12 (27.9%) 12 (27.9%) 19 (44.2%)

T3 (n=36) 17 (47.2%) 10 (27.8%) 7 (19.4%) 19 (52.8%)

T4 (n=27) 16 (59.3%) 10 (37.0%) 6 (22.3%) 11 (40.7%)

N stage 0.523

N0 (n=101) 48 (47.5%) 25 (24.8%) 23 (22.7%) 53 (52.5%)

N1 (n=15) 9 (60.0%) 7 (46.7%) 2 (13.3%) 6 (40.0%)

N2 (n=18) 7 (38.9%) 5 (27.7%) 2 (11.2%) 11 (61.1%)

N3 (n=3) 1 (33.3%) 1 (33.3%) 0 2 (66.7%)

N4 (n=0) 0 0 0 0
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Variable HT total subclinical HT clinical HT euthyroid p-value

TSH>4.5 FT4>11 pmol/L FT4<11 pmol/L TSH<4.5

Laryngectomy 0.000

no laryngectomy (n=97) 35 (36.1%) 23 (23.7%) 12 (13.0%) 62 (63.9%)

partial laryngectomy 
(n=3)

1 (33.3%) 0 1 (33.3%) 2 (66.7%)

total laryngectomy 
(n=37)

29 (78.4%) 15 (40.5%) 14 (37.9%) 8 (21.6%)

Hemithyroidectomy 0.000

no (n=99) 35 (35.4%) 23 (23.2%) 12 (12.2%) 64 (64.6%)

yes (n=38) 30 (79.0%) 15 (39.5%) 15 (39.5%) 8 (21.0%)

Neck dissection 0.000

Number of sides

no (n=94) 34 (36.1%) 22 (23.4%) 12 (12.7%) 60 (63.9%)

unilateral (n=43) 31 (72.1%) 16 (37.2%) 15 (34.9%) 12 (27.9%)

bilateral (n=23) 19 (82.6%) 11 (47.8%) 8 (34.8%) 4 (17.4%) 0.001*

Type     0.000

no (n=94) 34 (36.1%) 22 (23.4%) 12 (12.7%) 60 (63.9%)

selective (n=29) 22 (75.9%) 9 (31.0%) 13 (44.9%) 7 (24.1%)

modified radical (n=10) 7 (70.0%) 6 (60.0%) 1 (10.0%) 3 (30.0%)

radical (n=4) 2 (50.0%) 1 (25.0%) 1 (25.0%) 2 (50.0%)

Paratracheal lymph 
node dissection

0.017

no (n=115) 48 (41.7%) 30 (26.1%) 18 (15.6%) 67 (58.3%)

unilateral (n=5) 3 (60.0%) 1 (20.0%) 2 (40.0%) 2 (40.0%)

bilateral (n=17) 14 (82.4%) 7 (41.2%) 7 (41.2%) 3 (17.5%)

Thyroid artery ligation    0.126

yes (n=19) 15 (78.9%) 10 (52.6%) 5 (26.3%) 4 (21.1%)

no (21) 15 (71.4%) 5 (23.8%) 10 (47.6%) 6 (28.6%)

Radiotherapy 0.001**

no (n=5) 2 (40%) 0 2 (40.0%) 3 (60.0%)

primary (n=98) 37 (37.8%) 24 (24.5%) 13 (13.3%) 61 (62.2%)

preoperative (n=21) 16 (76.2%) 6 (28.6%) 10 (47.6%) 5 (23.8%)

postoperative (n=13) 10 (76.9%) 8 (61.5%) 2 (15.4%) 3 (23.1%)

 0.000***

primary (n=98) 37 (37.8%) 24 (24.5%) 13 (13.3%) 61 (62.2%)

preoperative or 
postoperative (n=34)

26 (76.5%) 14 (41.2%) 12 (35.2%) 8 (23.5%)

Table I. continued
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Variable HT total subclinical HT clinical HT euthyroid p-value

TSH>4.5 FT4>11 pmol/L FT4<11 pmol/L TSH<4.5

Radiation dose

40-55 Gy (n=9) 2 (22.2%) 0 2 (22.2%) 7 (77.8%) 0.636

60-70 Gy (n=123) 61 (49.6%) 38 (30.9%) 23 (18.7%) 62 (50.4%)

Chemotherapy 0.624

yes (n=19) 10 (52.6%) 7 (36.8%) 3 (15.8%) 9 (47.4%)

no (n=118) 55 (46.6%) 31 (26.3%) 24 (20.3%) 63 (53.4%)

Hypoparathyroidism 0.635

yes (n=10) 6 (60.0%) 4 (40.0%) 2 (20.0%) 4 (40.0%)

no (n=127) 59 (46.5%) 34 (26.8%) 25 (19.7%) 68 (53.5%)

HT=hypothyroidism; ND=neck dissection; RT=radiotherapy
* compared to no ND
** compared to no RT, primary RT, preoperative RT and postoperative RT
*** compared to primary RT and preoperative RT or postoperative RT

Table II. Correlation of histopathological findings in removed thyroid gland tissue and development of 
hypothyroidism

euthyroid TSH<4.5 hypothyroid TSH>4.5 p-value

TGI + 0 4 (100%) 0.238

TGI - 8 (24.2%) 25 (75.8%)

TCI + 4 (15.4%) 22 (84.6%) 0.323

TCI - 4 (36.4%) 7 (63.6%)

atrophy + 2 (10%) 18 (90%) 0.109

atrophy - 6 (35.3%) 11 (64.7%)

fibrosis + 2 (40%) 3 (60%) 0.499

fibrosis - 6 (18.8%) 26 (81.2%)

thyroiditis + 1 (20%) 4 (80%) 0.993

thyroiditis - 7 (21.9%) 25 (78.1%)

goiter + 1 (16.7%) 5 (83.3%) 0.797

goiter - 7 (22.6%) 24 (77.4%)

TGI=tumor invasion thyroid gland
TCI=tumor invasion thyroid cartilage

Table I. continued
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Table III. The incidence of hypothyroidism after radiotherapy and/or laryngectomy

treatment n normal HT subcl HT clin HT

RT 97 62 (63.9%) 35 (36.1%) 23 (23.7%) 12 (12.4%)

LT 5 3 (60.0%) 2 (40.0%) 0 2 (40.0%)

RT+LT 35 7 (20.0%) 28 (80.0%) 15 (42.6%) 13 (37.4%)

RT=radiotherapy; LT=laryngectomy; RT+LT=radiotherapy and laryngectomy
HT=hypothyroidism; subcl HT=subclinical hypothyroidism; clin HT=clinical hypothyroidism

Discussion

The incidence of hypothyroidism after treatment of laryngeal or hypopharyngeal 
carcinoma in this largest prospective series is 47.4% which is comparable with 
other reported series (10-78%) [2, 3, 10, 24-26, 32]. In most studies the incidence of 
subclinical hypothyroidism is higher than the incidence of clinical hypothyroidism 
as was found in this study (27.7% subclinical hypothyroidism and 19.7% clinical 
hypothyroidism). It is believed that subclinical hypothyroidism in the long term 
can evolve into clinical hypothyroidism if not treated [1, 14] and that a persisting 
high serum level of TSH is a risk for inducing thyroid carcinoma [1, 18].
Radiotherapy interferes with the vascular supply of the gland and can cause 
hypothyroidism. Volume of irradiated thyroid was found to be associated with 
hypothyroidism development after intensity-modulated radiotherapy of locally 
advanced head and neck cancer [24]. Although Cetinayak et al. [20] and Norris 
et al. [21] suggest a threshold dose of > 50 Gy in developing hypothyroidism. This 
study did not find radiation dose to be a statistical significant predictive factor 
for development of hypothyroidism, maybe because all but five patients received 
radiotherapy. Boomsma et al. [22] and Vogelius et al. [23] state that although 
the results in their review article suggest a radiation dose-response, it was not 
possible to define a clear threshold radiation dose for the thyroid gland.
Combined treatment using surgery and radiotherapy of laryngeal or 
hypopharyngeal carcinomas is known to increase the incidence of 
hypothyroidism. In our series performing a total laryngectomy increased the 
incidence from 36.1% to 78.4%, a hemithyroidectomy from 35.4% to 79.0%, a 
neck dissection from 36.1% to 72.1-82.6% and a bilateral paratracheal lymph 
node dissection from 41.7% to 82.4%. Weissler et al. [25] reported an increased 
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incidence for laryngectomy from 28% to 92% and for neck dissection from 28% 
to 59% if combined with radiotherapy. In the study of Gracia-Serra et al. [2] the 
incidence after radiotherapy was 40% whereas this was 77% after radiotherapy 
and laryngectomy.
Leon et al. [24] reported that the rate of thyroid dysfunction was 74% for patients 
treated with radiotherapy, laryngectomy and hemithyroidectomy. In the present 
study this incidence was 81.8% in patients following this combination treatment.
In our study and in others studies the addition of chemotherapy to radiotherapy 
did not increase the incidence of hypothyroidism [26, 27].
All patients treated with total laryngectomy in our center underwent 
hemithyroidectomy. The incidence of thyroid gland invasion in this series 
was only in 10.8% of the patients undergoing hemithyroidectomy and in 
concordance with other studies reporting an incidence of 1-12% [4, 8, 9, 13, 19, 
22, 26-29]. Traditionally hemithyroidectomy is done when a total laryngectomy 
is performed. However, several studies state that thyroid gland resection should 
not be routinely performed due to the rare frequency of glandular infiltration 
[8, 28] and suggest only to perform hemithyroidectomy in advanced cancer with 
true vocal cord fixation, transglottic or subglottic extension [4-6].
As found in several others studies neck dissection appeared to be an important 
risk factor for the development of hypothyroidism [25]. In advanced laryngeal 
or hypopharyngeal carcinoma, paratracheal lymph node (PTLN) dissection 
is frequently performed. The reported incidence of PTLN metastases varies 
between 9% and 36% depending on the site and stage of the primary tumor [30]. 
The vascular supply of the (remaining part of the) thyroid gland may be damaged 
during PTLN dissection, which may contribute to the development of hypo(para)
thyroidism. Although we could not find an additional risk of contralateral PTLN 
dissection for the development of hypothyroidism in our previous study [31], 
we did find a statistical significant correlation between PTLN dissection and 
hypothyroidism (P<0.017) in this study. The prospective study of Turgut et al. [3] 
is the only one to report PTLN dissection as a risk factor in the development of 
hypothyroidism. Leon et al. [24] described in patients with advanced laryngeal 
cancer, PTLN dissection to be a risk factor as well. Unfortunately they did not 
describe PTLN dissection as an independent variable from hemithyroidectomy.
The addition of radiation either preoperative or postoperative is associated with 
a higher incidence of hypoparathyroidism because of end vessel fibrosis [32]. 
Geminiani et al. [33] report hypoparathyroidism between 12% and 31% in patients 
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treated with laryngectomy and hemithyroidectomy. We found an incidence of 7.3% 
in the whole patient group. Despite the common etiological factors, no association 
between development of hypoparathyroidism and hypothyroidism was found.
In our previous study the prevalence of circulating anti-thyroid antibodies was 
10.5% [10] and a relation between hypothyroidism and circulating anti-thyroid 
antibodies was found. In the present study we hoped to clarify if radiation 
induces development of these antibodies or patients with circulating antithyroid 
antibodies predispose for the development of hypothyroidism after radiotherapy. 
Unfortunately no association was found between the development of antithyroid 
antibodies and hypothyroidism. Although Turgut et al. [3] and Nishyama et al. [34] 
found no anti-thyroid antibodies in their study, it is known from the Chernobyl 
nuclear accident that radiation exposure is associated with an increased incidence 
of circulating anti-thyroid antibodies and can cause hypothyroidism [17].
Pathological changes, other than tumor invasion, in the surgical specimen 
after hemithyroidectomy, is not routinely investigated by pathologists. Alkan 
et al. [12] found in laryngeal cancer patients thyroiditis to be a risk factor for 
hypothyroidism. Gal et al. [13] described that 19% of thyroid glands examined 
exhibited pathologic changes other than tumor involvement (radiation changes, 
fibrosis, inflammation, goiter or colloid cyst). In the present series of patients 
the incidence of pathological changes in thyroid gland was 54.1%. Although the 
incidence of hypothyroidism in patients with pathological changes was 60-
90%, no significant association was found between pathological changes and 
development of hypothyroidism.
Although patients are seen at a regular follow-up visit, there is no consensus about 
regular biochemical testing of patients treated for laryngeal or hypopharyngeal 
cancer. Studies suggest that regular examination of thyroid function is a reliable 
predictor for hypothyroidism symptoms in the future and that hypothyroidism 
often remains undetected postoperatively [5]. Lo Galbo et al. [10] found in a 
retrospective study undetected hypothyroidism in 28% of the patients. Tell et 
al. [1] and Ho et al. [11] suggest lifelong monitoring of thyroid function. Several 
studies advise to test patients [2, 26] on a regular basis following radiotherapy 
annual or even every 6 months for the first 5 years and yearly thereafter and even 
once every 3-6 months after combination therapy [20]. Alkan et al. [12] reported 
an average time to detection of hypothyroidism of 6.08±5.4 months (range 4-24) 
after completion of therapy. Eighty-three percent of the hypothyroidism cases 
was detected within 9 months [12]. In our study 77% of hypothyroidism was 
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detected within 6-12 months after treatment with a median time of 10 months. 
These findings are comparable with those of Tell et al. [1] and Ho et al. [11]. 
Therefore we suggest screening every 3 months in the first year after treatment, 
every 6 months in the second year and annually thereafter. Because of the 
high incidence of hypothyroidism after (previous) treatment of laryngeal or 
hypopharyngeal carcinoma, we suggest to screen all patients before any further 
treatment in the head and neck area, particularly before salvage treatment 
because of recurrence after radiotherapy.
It is clear that in a patient group with such a high incidence of hypothyroidism, 
clinicians must anticipate on symptoms which can be caused by hypothyroidism 
during each regular visit. To detect hypothyroidism early specific questionnaires 
may be helpful and biochemical tests are easily performed [10]. Once clinical 
hypothyroidism is diagnosed substitution therapy with levothyroxine is 
effective, safe and well-tolerated. It is believed that subclinical hypothyroidism 
in the long term can easily change to clinical hypothyroidism if not treated [1, 
14]. Thyroid hormone substitution therapy for subclinical hypothyroidism 
does not result in significant improvement in symptoms, improved survival or 
improved cardiovascular morbidity as was found in the recent Cochrane review 
[35]. However, because of the low burden of substitution therapy, screening for 
hypothyroidism and subsequent substitution therapy seems justified.

Conclusion 

This large prospective study showed a high incidence of hypothyroidism after 
treatment of laryngeal or hypopharyngeal carcinoma. Because the vast majority of 
hypothyroidism was found within 6-12 months, we recommend thyroid function 
testing before treatment, every 3 months within the first year, every 6 months 
the second year and annually thereafter, especially if the patient has risk factors. 
Univariate analysis showed laryngectomy, hemithyroidectomy, neck dissection 
and paratracheal lymph node dissection to be a risk factor. Multivariate analysis 
showed laryngectomy, hemithyroidectomy, neck dissection and age variables 
significantly associated with an increased risk of hypothyroidism.
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General discussion

Several retrospective studies and a few prospective studies have been published 
about hypothyroidism after treatment of laryngeal or hypopharyngeal 
carcinoma. Incidences vary between 10% and 78% (Table 1 in Introduction). 
Due to different inclusion criteria, management and duration of follow-up, 
comparison is difficult.
The incidence of hypothyroidism in patients treated for laryngeal or 
hypopharyngeal carcinoma is high, especially after combination treatment of 
surgery and radiotherapy. We found undiagnosed hypothyroidism in 28.2% 
of the patients treated for laryngeal or hypopharyngeal carcinoma visiting 
the outpatient clinic. This indicates that improved awareness and frequent 
diagnostic testing are needed. Therefore a screening protocol, that is a little more 
intensive than the latest Dutch Head and Neck Society (NWHHT) guidelines 
[1], has been suggested. Early detection of hypothyroidism enables earlier 
improvement of quality of life. To detect hypothyroidism early, besides thyroid 
testing, questionnaires may be helpful. We sent out a questionnaire regarding 
psychological and physical symptoms associated with hypothyroidism. Since 
only weight gain and cold intolerance were associated with the presence of 
hypothyroidism, a more specific questionnaire has to be developed for patients 
treated for laryngeal or hypopharyngeal carcinoma.
Knowledge about risk factors for the development of hypothyroidism may be 
helpful for the early identification of patients at risk. Risk factors identified 
in these studies were combined treatment with surgery and radiotherapy, 
hemithyroidectomy, neck dissection, paratracheal lymph node dissection and 
age. Paratracheal lymph node (PTLN) dissection showed to be a risk factor in 
the development of hypothyroidism as compared to no PTLN dissection. Our 
previous retrospective study, in which all patients underwent PTLN dissection, 
showed no additional risk of a contralateral PTLN dissection. After finding a 
relation between circulating anti-thyroid antibodies and hypothyroidism in our 
cross-sectional study, we wanted to investigate whether radiation induces the 
development of anti-thyroid antibodies and whether circulating anti-thyroid 
antibodies predispose for development of hypothyroidism in a prospective study. 
Unfortunately, we had substantial loss to follow-up and no clear association 
could be found. Further prospective investigation to clarify this possibility needs 
to be made.
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Surgery and radiotherapy may induce thyroid vascular damage inducing thyroid 
dysfunction. Although we could not find ligation of the thyroid arteries to be a 
risk factor it makes sense to be cautious with contralateral vascularisation when 
performing ipsilateral hemithyroidectomy.
Identification of thyroid-related and treatment-related risk factors is important. 
We found age to be a risk factor as was found by Tomoda et al. [2] and Kumar 
et al. [3]. Other risk factors such as positive anti-thyroid peroxidase (anti-TPO) 
status [4, 5] and thyroiditis on postoperative histopathological examination after 
hemithyroidectomy [6-8] could not be confirmed. We did not found a threshold 
dose for radiation-induced hypothyroidism as found by other studies including 
a meta-analysis [9-12]. Since primary treatment of laryngeal or hypopharyngeal 
carcinoma usually consists in radiotherapy, techniques to reduce dose and 
volume of radiation to thyroid tissue seem important.
The development of subclinical hypothyroidism into clinical hypothyroidism 
was not investigated but could give a better insight when to start substitution 
therapy in subclinical hypothyroidism. Knowledge of this progression may be 
helpful to treat these patients timely before complaints start.

Future perspectives

If risk factors are known, an effort can be made to reduce these risk factors. 
Unneccesary treatments with an increased risk of hypothyroidism should be 
avoided and improved surgical and radiation techniques sparing the thyroid 
gland should be developed. Besides the development of glandular tissue 
sparing techniques, a personalised patient-risk-scoring system (using pre- and 
posttreatment risk factors) and thyroid-screening scheme has to be developed.  In 
cancer surgery often adjacent structures need to be sacrificed because of tumor 
involvement or to obtain adequate surgical margins. In our prospective study 
we found that only in 10.8% of the patients who underwent laryngectomy with 
hemithyroidectomy, the thyroid gland was invaded. Thus only a tiny fraction 
of patients who undergo total laryngectomy have thyroid cartilage invasion, 
requiring margins extending into the thyroid gland. It can be anticipated that a 
substantial number of patients undergo unnecessary hemithyroidectomy. This 
number can be reduced if invasion of thyroid cartilage and thyroid gland can be 
diagnosed reliable preoperatively. However, conventional Magnetic Resonance 
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Imaging (MRI) over-predicts thyroid cartilage and thyroid gland invasion in 
patients undergoing total laryngectomy [13-15]. The sensitivity and specificity 
of magnetic resonance imaging (MRI) and Computed Tomography (CT) for the 
prediction of cartilage invasion are limited [13-15]. Improved imaging techniques 
are needed to avoid unnecessary hemithyroidectomies. Modern MRI techniques, 
e.g. diffusion weighted MRI, may be helpful in differentiation between tumor 
and reactive changes, potentially improving specificity [16].
It is obvious that the neck should be treated if lymph node metastases are 
present. The management of the clinically negative (N0) neck of a T1-2 tumor 
is often a matter of debate. A review [17] and a recent retrospective analysis [18] 
suggest that neck dissection is not superior to radiotherapy or a ‘wait-and-see’ 
policy for a T2 supraglottic laryngeal carcinoma. Elective treatment of the neck is 
indicated when there is a certain likelihood of occult lymph node metastases or 
when the patient will be unavailable for regular follow-up [19-24]. The rationale 
for elective treatment is based on the following premises. First, occult metastases 
will inevitably develop into clinically manifest disease. Secondly, despite regular 
follow-up some patients will develop extensive or even inoperable disease in the 
neck with a wait-and-see or wait-and-scan policy. Finally, untreated lymph node 
metastasis in the neck (until growing to a clinically detectable size), may give 
rise to distant metastases. The arguments against elective treatment of the neck 
are as follows. Firstly, a large proportion of patients are subjected to treatment 
that they do not require. Secondly, such treatment may remove or destroy a 
barrier to cancer spread in case of local recurrence or second primary tumor. 
Finally, elective treatment of the neck is associated with morbidity, i.e. shoulder 
morbidity and hypothyroidism.
Elective selective neck dissection seems appropriate in patients with a clinically 
negative neck before initial treatment and eventual salvage surgery because 
of the higher rate of occult metastases [25]. However recent studies do not 
recommend routine elective neck dissection during salvage total laryngectomy 
after failure of chemoradiation [26, 27].
If occult metastases can be detected reliably unnecessary elective treatment of 
the cervical and paratracheal lymph nodes can be avoided. Modern imaging 
techniques, like MRI, CT, Positron Emission Tomography (PET) and Ultrasound 
(US), are more reliable than palpation. The capability of all of these techniques 
to detect small tumor deposits (micrometastases) is limited. US-guided Fine 
Needle Aspiration Cytology (USgFNAC) proved to be superior to the other current 
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imaging techniques [28]. In the clinical negative neck FDG-PET is not superior 
to conventional imaging techniques [29]. In an attempt to select the lymph 
nodes potentially containing metastases more reliably the Sentinel lymph Node 
(SN) concept was introduced. The concept of sentinel lymph node surgery is to 
extirpate the sentinel lymph node, the very first draining lymph node (called the 
“sentinel lymph node”), after having injected the node with radioactive colloid 
and blue dye. Thereafter the sentinel lymph node will be precisely examined 
histopathologically. If the sentinel lymph node does not contain cancer, the 
likelihood that the cancer has not spread to higher echelon nodes is high.
A meta-analysis revealed a sensitivity of 95% for the detection of occult lymph 
node metastases in early oral cancer [30]. To confirm these findings large multi-
center studies are ongoing. A recent study showed that sentinel lymph node 
procedure followed by elective neck dissection or watchful waiting was the 
most effective and most cost effective strategy in early stage oral cancer [31]. 
The sentinel node concept appears to be feasible in laryngeal or hypopharyngeal 
cancer as well [32, 33]. The sentinel node procedure has also been used 
during endoscopic treatment of laryngeal or hypopharyngeal cancer [34, 35]. 
Larger studies are needed to investigate if sentinel node procedure can avoid 
unnecessarily neck dissections safely in laryngeal or hypopharyngeal cancer as 
well. Moreover, if performed during open laryngectomy, a technique to examine 
reliable the sentinel nodes(s) intraoperatively is needed, but not yet avalaible for 
routine clinical application.
The limitation of imaging techniques to detect small metastatic deposits has 
led to a search for additional characteristics or biomarkers assessable on the 
primary tumor to predict the presence of nodal disease. Combining current 
clinical assessment with gene expression profiling seems promising for the 
future to develop new clinical decision models. A gene expression signature 
for distinguishing metastasizing from N0 oral and oropharyngeal cancer was 
developed and re-evaluated [36, 37]. Such a signature may be helpful in the 
development of strategies to avoid unnecessary treatments of lymph nodes in 
the neck in laryngeal or hypopharyngeal cancer patients.
The reported incidence of paratracheal lymph node metastases of laryngeal or 
hypopharyngeal carcinoma is up to 20% [38]. Subglottic extension of laryngeal 
or hypopharyngeal carcinoma was identified as a risk factor for paratracheal 
lymph node metastases in other studies, as was maximal axial diameter of  
≥5 mm of paratracheal lymph nodes and clinical positive neck status. When 
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at least one of these risk factors was present, a high sensitivity (90-100%) but 
low specificity (19-32%) was found [39]. Improvement of the specificity in the 
detection of paratracheal lymph node metastases may be helpful to avoid 
unnecessary paratracheal lymph node dissections, resulting in a lower incidence 
of hypothyroidism.
Over the past two decades the widespread use of minimal invasive transoral 
laser microsurgery for small to midsize laryngeal or hypopharyngeal cancers 
resulted in a declining use of open surgery. The goal of this technique is to avoid 
radiotherapy. In this way damage to the thyroid gland may be avoided. However, 
there are no studies available comparing the incidence of hypothyroidism 
between those treatments. In head and neck cancer transoral robotic surgery 
(TORS) has increased in popularity. Initial outcomes for TORS laryngectomy for 
selected laryngeal or hypopharyngeal carcinomas are encouraging, but larger 
studies have to be awaited [40].
The main objective of modern radiotherapy is to optimize radiation dose delivery 
in such a way that the tumor is sterilized while sparing non-target normal tissues 
as much as possible. In particular, in head and neck cancer this general objective 
cannot be easily achieved in the majority of patients because target volumes are 
generally large and complex and surrounded by many organs at risk. Hence, the 
incidences of severe and late radiation-induced side effects are relatively high. 
The thyroid gland is closely related to the larynx and hypopharynx, making the 
incidence of hypothyroidism after radiation of laryngeal or hypopharyngeal 
cancer high [41-47]. The introduction of advanced radiation techniques, such as 
three-dimensional Conformal Radiotherapy (3DCRT) and Intensity-Modulated 
Radiotherapy (IMRT) led to significant progress in sparing of normal tissues [48]. 
More recent techniques like Volumetric Modulated Arc Therapy (VMAT) are able 
to limit the dose to normal tissues even further without compromising the dose 
to the tumor [49, 50]. Future studies have to reveal if the extent of dose reduction 
to the thyroid gland can reduce the risk of development of hypothyroidism in 
laryngeal or hypopharyngeal carcinoma patients [51]. Intensity-modulated 
proton therapy probably offers a lower probability of radiation-induced side 
effects [52]. When this technique will become widely available thyroid gland 
sparing radiation should be investigated.
Although drugs are available to ameliorate the consequences of hypofunction of 
the thyroid gland, current management techniques do not address the source of 
the problem, i.e. lack of functional thyroid follicular colloid cells, resulting from 
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radiation-induced stem cell sterilization. In adult salivary gland stem cells it is 
known that post-radiotherapy stimulation of cell proliferation results in improved 
saliva secretion when part of the tissue has been spared or when the dose to the 
salivary gland remains below a certain level [53]. A recent publication provided 
evidence on the existence of thyroid stem cells and of thyroid progenitors [54]. 
Antonica et al. [55] even found that embryonic stem cells of the mouse could be 
induced to differentiate into thyroid follicular cells and to generate functional 
thyroid tissue in vitro and to promote subsequent symptomatic recovery in 
vivo in athyroid mice. Clearly more research needs to be done with stem cell 
replacement of patients with radiation-induced hypothyroidism.

Summary

The incidence of hypothyroidism is high in patients treated for laryngeal or 
hypopharyngeal carcinoma and varies in different studies depending on site, 
stage, treatment and time after treatment.
Hypothyroidism can cause a variety of symptoms affecting quality of life 
negatively. Physical and physiological problems due to hypothyroidism can be 
wrongly attributed to the oncological treatment. Subclinical hypothyroidism 
has not only been shown to predispose to clinical hypothyroidism but can cause 
wound healing problems and atherosclerotic disease as well.
Although hypothyroidism is a well-known complication following treatment of 
laryngeal or hypopharyngeal carcinoma the condition is often misdiagnosed 
and no detailed consensus regarding thyroid testing is available.
In this thesis we describe the incidence of hypothyroidism in patients treated for 
laryngeal or hypopharyngeal carcinoma in a cross-sectional and a prospective 
study. We investigated risk factors in the development of hypothyroidism and 
the effect of substitution therapy in patients with (sub)clinical hypothyroidism. 
Furthermore we performed a survey among head and neck physicians in The 
Netherlands, treating laryngeal or hypopharyngeal carcinoma patients, to 
evaluate the current management in thyroid function testing.
In Chapter 2 the results of a cross-sectional study are presented. We found in 
28.2% patients treated for laryngeal or hypopharyngeal cancer undiagnosed 
(18.6% subclinical and 9.6% clinical) hypothyroidism and 11.3% of these patients 
were already known with hypothyroidism (overall hypothyroidism 39.5%).
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Furthermore we found that patients treated with laryngectomy, hemithyroid-
ectomy and radiotherapy were more at risk to develop hypothyroidism (63.6%) as 
compared to patients treated with laryngectomy without hemithyroidectomy and 
radiotherapy (33.3%) and radiotherapy only (15.7%). Although univariate analysis 
showed that laryngectomy, hemithyroidectomy, ipsilateral neck dissection and 
autoantibodies were associated with hypothyroidism, in multivariate analysis 
only hemithyroidectomy remained a prognostic factor.
Patients filled out a questionnaire regarding symptoms associated with 
hypothyroidism: only weight gain and cold intolerance were associated with 
(subclinical) hypothyroidism.
We found in 10.5% of patients circulating anti-thyroid antibodies. Fifty percent 
of the patients with circulating anti-thyroid antibodies had hypothyroidism.
The results of the study indicate that thyroid function should be tested; especially 
after combination treatment of surgery and radiotherapy. It was concluded that 
the role of anti-thyroid antibodies in the development of hypothyroidism should 
be further investigated.
Based on these initial results we started a new prospective study as described in 
Chapter 6.
In Chapter 3 we evaluated the management of thyroid function testing in the 
major institutions treating head and neck cancer in The Netherlands (nineteen 
hospitals including all eight head and neck centers of the Dutch Head and Neck 
Society (Nederlandse Werkgroep Hoofd-Halstumoren; NWHHT)). Eighty-four 
percent of questionnaires were returned. Seventy-five percent of the physicians 
tested only thyroid function when symptoms were mentioned. Most physicians 
who screen on thyroid function, test annually (32%) or every six months (24%).
Although, at the time of the survey in 2007, 75% of physicians were aware of 
the guidelines of the NWHHT, 65% would appreciate more clear and detailed 
guidelines.
In Chapter 4 we evaluated the effect of substitution therapy in patients with (sub)
clinical hypothyroidism on various psychological and physical effects. Ninety-
four percent of the patients returned a study specific questionnaire. Moodiness, 
emotional and physical problems were most often reported. Substitution 
therapy only resulted in an improvement of energy, sense of general interest 
and enjoyment and a reduction of a puffy face. With this knowledge of this 
health related questionnaire a better understanding of patients’ symptoms with 
hypothyroidism is possible.
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In Chapter 5 we describe a retrospective study in which we selected patients with 
laryngeal or hypopharyngeal carcinoma who underwent paratracheal lymph 
node (PTLN) dissection in combination with a laryngectomy, hemithyroidectomy 
and radiotherapy. Seventy percent of the tested patients had hypothyroidism 
(34% subclinical hypothyroidism; 36% clinical hypothyroidism) and 33% had 
hypoparathyroidism. We found no additional risk of a contralateral PTLN 
dissection for the development of hypo(para)thyroidism.
In Chapter 6 we present our prospective study with a follow-up time of two years. 
We tested thyroid function, parathyroid function and anti-thyroperoxidase 
antibodies (before treatment) of a laryngeal or hypopharyngeal carcinoma (was 
started) and every six months thereafter. Several patient, tumor and treatment 
characteristics were analyzed. We found an incidence of hypothyroidism of 
47.4% (27.7% subclinical hypothyroidism; 19.7% clinical hypothyroidism) and 
7.3% for hypoparathyroidism. Only 5 patients developed positive anti-thyroid 
antibody, therefore no association between hypothyroidism and circulating 
antibodies could be found. We found a higher incidence of hypothyroidism 
(81.8%) in patients treated with combination treatment of surgery and 
radiotherapy. Because all our patients with total laryngectomy underwent 
hemithyroidectomy as well, and hemithyroidectomy is the most important risk 
factor in the development of hypothyroidism, we examined the removed thyroid 
tissue. The incidence of thyroid gland invasion was only 10.8% and the incidence 
of pathological changes other than tumor involvement (radiation changes, 
fibrosis, inflammation, goiter or colloid cyst) was 54.1%. Although the incidence 
of hypothyroidism in patients with pathological changes in the thyroid was 60-
90%, no significant association was found between pathological changes and the 
development of hypothyroidism. We did not find radiation dose or the addition 
of chemotherapy to radiotherapy to increase the incidence of hypothyroidism. As 
found in other studies, neck dissection appeared to be an important risk factor. 
We did find paratracheal lymph node (PTLN) dissection to be a risk factor in the 
development of hypothyroidism as well although our previous study (Chapter 5) 
showed no additional risk of a contralateral PTLN dissection.
In this study we detected 80% of hypothyroidism within 6-12 months after 
treatment with a median time of 10 months. Based on the time interval between 
detection of hypothyroidism and oncological treatment the following screening 
protocol was advocated: every 3 months in the first year after treatment, 
every 6 months in the second year and annually thereafter. From this study it 
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was concluded that the incidence of hypothyroidism is high after treatment 
especially after combination treatment of surgery and radiotherapy. Besides 
the combination of laryngectomy and hemithyroidectomy, neck dissection, 
PTLN dissection and increasing age are associated with an increased risk of 
hypothyroidism. No relation between hypothyroidism and circulating anti-
thyroid antibodies or hypothyroidism and hypoparathyroidism was found.

Conclusions

Based on the research described in this thesis we conclude the following:

1. The incidence of hypothyroidism is high, especially after combination 
treatment.

2. Laryngectomy, hemithyroidectomy, neck dissection and paratracheal 
lymph node dissection are the most important risk factors.

3. Psychological and physical symptoms attributed to oncological treatment 
may be due to hypothyroidism as well. Results of questionnaires may 
point to hypothyroidism and may indicate testing of thyroid function.

4. No uniformity in the management of thyroid testing after treatment of 
laryngeal or hypopharyngeal carcinoma was found in The Netherlands.

5. Thyroid screening pre-treatment, every 3 months the first year, every 6 
months the second year and annually thereafter in patients treated for 
laryngeal or hypopharyngeal carcinoma is recommended.
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Discussie

Verschillende retrospectieve studies en slechts enkele prospectieve studies 
zijn verschenen over hypothyreoïdie na de behandeling van een larynx- of 
hypofarynxcarcinoom. De incidentie varieert tussen de 10% en de 78% (Table 1 
in Introduction). Ten gevolge van verschillende inclusie criteria, verschillende 
soorten behandelingen en een verschillende follow-up-duur, is een vergelijking 
moeilijk te maken.
De incidentie van hypothyreoïdie bij patiënten die behandeld zijn voor een 
larynx- of hypofarynxcarcinoom is hoog, vooral na een combinatiebehandeling 
van chirurgie en radiotherapie. Op onze polikliniek bleek 28.2% van de patiënten, 
die behandeld waren voor een larynx- of hypofarynxcarcinoom, een onbekende 
hypothyreoïdie te hebben. Dit laat zien dat bewustwording en frequente 
diagnostische testen nodig zijn.
Wij stellen een screenings-protocol voor dat iets intensiever is dan de recente 
richtlijn van de Nederlandse Werkgroep Hoofd Hals Tumoren (NWHHT) [1]. 
Vroegtijdige detectie maakt een vroegtijdige verbetering van de kwaliteit van 
leven mogelijk. Om in een vroeg stadium hypothyreoïdie te ontdekken, kunnen 
behalve screening van de schildklierfunctie, vragenlijsten nuttig zijn. Wij hebben 
een vragenlijst gestuurd aan patiënten omtrent psychische en lichamelijke 
symptomen, welke geassocieerd zijn met hypothyreoïdie. Aangezien alleen de 
vragen met betrekking tot gewichtstoename en kouwelijkheid een associatie 
hadden met de aanwezigheid van hypothyreoïdie, zal een meer specifieke 
vragenlijst ontwikkeld moeten worden.
Kennis over de risicofactoren voor de ontwikkeling van hypothyreoïdie 
kan nuttig zijn om patiënten die risico lopen te herkennen. Deze patiënten 
zouden dan intensief vervolgd kunnen worden zodat een vroegtijdige 
opsporing mogelijk is. In deze studies vonden wij als risicofactor: een 
combinatiebehandeling van chirurgie en radiotherapie, hemithyroidectomie, 
halsklierdissectie, paratracheale lymfeklierdissectie en leeftijd. Paratracheale 
lymfeklierdissectie bleek een risicofactor te zijn voor het ontwikkelen van 
hypothyreoïdie vergeleken met wanneer geen paratracheale lymfeklierdissectie 
verricht werd. Onze eerdere retrospectieve studie, waarbij alle patiënten een 
paratracheale lymfeklierdissectie ondergingen, liet geen additioneel risico zien 
voor een contralaterale paratracheale lymfeklierdissectie.
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Nadat in onze cross-sectionele studie een relatie gevonden werd tussen 
circulerende schildklierantistoffen en hypothyreoïdie, wilden wij in onze 
prospectieve studie onderzoeken of radiotherapie leidt tot de ontwikkeling van 
antistoffen of dat de aanwezigheid van deze antistoffen de schildklier gevoeliger 
maken voor de ontwikkeling van hypothyreoïdie door bestraling. Helaas was er 
een grote loss-to-follow-up van patiënten en kon er geen duidelijke associatie 
worden gevonden. Verder prospectief onderzoek om deze mogelijkheid te 
verduidelijken is nodig.
Chirurgie en radiotherapie kunnen vaatschade aan de schildklier geven welke 
dysfunctie van de schildklier kan veroorzaken. Hoewel het ligeren van de 
slagaders van de schildklier geen risicofactor bleek te zijn, lijkt het verstandig 
om voorzichtig om te gaan met de contralaterale vascularisatie bij het verrichten 
van een ipsilaterale hemithyroidectomie.
Identificatie van schildkliergerelateerde- en behandelingsgerelateerde 
risicofactoren is belangrijk. Wij vonden dat oudere leeftijd een risicofactor 
was, net zoals Tomoda et al. [2] en Kumar et al. [3]. Andere risicofactoren zoals 
positieve anti-thyroid peroxidase (anti-TPO) status [4, 5] en thyroiditis bij 
postoperatief histopathologisch onderzoek van de verwijderde schildklierhelft 
[6-8] konden niet worden bevestigd.
Wij vonden geen drempel voor de radiotherapie-dosis bij bestralingsgeïnduceerde 
hypothyreoïdie zoals gevonden in andere studies inclusief een meta-analyse [9-
12]. Aangezien de primaire behandeling voor een larynx- of hypofarynxcarcinoom 
meestal bestaat uit radiotherapie, lijken technieken om de dosis en het volume 
van de bestraling op het schildklierweefsel te verminderen, van belang.
De ontwikkeling van subklinische hypothyreoïdie naar klinische hypothryeoïdie 
werd niet onderzocht maar zou een vollediger inzicht kunnen verschaffen op 
welk tijdstip te starten met suppletietherapie bij subklinische hypothyreoïdie.

Toekomstperspectieven

Als de risicofactoren bekend zijn, kan er een poging worden gedaan om deze 
risicofactoren te reduceren. Nodeloze behandelingen die een verhoogde kans 
op hypothyreoïdie geven, zouden moeten worden vermeden en behandelingen 
die de schildklier sparen, zouden moeten worden ontwikkeld. Behalve de 
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ontwikkeling van weefselsparende technieken, zou een individueel patiënten-
scoringssysteem (gebaseerd op preoperatieve- en postoperatieve risicofactoren), 
en een persoonlijk schema voor het testen van hypothyreoïdie ontwikkeld 
moeten worden.
Bij oncologische ingrepen worden naburige structuren opgeofferd in verband 
met tumor-doorgroei of om ruime chirurgische marges te verkrijgen. In 
onze prospectieve studie vonden wij bij slechts 10.8% van de patiënten die 
een laryngectomie met een hemithyroidectomie ondergingen, invasie van 
de schildklier. De minderheid van alle patiënten die totale laryngectomie 
ondergaan heeft invasie van het schildkraakbeen die uitbreiding van 
marges in de schildklier vereisen. De verwachting is dat een wezenlijk aantal 
patiënten onnodig een hemithyroidectomie ondergaan. Dit aantal kan worden 
gereduceerd als invasie in het schildkraakbeen en in de schildklier betrouwbaar 
kan worden gediagnosticeerd. Conventionele Magnetic Resonance Imaging 
(MRI) voorspelt te vaak foutief schildkraakbeeninvasie en schildklierinvasie bij 
patiënten die een totale laryngectomie ondergaan [13-15]. De sensitiviteit en de 
specificiteit van MRI en Computed Tomography (CT) voor het voorspellen van 
kraakbeeninvasie zijn beperkt [13-15]. Verbeterde beeldvormende technieken 
zijn nodig om onnodige hemithyroidectomieën te voorkomen. Moderne MRI 
technieken, zoals bijvoorbeeld diffusie gewogen MRI, kunnen nuttig zijn bij 
de differentiatie tussen tumor en reactieve veranderingen en de specificiteit 
mogelijk vergroten [16].
Vanzelfsprekend zal de hals behandeld moeten worden als lymfekliermetastasen 
aanwezig zijn. De behandeling van een klinisch negatieve hals (N0) bij een T1-2 
tumor is vaak onderwerp van discussie. Een review [17] en een retrospectieve 
analyse [18] suggereren dat bij een T2 supraglottisch larynxcarcinoom, 
halsklierdissectie niet superieur is aan of radiotherapie of een “wait-and-see” 
beleid.
Er bestaat een algemene overeenstemming dat electieve behandeling van de hals 
geïndiceerd is als er een grote waarschijnlijkheid is op occulte, klinisch niet te 
detecteren lymfekliermetastasen of als de patiënt niet beschikbaar is voor reguliere 
follow-up [19-24]. De motivatie voor electieve behandeling is gebaseerd op de 
volgende gedachten. Ten eerste zullen occulte metastasen zich onvermijdelijk 
ontwikkelen tot klinisch manifeste metastasen. Ten tweede zullen sommige 
patiënten, ondanks regelmatige follow-up, uitgebreide of zelfs inoperabele 
halskliermetastasen ontwikkelen bij een wait-and-see beleid. Tenslotte, kunnen 
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onbehandelde halskliermetastasen (tot zij klinisch gedetecteerd worden) de 
oorzaak zijn voor de ontwikkeling van afstandsmetastasen.
Argumenten tegen electieve behandeling van de hals zijn de volgende. Ten 
eerste zal een groot gedeelte van de patiënten worden behandeld terwijl dat 
niet noodzakelijk is. Ten tweede, kan bij een electieve behandeling de barrière 
om kanker te verspreiden, bij een lokaal recidief of tweede primaire tumor, 
aangetast worden. Tenslotte is electieve behandeling van de hals geassocieerd 
met morbiditeit zoals bewegingsbeperking van de schouder en hypothyreoïdie.
Een electieve selectieve halsklierdissectie kan nuttig zijn bij patiënten met een 
klinische negatieve hals vóór initiële behandeling en bij salvage chirurgie vanwege 
de verhoogde kans op occulte metastasen [25]. Desalniettemin adviseren recente 
studies geen routine electieve halsklierdissectie tijdens salvage chirurgie na het 
falen van chemoradiatie [26, 27].
Als occulte metastasen betrouwbaar kunnen worden gedetecteerd, kan een 
onnodige electieve behandeling van de cervicale klieren en paratracheale 
lymfeklieren worden voorkomen. Moderne beeldvormende technieken zoals 
MRI, CT, Positron Emission Tomography (PET) en echografie (Ultrasound; 
US), zijn betrouwbaarder dan palpatie. De geschiktheid van al deze technieken 
om kleine tumor-afzettingen (micrometastasen) te detecteren, is beperkt. 
Echografisch geleide cytologische aspiratie-punctie (US-guided fine needle 
aspiration cytology; USgFNAC) is superieur ten opzichte van andere huidige 
beeldvormende technieken [28]. Bij de klinisch negatieve hals is FDG-PET niet 
superieur ten opzichte van conventionele beeldvormende technieken [29]. 
In een poging om betrouwbaarder lymfeklieren te selecteren die mogelijk 
micrometastasen bevatten, werd het schildwachtklier-concept geïntroduceerd. 
Bij de schildwachtklierprocedure wordt de schildwachtklier (sentinel node), de 
eerst-drainerende lymfeklier die in verbinding staat met de tumor, chirurgisch 
verwijderd, nadat deze met behulp van radioactief eiwit en blauwe kleurstof 
geïdentificeerd is. Vervolgens wordt deze schildwachtklier histopathologisch 
minutieus onderzocht. Als deze schildwachtklier geen metastasen bevat, dan is 
er een uiterst grote kans dat de tumor zich ook niet verspreid heeft naar naburige 
plaatselijke lymfeklierstations.
Een meta-analyse onthulde een sensitiviteit van 95% voor de detectie van occulte 
lymfekliermetastasen bij patiënten met een klein mondholtecarcinoom [30]. 
Om deze bevinding te bevestigen lopen er momenteel omvangrijke multicenter 
studies. Een recente studie toonde dat de schildwachtklierprocedure, gevolgd 

28192 Lo Galbo.indd   125 14-07-14   17:48



Chapter 8

126

door electieve halsklierdissectie of wait-and-see beleid, het meest effectief was 
en het meeste kosten-effectief was bij een klein mondholtecarcinoom [31].
Het concept van een schildwachtklier lijkt ook uitvoerbaar bij het larynx- of 
hypofarynxcarcinoom [32, 33]. De schildwachtklier-procedure is ook al gebruikt 
wanneer een larynx- of hypofarynxcarcinoom endoscopisch behandeld 
wordt [34, 35]. Grotere studies zijn noodzakelijk om te onderzoeken of de 
schildwachtklier-procedure ook bij het larynx- of hypofarynxcarcinoom op een 
veilige wijze onnodige halsklierdissecties kan voorkomen. Ook is bij een open 
laryngectomie een techniek om betrouwbaar de schildwachtklier intra-operatief 
te onderzoeken noodzakelijk, maar nog niet beschikbaar voor routine klinisch 
gebruik.
De beperking van beeldvormende technieken om kleine metastasen te 
detecteren, heeft geleid tot onderzoek naar aanvullende karakteristieken en 
biomarkers van de primaire tumor, om de aanwezigheid van pathologische 
lymfeklieren te voorspellen. Het combineren van de huidige klinische detectie 
samen met “genexpressie-profilering”, lijkt veelbelovend voor de toekomst om 
een nieuw klinisch beslismodel te ontwikkelen. Een genexpressie signatuur, 
om de aanwezigheid van lymfekliermetastasen van een mondholte- of 
orofarynxcarcinomen te voorspellen, werd ontwikkeld en geëvalueerd [36, 37]. 
Een dergelijke signatuur kan behulpzaam zijn bij de ontwikkeling van een 
strategie om onnodige behandelingen van de halsklieren bij patiënten met 
larynx- of hypofarynxcarcinoom, te voorkomen.
De gerapporteerde incidentie van paratracheale lymfekliermetastasen bij 
een larynx- of hypofarynxcarcinoom loopt op tot 20% [38]. Risicofactoren 
voor paratracheale lymfekliermetastasen zijn subglottische uitbreiding van 
een larynx- of hypofarynxcarcinoom, een maximale axiale diameter van ≥5 
mm van paratracheale lymfeklieren en een klinische positieve hals status. 
Als in ieder geval één van deze risicofactoren aanwezig was, was er sprake 
van een hoge sensitiviteit (90-100%) maar ook van een lage specificiteit (19-
32%) [39]. Verbetering van de specificiteit bij de detectie van paratracheale 
lymfekliermetastasen, kan nuttig zijn om onnodige paratracheale dissectie te 
voorkomen, resulterend in een lagere incidentie van hypothyreoïdie.
De laatste twee decennia resulteerde het gebruik van minimaal invasieve 
transorale laser microchirurgie voor kleine tot middelgrote tumoren, in een 
daling van open chirurgie. Het doel van deze techniek is om radiotherapie en 
open chirurgie te vermijden. Op deze manier kan ook schade aan de schildklier 
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worden voorkomen. Er zijn echter geen studies beschikbaar die de verschillen 
in incidentie van hypothyreoïdie tussen beide behandelingen beschrijven. 
Transorale robotchirurgie (Transoral Robotic Surgery; TORS) wordt in 
toenemende mate toegepast bij hoofd-halskanker. Recente resultaten van TORS 
laryngectomieën lijken bemoedigend, hoewel grotere studies zullen moeten 
worden afgewacht [40].
Het belangrijkste doel van moderne radiotherapie is om de afgifte van de 
bestralingsdosis zodanig te optimaliseren dat de tumor bestraald wordt, terwijl 
het normale weefsel zoveel mogelijk gespaard wordt. Bij hoofd-halskanker in 
het bijzonder kan dit algemene doel bij de meeste patiënten niet gemakkelijk 
bewerkstelligd worden, omdat het doelgebied in het algemeen groot en complex 
is, en omgeven wordt door vele voor bestraling-gevoelige weefsels. Daarom zijn 
de incidenties van ernstige bijwerkingen en van late bestralingsgeïnduceerde 
bijwerkingen relatief hoog. De schildklier ligt vlakbij de larynx en hypofarynx 
waardoor de incidentie van hypothyreoïdie na bestraling van een larynx- 
of hypofarynxcarcinoom hoog is [41-47]. De introductie van geavanceerde 
bestralingstechnieken, zoals three-dimensional Conformal Radiotherapy 
(3DCRT) en Intensity-modulated Radiotherapy (IMRT), heeft geleid tot een 
significante vooruitgang in het sparen van gezond weefsel [48]. Meer recente 
technieken zoals Volumetric Modulated Arc Therapy (VMAT), zijn in staat om 
de dosis op gezond weefsel te beperken zonder afbreuk te doen aan de dosis 
op de tumor [49, 50]. Toekomstige studies zullen moeten tonen of de mate van 
dosisreductie op de schildklier het risico op het ontwikkelen van hypothyreoïdie 
kan reduceren bij patiënten met een larynx- of hypofarynxcarcinoom [51]. 
Intensity-modulated Proton Therapy biedt waarschijnlijk een kleinere kans op 
bestraling-geïnduceerde bijwerkingen [52]. Of met deze techniek de schildklier 
gespaard kan worden, moet nog onderzocht worden.
Hoewel medicatie voorhanden is, om de conseqenties van hypofunctie van de 
schildklier te verbeteren, pakt de huidige substitutiebehandeling niet de bron 
van de oorzaak aan, te weten een gebrek aan functionele folliculaire colloid 
cellen van de schildklier ten gevolge van bestralingsgeïnduceerde schade aan 
stamcellen. Bij volwassen speekselklierstamcellen is bekend dat stimulatie van 
celproliferatie, na radiotherapie, resulteert in verbeterde speekselsecretie als 
een deel van het weefsel gespaard werd of als de dosis op de speekselklier onder 
een bepaalde hoeveelheid bleef [53]. Een recente publicatie verschaft bewijs over 
het bestaan van stamcellen en voorlopercellen van de schildklier [54]. Antonica 
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et al. [55] vond zelfs dat embryonale stamcellen van de muis bewerkt konden 
worden om te kunnen differentieren naar folliculaire cellen van de schildklier, 
in vitro te genereren naar functioneel schildklierweefsel, en vervolgens in vivo, 
bij athyroide muizen, symptomatisch herstel konden bevorderen [55]. Het is 
duidelijk dat meer onderzoek zal moeten worden verricht voor een toekomstige, 
op maat gemaakte behandeling met stamcelvervanging bij patiënten met 
bestralingsgeïnduceerde hypothyreoïdie.

Samenvatting

De incidentie van hypothyreoïdie is hoog bij patiënten die behandeld zijn voor 
een larynx- of hypofarynxcarcinoom en varieert in diverse studies afhankelijk 
van de lokalisatie van de tumor, het stadium van de tumor, het type behandeling 
en de follow-up-duur na behandeling. Hypothyreoïdie kan verschillende 
klachten veroorzaken welke de kwaliteit van leven negatief kunnen beïnvloeden. 
Lichamelijke en psychische problemen ten gevolge van hypothyreoïdie kunnen 
ten onrechte geweten worden aan de oncologische behandeling. Subklinische 
hypothyreoïdie kan niet alleen leiden tot klinische hypothyreoïdie maar kan ook 
voor wondgenezingsstoornissen en atherosclerotische aandoeningen zorgen.
Hoewel hypothyreoïdie een bekende complicatie is na de behandeling 
van een larynx- of hypofarynxcarcinoom, wordt hypothyreoïdie vaak niet 
gediagnosticeerd en ontbreekt er een gedetailleerde consensus ten aanzien van 
screening van de schildklierfuncties.
In dit proefschrift wordt beschreven, in een cross-sectionele studie en in 
een prospectieve studie, de incidentie van hypothyreoïdie bij patiënten die 
behandeld werden voor een larynx- of hypofarynxcarcinoom. De risicofactoren 
voor de ontwikkeling van hypothyreoïdie en het effect van substitutietherapie 
bij patiënten met (sub)klinische hypothyreoïdie werden onderzocht en een 
vragenlijst werd gestuurd naar medisch specialisten in Nederland, die patiënten 
met een larynx- of hypofarynxcarcinoom behandelen, om de huidige screenings-
status van de schildklierfuncties te evalueren.
In Hoofdstuk 2 (Chapter 2) worden de resultaten van de cross-sectionele studie 
gepresenteerd. Bij 28.2% van de patiënten die behandeld werden voor een larynx- 
of hypofarynxcarcinoom werd een onbekende hypothyreoïdie (9.6% klinische en 
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18.6% subklinische hypothyreoïdie) gevonden en was 11.3% van de patiënten al 
bekend met een hypothyreoïdie (in totaal 39.5% hypothyreoïdie).
Patiënten die behandeld waren met een laryngectomie, hemithyroidectomie en 
radiotherapie, hadden een hoger risico op het ontwikkelen van hypothyreoïdie 
(63.6%) vergeleken met patiënten behandeld met een laryngectomie en 
radiotherapie zonder hemithyroidectomie (33.3%) of alleen radiotherapie (15.7%). 
Hoewel univariate analyse een positieve associatie toonde met een laryngectomie, 
hemithyroidectomie, ipsilaterale halsklierdissectie en schildklierantistoffen 
op het ontwikkelen van hypothyreoïdie, bleef bij multivariate analyse alleen 
hemithyroidectomie over als een significante voorspellende factor.
Aan patiënten, die behandeld werden voor een larynx- of hypofarynxcarcinoom, 
werd gevraagd een vragenlijst in te vullen over klachten die geassocieerd zijn 
met hypothyreoïdie. Alleen gewichtstoename en kouwelijkheid toonden een 
associatie met (sub)klinische hypothyreoïdie.
Bij 10.5% van de patiënten vonden wij verhoogde schildklierantistoffen. Vijftig 
procent van de patiënten met verhoogde schildklierantistoffen had eveneens 
hypothyreoïdie.
De resultaten van de studie toonden dat de schildklierfuncties getest moeten 
worden; zeker na een combinatie behandeling van chirurgie en radiotherapie. 
We concludeerden dat de rol van antistoffen tegen schildklierweefsel nader 
onderzocht zou moeten worden.
Gebaseerd op deze eerste resultaten startten wij een prospectieve studie welke 
beschreven werd in Hoofdstuk 6 (Chapter 6).
In Hoofdstuk 3 (Chapter 3) maakten wij een inventarisatie van het beleid 
ten aanzien van het screenen van de schildklierfuncties van medisch 
specialisten in de ziekenhuizen in Nederland die patiënten voor een larynx- 
of hypofarynxcarcinoom behandelen (19 ziekenhuizen, inclusief alle 8 hoofd 
hals-centra van de Nederlandse Werkgroep Hoofd-Halstumoren; NWHHT). 
Wij ontvingen 84% van de vragenlijsten retour. Vijf-en-zeventig procent van de 
medisch specialisten testten de schildklierfuncties alleen wanneer er al klachten 
bestonden. De meeste medisch specialisten screenden jaarlijks (32%) of elke zes 
maanden (24%).
Hoewel 75% van de medisch specialisten bekend waren met de richtlijnen van 
de NWHHT (ten tijde van de studie Landelijke Richtlijn Larynxcarcinoom en 
Hypofarynxcarcinoom 2007), gaf 65% behoefte te hebben aan duidelijkere en 
meer gedetailleerde richtlijnen.
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In Hoofdstuk 4 (Chapter 4) evalueerden wij door middel van een vragenlijst, het 
effect van substitutiebehandeling op verschillende lichamelijke en psychische 
klachten bij patiënten met (sub)klinische hypothyreoïdie. Vier-en-negentig 
procent van de patiënten stuurden de vragenlijst terug. Een gefrustreerd 
gevoel en emotionele en lichamelijk problemen werden het meest beschreven. 
Substitutiebehandeling gaf alleen verbetering op de klachten van energieverlies, 
verminderde interesse/plezier en een dik gelaat. Met de kennis van deze 
vragenlijst kunnen klachten passend bij hypothyreoïdie beter beoordeeld 
worden.
In Hoofdstuk 5 (Chapter 5) beschreven wij een retrospectieve studie waarbij 
patiënten geselecteerd werden met een larynx- of hypofarynxcarcinoom die 
behandeld waren met een paratracheale lymfeklierdissectie in combinatie met 
een laryngectomie, hemithyroidectomie en radiotherapie. Zeventig procent van 
de patiënten had hypothyreoïdie (36% klinische hypothyreoïdie; 34% subklinische 
hypothyreoïdie) en 33% hypoparathyreoïdie. Een contralaterale paratracheale 
lymfeklierdissectie bleek uit dit onderzoek geen risicofactor te zijn voor het 
ontwikkelen van hypo(para)thyreoïdie.
In Hoofdstuk 6 (Chapter 6) presenteerden wij onze prospectieve studie 
met een follow-up van twee jaar. Wij testten de schildklierfunctie, de 
bijschildklierfunctie en anti-thyroperoxidase vóór behandeling van een 
larynx- of hypofarynxcarcinoom en elke zes maanden erna. Analyse volgde van 
verschillende patiënten-, tumor- en behandelingskenmerken. Wij vonden een 
incidentie van 47.4% hypothyreoïdie (27.7% subklinische hypothyreoïdie; 19.7% 
klinische hypothyreoïdie) en van 7.3% hypoparathyreoïdie. Slechts vijf patiënten 
bleken verhoogde schildklierantistoffen te hebben; een associatie tussen 
hypothyreoïdie en verhoogde schildklierantistoffen kon derhalve niet gevonden 
worden. Patiënten behandeld met een combinatiebehandeling van chirurgie en 
radiotherapie hadden een hogere incidentie van hypothyreoïdie (81.8%). Al onze 
patiënten met een laryngectomie ondergingen ook een hemithyroidectomie. 
Aangezien hemithyroidectomie de belangrijkste risicofactor is voor het 
ontwikkelen van hypothyreoïdie, werd het verwijderde schildklierweefsel 
onderzocht. De incidentie van schildklierinvasie was slechts 10.8% en de 
incidentie van pathologische afwijkingen in het verwijderde schildklierweefsel, 
anders dan tumor-ingroei (bestralingseffecten, fibrose, inflammatie, nodus of 
colloïd cyste) was 54.1%. Hoewel de incidentie van hypothyreoïdie 60-90% was 
bij de patiënten die pathologische afwijkingen hadden in de schildklier, werd er 
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geen significantie gevonden tussen het hebben van pathologische afwijkingen 
in de schildklier en het voorkomen van hypothyreoïdie.  Radiotherapie-
dosis en de toevoeging van chemotherapie gaf geen verhoogd risico op het 
voorkomen van hypothyreoïdie. Halsklierdissectie bleek een belangrijke 
risicofactor te zijn, zoals al bekend uit andere studies. Wij vonden dat een 
paratracheale lymfeklierdissectie een risicofactor was voor het ontwikkelen 
van hypothyreoïdie, hoewel ons eerdere onderzoek (Chapter 5) dit voor een 
contralaterale paratracheale dissectie niet kon aantonen.
In deze studie werd 80% van de hypothyreoïdie gevonden binnen 6-12 maanden 
na de start van de behandeling met een gemiddelde tijd van 10 maanden. Op basis 
van het tijdsinterval van het ontdekken van hypothyreoïdie en de oncologische 
behandeling wordt het volgende screenings-protocol geadviseerd: het eerste 
jaar na de behandeling elke 3 maanden, het tweede jaar elke zes maanden en 
erna jaarlijks. In deze studie vonden wij dat de incidentie van hypothyreoïdie 
na behandeling van een larynx- of hypofarynxcarcinoom hoog is, vooral na 
een combinatie behandeling van chirurgie en radiotherapie. Behalve een 
laryngectomie en hemithyroidectomie, geven halsklierdissectie, paratracheale 
lymfeklierdissectie en leeftijd ook een verhoogd risico op hypothyreoïdie. 
Er werd geen relatie gevonden tussen hypothyreoïdie en circulerende 
schildklierantistoffen.
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Conclusie

Gebaseerd op het onderzoek beschreven in dit proefschrift concluderen wij het 
volgende:

1. De incidentie van hypothyreoïdie is hoog, met name bij een 
combinatiebehandeling.

2. Laryngectomie, hemithyroidectomie, halsklierdissectie en paratracheale 
lymfeklierdissectie zijn de belangrijke risicofactoren.

3. Psychische en lichamelijke symptomen toegeschreven aan de oncologische 
behandeling kunnen ook ten gevolge van hypothyreoïdie zijn. 
Vragenlijsten kunnen een aanwijzing verschaffen voor hypothyreoïdie en 
een indicatie geven voor het bepalen van de schildklierfuncties.

4. In Nederland werd geen uniform beleid gevonden voor het testen 
van de schildklierfuncties na behandeling voor een larynx- of 
hypofarynxcarcinoom.

5. Screening van de schildklierfuncties wordt aanbevolen vóór de 
behandeling, elke 3 maanden in het eerste jaar,elke 6 maanden in het 
tweede jaar en jaarlijks erna bij patiënten behandeld voor een larynx- of 
hypofarynxcarcinoom.
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