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1. Summaries

1.1 German abstract

Hintergrund

Mit einer alters-standardisierten Inzidenzrate von 6.6 pro 100000 Personen pro Jahr gehort
Schilddrisenkrebs zu den seltenen Krebserkrankungen. Schilddriisenkrebs weist im Grolteil
der Falle eine gute Prognose auf. Dennoch berichten Schilddrisenkrebspatienten von
Einschrankungen in der Lebensqualitat. Hypoparathyreoidismus ist eine der haufigsten
Komplikationen einer operativen Therapie von Schilddrisenkrebs. Hypoparathyreoidismus
wird durch Hypokalzamie und niedriges Parathormon definiert. Die Pravalenz liegt bei 5.3 - 40
pro 100000 Personen in verschiedenen Landern. Auch Patienten mit Hypoparathyreoidismus
berichten Einschrankungen in der Lebensqualitdt im Vergleich zu gematchten
Kontrollindividuen oder Normpopulationen. Deshalb stellt sich die Frage, ob die
Einschrankungen in der Lebensqualitat von Schilddriisenkrebspatienten auch zum Teil durch
die Einschrankungen von Hypoparathyreoidismus erklarbar sind. Dies fuhrt zu folgenden

Forschungsfragen:

1. Welche Auswirkungen hat ein chronischer Hypoparathyreoidismus auf die Lebensqualitat

von Schilddriisenkrebspatienten?

2. Verstarken sich die Lebensqualitatseinschrankungen von Schilddrisenkrebs und

Hypoparathyreoidismus gegenseitig?
Methoden

Drei Studien werden heranzogen um die Forschungsfrage zu beantworten. In Studie 1 wurden
75 Schilddrisenkrebspatienten (mindestens 1 Jahr noch operativer Behandlung)
eingeschlossen. 36 Patienten gaben an, dass sie seit ihrer operativen
Schilddrisenkrebsbehandlung Kalzium- und/oder Vitamin D Praparate einnehmen. 89
Schilddrisenkrebspatienten, von denen zusatzlich 17 eine Diagnose eines
Hypoparathyreoidismus hatten, bildeten die Stichprobe in Studie 2. Fir Studie 3 wurden 264
Patienten mit Hypoparathyreoidismus mittels einer Online-Umfrage befragt. Zur Messung der
Lebensqualitat benutzten alle drei Studien den Hauptfragenbogen der Lebensqualitatsgruppe
der European Organisation for Research and Treatment of Cancer (EORTC QLQ-C30). In
Studie 1 wurde zusatzlich noch der schilddrisenkrebsspezifische Fragebogen der
Lebensqualitatsgruppe der European Organisation for Research and Treatment of Cancer
(EORTC QLQ-THY34) verwendet, in Studie 2 wurden zusatzliche Symptome abgefragt und in
Studie 3 der Hypoparathyroid Patient Questionnaire (HPQ-28 verwendet).



Ergebnisse

In Studie 1 zeigte sich, dass die fortgeflihrte Einnahme von Kalzium- und/oder Vitamin D
Praparaten (im Vergleich zu keiner Einnahme) einen signifikanten Effekt auf die Odds, eine
schlechtere Lebensqualitédt in den Doméanen Rollenfunktion (OR 4.63; 95% KI [1.28—-19.77])
und emotionale Funktion (OR 3.87; 95% Kl [1.11-15.42]) als eine Normpopulation zu haben.
Studie 2 zeigte, dass Patienten mit Hypoparathyreoidismus (im Vergleich zu Patienten ohne
Hypoparathyreoidismus) niedrigere Chancen hatten, héhere Werte (bessere Lebensqualitat)
in den Domanen globaler Gesundheitsstatus (OR: 0.29; 95%KI [0.10;0.80]), physische
Funktion (OR: 0.22; 95%KI [0.08;0.58]), Rollenfunktion (OR: 0.27; 95%KI [0.10;0.75]),
emotionale Funktion (OR: 0.20; 95%KI [0.07;0.60]) und soziale Funktion (OR: 0.30; 95%KI
[0.10;0.87]) zu haben. In den Symptom-Skalen hatten die Patienten niedrigere Chancen flr
Mudigkeit (OR: 2.81; 95%KI [1.06;7.62], Schmerzen (OR: 4.47; 95%KI [1.62;12.67]), Atemnot
(OR: 3.16; 95%KI [1.05;9.83]) und Schlaflosigkeit (OR: 4.49; 95%KI [1.59;12.90]). In Studie 3
zeigte sich, dass Patienten mit Hypoparathyreoidismus, bei denen Schilddriisenkrebs die
Ursache fur den Hypoparathyreoidismus war, niedrigere Chancen hatten (im Vergleich zu
Patienten mit nicht-operativem Hypoparathyreoidismus), im Bereich physische Funktion (OR:

0.1; 95%KI [0;0.5]) Einschrankungen von klinischer Bedeutung zu berichten.
Diskussion

Die Studien haben gezeigt, dass Schilddrisenkrebspatienten mit postoperativem
permanenten Hypoparathyreoidismus eine schlechtere Lebensqualitat im Vergleich zu
Schilddrisenkrebspatienten ohne Hypoparathyreoidismus berichten. Mdogliche Grinde
kénnen die Symptombelastung durch den Hypoparathyreoidismus, der Mangel an
Parathormon oder die Komplikationen der langwierigen Hypoparathyreoidismusbehandlung

sein.

In Leitlinien wird das Thema Hypoparathyreoidismus und Lebensqualitat selten ausreichend
adressiert. Haufig wird nur ein Bezug zur Behandlung von Schilddriisenkrebs hergestellt. Auch
findet in der klinischen Praxis kaum eine systematische Erhebung von Lebensqualitatsdaten
bei Schilddrisenkrebspatienten statt. Elektronische patientenberichtete Endpunkte kénnten
hier Abhilfe schaffen. Weiterhin berichten Schilddrisenkrebspatienten (mit oder ohne
Hypoparathyreoidismus) von unerfiliten Bedarfen in den Bereichen psychologische

Unterstlitzung, Langezeitfolgen oder Selbsthilfe-Angebote.

1.2 English abstract
Background

Thyroid cancer is a rare cancer with an age-standardized incidence rate of 6.6 per 100000

individuals per year worldwide and generally has a good prognosis. Nevertheless, patients
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with thyroid cancer report impairments in quality of life throughout the entire disease journey.
One of the most prominent complications of surgical treatment for thyroid cancer is
hypoparathyroidism. Hypoparathyroidism is defined by hypocalcaemia with inappropriately
normal or low parathyroid hormone levels. The prevalence of hypoparathyroidism ranges
between 5.3 to 40.0 per 100000 individuals among different countries. Patients with
hypoparathyroidism report impairments in quality of life compared to matched controls and
norm-populations. Therefore, the question arises whether the impairments in thyroid cancer
patients’ quality of life might also be attributable to hypoparathyroidism, resulting in the

following research questions:
1. What is the impact of hypoparathyroidism on quality of life in thyroid cancer patients?

2. Do thyroid cancer and hypoparathyroidism compound each other, causing severe

impairments for the patients?
Methods

Three studies are used for answering the stated research questions. Study 1 included 75
thyroid cancer patients who were at least one year post surgery, with 36 (48%) still reporting
calcium and/or vitamin D intake. Study 2 consisted of 89 thyroid cancer patients with 17
reporting an additional diagnosis of hypoparathyroidism. Participants in study 3 were enrolled
via an online survey that included in 264 hypoparathyroidism patients of whom 100 had
surgical thyroid cancer treatment as the cause of their disease. Quality of life was assessed in
all three studies using the European Organisation for Research and Treatment of Cancer
quality of life group core questionnaire (EORTC QLQ-C30). Study 1 additionally used the
thyroid cancer module of the European Organisation for Research and Treatment of Cancer
quality of life group (EORTC QLQ-THY34), study 2 also used a hypoparathyroidism-specific
symptoms list, and study 3 used the Hypoparathyroid Patient Questionnaire (HPQ-28).

Results

In study 1, current calcium or vitamin D intake (vs. no intake) had a significant effect on the
odds of having a worse quality of life in role functioning (OR 4.63; 95% CI [1.28-19.77[) and
emotional functioning (OR 3.87; 95% CI [1.11-15.42]) compared with the general population
in role functioning (OR 4.63; 95% CI [1.28-19.77[) and emotional functioning (OR 3.87; 95%
Cl [1.11-15.42]). Study 2 indicated that patients in the hypoparathyroidism group had lower
odds of reporting higher scores (better quality of life) compared to patients without
hypoparathyroidism in global health (OR: 0.29; 95%CI [0.10;0.80]), physical functioning (OR:
0.22; 95%CI [0.08;0.58]), role functioning (OR: 0.27; 95%CI [0.10;0.75]); emotional functioning
(OR: 0.20; 95%CI [0.07;0.60]), and social functioning (OR: 0.30;95%CI [0.10;0.87]). For

symptom-scales, hypoparathyroid patients were more likely to have higher scores (more
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symptom-related problems) in fatigue (OR: 2.81; 95%CI [1.06;7.62], pain (OR: 4.47; 95%Cl
[1.62;12.67]; dyspnoea (OR: 3.16; 95%CI [1.05;9.83]), and insomnia (OR: 4.49; 95%ClI
[1.59;12.90]). Study 3 showed that compared to non-surgical hypoparathyroid patients,
hypoparathyroid patients with a history of thyroid cancer had lower odds of reporting clinically
relevant impairments in quality of life for physical functioning (OR: 0.1; 95%CI [0;0.5]), while
for all other scales no statistically significant associations were observed. The main predictor
for impairments of clinical importance in quality of life was symptom burden assessed by the

Hypoparathyroid Patient Questionnaire (HPQ-28).
Discussion

The studies show that patients with hypoparathyroidism as a surgical complication of thyroid
cancer treatment reported worse quality of life compared to thyroid cancer patients without
hypoparathyroidism. Potential reasons might be symptoms of hypocalcemia, parathormone

deficiency itself, or the complications of long-term hypoparathyroidism treatment.

In guidelines, quality of life in relation to hypoparathyroidism is seldom addressed extensively
and is mostly only related to the treatment of thyroid cancer. In clinical practice the assessment
of quality of life in thyroid cancer is rarely performed, but electronic patient-reported outcomes
might help to facilitate the implementation. Additionally, patients after thyroid cancer with and
without hypoparathyroidism report unmet needs in various domains (e.g., psychological

support, self-help).



2. Thyroid cancer

TC is a rare cancer with an age-standardized incidence rate of 6.6 per 100000 individuals per
year worldwide. There is a large variation between the sexes, with age-standardized rates of
10.1 per 100000 per year for females and 3.1 per 100000 per year for males (1). For Germany
the age-standardized incidence rates were 9.1 per 100000 inhabitants for females and 3.9 per
100000 in males in 2018. Numbers for 2022 are estimated to increase to 10.8 per 100 000
inhabitants in females and 4.5 per 100000 in males, making TC responsible for 1.8% and 0.7%
of newly diagnosed cancers in Germany among females and males respectively. (2). The five-
year prevalence in Germany is estimated to be 21100 cases among females and 8500 cases
among males (2). This results roughly in a female to male ratio of 3:1, which is consistent
across other countries and studies (3, 4). Compared to other cancers, TC often affects younger
people, with almost half of the patients being below 50 years of age (5). Within the last decades
the incidence of thyroid cancer has risen (6-9) but now seems to be stabilizing (10). There are
ongoing debates if this rise is due to over diagnosis with better diagnostics tools (11-16),
changes in risk factors (17), changes in classification or nomenclature (8, 18) , or if this rise

reflects a true increase (19).

Survival rates and recommended treatment vary across the different types of TC. There are

mainly three different types of TC.
a) Differentiated thyroid cancer (DTC)

DTC consists mostly of papillary thyroid cancer or follicular thyroid cancer and covers
approximately 85% of all TC diagnoses (20). With 20-year survival of approximately 95%, DTC
is considered to have a good prognosis (21, 22). The most common treatment(8, 18) is surgery
followed by radioiodine treatment (20). Within the last years, discussions regarding papillary
microcarcinomas have emerged. Papillary microcarcinomas are defined as papillary thyroid
carcinomas with <10mm diameter with most tumors remaining small and clinically insignificant
(23). Debates are focusing on whether treatment or active surveillance is the best option for
these patients (24-27).

b) Medullary thyroid cancer (MTC)

MTC is responsible for approximately 5-10% of all TC cases (28, 29). Its survival rates are
worse compared to DTC, with a 10-year survival of 75%-85% (30, 31). The main treatment for
MTC is surgery. In advanced disease, treatment with tyrosine kinase inhibitor might be
considered (32). In the 2022 WHO classification of thyroid tumors, a grading scheme for MTCs

has been introduced as a recommendation for clinical risk assessment (33).

c) Anaplastic thyroid cancer (ATC)



Anaplastic thyroid carcinoma is the rarest subtype of TC, comprising approximately 1-2% of all
TC cases (30, 34). ATC is an aggressive malignancy with high shares of lymph node
metastases (56%) or distant metastases (38%) (35), resulting in poor survival of often less

than six months (30).

As a result of the treatment or the disease itself, impairments in QoL frequently occur in TC
patients (36-38). Three different types of patient-reported outcomes (PROs) have been used

to measure QoL in TC patients:
a) Generic quality of life questionnaires/ PROs

Generic QoL questionnaires use broad and basic outcome dimensions which make the
applicable for a big variety of medical conditions (39). The most often used generic quality of
life questionnaire is the Medical Outcomes Survey 36-item short-form health survey (SF-36)
developed by Ware et al. (40) in 1992 and its accompanying short forms SF-12 (41), and SF-
8 (42). Other generic QoL tools are the health state descriptive system 15 (15D) (43) or the
Nottingham Health Profile (NHP) (44). The advantages of generic QoL measurements are that
they are applicable to all disease populations and healthy individuals they have been validated
for. Additionally, using generic tools enables researchers to compare QoL between different
diseases (45). Their biggest disadvantages are that they might miss disease-specific QoL

impairments or symptoms and that they have high floor and ceiling effects (46, 47).
b) Cancer-specific quality of life questionnaire/ PROs

Cancer-specific QoL questionnaires address domains of QoL that are relevant for cancer
patients. They address functional impairments and cover the most common symptoms of a
cancer diagnosis or treatment (e.g. fatigue, pain). These tools are able to measure cancer
patients’ QoL in a more specific way than generic QoL questionnaires, but they still might miss
symptoms or impairments in QoL related to a specific cancer type (45). The European
Organisation for Research and Treatment of Cancer (EORTC) Quality of Life Group core
questionnaire (QLQ-C30) (48) has been used in more than over 3000 studies worldwide and
is available and validated in over 120 languages. It covers five functioning domains (physical
functioning (PF), role functioning (RF), emotional functioning (EF), cognitive functioning (CF),
and social functioning (SF)), nine symptom domains (Fatigue (FA), nausea and vomiting (NV),
pain (PA), dyspnea (DY), insomnia (SL), appetite loss (AL), constipation (CO), diarrhea (Dl),
and financial difficulties (FI)) as well as one global quality of life scale (QL) (49). Another
cancer-specific questionnaire that is often used is the Functional Assessment of Cancer
Therapy - General (FACT-G). Using 27 questions it covers four domains (physical, social,

emotional, and functional) of cancer patients’ QoL and is available in 73 languages (50).

c¢) Thyroid cancer-specific quality of life questionnaire/ PROs



Since generic or cancer specific questionnaires do not cover all symptoms (e.g., problems
swallowing) and QoL impairments (e.g., disease-related worries) of TC patients and do not
include side effects specific to TC treatment (e.g., hypothyroidism, hypoparathyroidism), it is
important to consider using a thyroid cancer-specific QoL tool. Various thyroid cancer-specific
questionnaires exist (51-54) with the thyroid cancer-specific quality of life (THYCA-QoL)
questionnaire by Husson et al. (55) being the most often used to date. The THYCA-QoL scales
cover neuromuscular symptoms, voice, concentration, local symptomatic symptoms, throat
and mouth, psychological and sensory complaints, scar problems, feeling chilly, tingling
hands/feet, weight gain, headache, and reduced interest in sex (55). In 2023 Singer et al. (54)
published the thyroid cancer module of the EORTC Quality of Life Group (EORTC QLQ-
THY34). This questionnaire is used in addition to the EORTC QLQ-C30 in order to cover most
cancer and thyroid cancer-specific issues in TC patients. The questionnaire comprises 17
scales (exhaustion, voice problems, hair problems, swallowing, treatment- and disease related
worry, tingling or numbness, worry about important others, lacking social support, dry mouth,
altered temperature tolerance, body image, shoulder functioning, joint pain, cramps, and

impact on job or education) (54, 56, 57).

Roth et al. (568) conducted a systematic review in 2020 to investigate which PROs are used to
assess QoL in TC patients. They only included studies that used the tool in English, and studies
were excluded if they focused on only specific aspects of TC treatment or did not investigate
the full spectrum of QoL in TC patients. Of the 927 publications found, 23 studies using
validated QoL instruments were included in the systematic review. With the option of multiple
questionnaires being used in one study, 10 (44%) studies used the EORTC QLQ-C30, 8 (35%)
the SF-36, 5 (22%) the THYCA-QoL, 2 (9%) studies the City of Hope Thyroid Module (59), and
1 (4%) the University of Washington Quality of Life Questionnaire (60), the PROMIS-29 (61)
or the THYCAT (51) respectively. The EORTC QLQ-THY34 was only published recently and

was therefore not included in this systematic review.

Most of the studies evaluating QoL in TC patients used one of the described tools. The majority
of studies reported impairments in QoL in some or all of the QoL domains (36-38), while only

very few studies report QoL equivalent to a general population (62-64).

Impairments in QoL of TC patients can be found throughout the entire disease process; from
diagnosis to long-term survivorship. Hedman et al (65) reported in their study that 75% of study
participants had a fear of recurrence and 23% a negative view on life at diagnosis. These
patients reported a lower QoL in five out of eight SF-36 domains compared to patients without
fear of recurrence. After treatment for TC including surgery (66-68) or radioiodine treatment
(69, 70), impairments in QoL have been reported due to potential side effects of the respective

treatments. Studies have shown that patients after treatment receiving thyroid hormone
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replacement have worse QoL compared to healthy controls or the general population (71-74).
Patients in rehabilitation after TC report lower QoL compared to a general population after
adjustment for age and sex (75). Even in TC survivors, impairments in QoL persist and specific
symptoms (e.g. tingling, fear, exhaustion) remain (76-79), with a QoL equal or worse to the

QoL of cancers with a worse prognosis (80).

3. Hypoparathyroidism

Hypoparathyroidism (hypoPT) is a rare endocrine disorder defined by hypocalcaemia with
inappropriately normal or low parathyroid hormone levels (81-83). The main reason for hypoPT
is removal of or damage to the parathyroid glands during thyroid surgery (84, 85).
Approximately 75% of hypoPT cases are post-surgical (84). Risk factors for post-surgical
hypoPT (POSH) are described in Section 3. The remaining 25% are due to autoimmune
problems or to genetic origins, but the main cause of these non-surgical hypoPT (NS-hypoPT)
remains unclear and therefore idiopathic (86, 87). The prevalence of hypoPT lies between 5.3
—40.0 per 100 000 individuals in different countries (86, 88-93) with details presented in table
1. There are several reasons that may explain these huge variations. First, the number of
thyroidectomies performed may vary between the different countries and therefore affect the
number of POSH cases. In the future, a higher variation in these numbers might occur
depending on the preferred treatment of papillary microcarcinomas (surgery vs. active
surveillance) (24-27). Secondly, the year of diagnosis has a wide range, from 1981 in Israel
(94) to 2020 in South Korea (95) resulting in differences in the occurrence of risk factors or
changes in treatment. Thirdly, different data sources of varying quality and availability were
used. Lastly, the assessment and definition of hypoPT varied between the studies. Some
studies rely on ICD-codes written in discharge letters (93, 95) while other studies were able to
check individual patient data (86, 91, 92). Different definitions of hypoPT is not only a problem
related to studies evaluating the prevalence, but also for other endpoints, including studies on
quality of life. Two systematic reviews have investigated the different definitions of hypoPT
used in studies. In 2019, Harslof et al. (96) identified 89 studies that used 20 different
definitions of hypoPT. Of these 89 studies, 16 (18%) did not report how hypoPT was defined.
Mehanna et al. (97) performed a systematic literature review in 2009 to identify different
definitions of hypoPT and applied the different definitions to a patient sample of 202 patients
undergoing total or hemithyroidectomy. The ten different main definitions used in the studies
led to an incidence of post-surgical hypoPT ranging from 0 to 46%. Another aspect which
makes correct definitions of hypoPT difficult is the possibility that parathyroid glands may
regain their original functioning after more than a year. While most studies and guidelines use
a six-month timeframe to consider postsurgical hypoPT as permanent, Benmiloud et al. (98)
und Villaroya-Marquina et al. (99) have shown that few patients who were diagnosed with

permanent hypoPT after six months recovered from the disease one year after surgery. This
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variation in definitions and time frames might also influence the results for the incidence of

postsurgical hypoPT presented in Section 3.

Table 1 Details of studies measuring the prevalence of hypoPT

Country Authors Year Prevalence | Definition of | Data source
per 100 000 | hypoPT
Norway Astor et al. 2016 Total: 9.4 serum calcium | Electronic
POSH: 6.4 | below reference | hospital
NS: 3.0 range with | registry
simultaneously
low or
inappropriately
normal PTH
Israel Zlotgora & | 1981 NS: 7.0 NA NA
Cohen
Italy Cipriani et | 2017 Total: 5.3 Identification via | Registry  of
al. ICD codes or | the Italian
combinations of | health
ICD codes ministry
South Kim et al. 2020 NS: 1.1 ICD codes National
Korea Health
information
database
Japan Nakamura 2000 NS: 7.2 Registered as | Reports from
et al. hypoPT in | medical
hospital files departments
contacted via
mail survey
USA Clarke et al. | 2016 Total: 37.0 Diagnosis of | Longitudinal
hypoPT in | epidemiologic
medical records | study
Italy Cianferotti 2018 Total: 27.0 Hospital Electronic
et al. discharge codes | health
in combination | records

with
pharmaceutical

codes

database of

an Italian




region

(Tuscany)
Denmark Underbjerg | 2013/2015 | Total: 24.3 POSH was | National
et al. POSH: 22.0 | defined as | Hospital
NS: 2.3 hypocalcaemia | patient

(plasma calcium | registry
below the lowest
reference level)
with
inappropriately
low PTH levels
following  neck
surgery that
necessitated
treatment  with
calcium and/or
vitamin D analog
supplementation
for more than 6
months
Scotland Vadiveloo et | 2018 Total: 40.0 Patients had to | Population
al. POSH: 23.0 | fulfill 5 criteria | based

NS: 17.0 including  ICD | dataset in

codes, calcium | Tayside,

intake and | Scotland

laboratory

parameters

POSH: post-surgical hypoPT
NS: non-surgical hypoPT

When hypoPT is diagnosed, the standard treatment consists of calcium and/or vitamin D
supplementation, as hypoPT is the only endocrine disorder where the missing hormone cannot
be replaced (82). Within the last years, synthetic parathyroid hormones (rhPTH (1-84) and
rhPTH (1-34)) have shown promising results for the treatment of hypoPT (100-104). In 2017,
the EMA approved NATPAR for the treatment of patients whose hypoPT could not be
controlled by standard treatment. As of October 2024, Takeda, the producer of NATPAR, has
announced an end to production due to unresolved supply issues (105). TransCon PTH, which
has recently finished Phase 3 testing, is the only synthetic parathyroid hormone that has a

chance of being approved in the next years (106-109). Without approval, patients will have to
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continue the standard treatment which also comes with potential side effects und complications
such as nephrocalcinosis or cataracts (110, 111). Patients receiving standard treatment report
impairments in quality of life compared to matched controls or general populations. All five
studies included in our systematic review (112) used generic quality of life questionnaires and
therefore might suffer from the limitations resulting from these instruments (see Section 1). In
recent years, two disease-specific questionnaires have been developed and validated: The
Hypoparathyroid Patient Questionnaire (HPQ-28) (113) and the Hypoparathyroidism Patient
Experience Scale-Symptom (HPES-Symptom) (114, 115). The Hypoparathyroidism Patient
Experience Scale-Impact (HPES-Impact) (116) is not yet validated. The HPQ-28 was validated
in German hypoPT patients and contains eight scales (depression and anxiety, loss of vitality,
pain and cramps, neurovegetative symptoms, gastrointestinal symptoms, numbness or
tingling, memory problems, heart palpitations). General population data for the HPQ-28 is
currently being collected and analysed and will be available in the near future. The HPES-
Symptom was developed by a consultancy (The Brod Group) and a pharmaceutical company
(Ascendis Pharma) and was validated in hypoPT patients in the US. Seventeen items result in
two domains: physical (12 items) and cognitive (5 items). Both questionnaires contain items
(e.g. tingling or numbness, cramps) that are also found in thyroid cancer-specific
questionnaires such as the EORTC QLQ-THY34 (54) and the ThyCaQOL (55). Studies
investigating the quality of life of hypoPT patients show that impairments compared to matched
controls or norm-populations exist (86, 112, 117-119). For example, Astor et al. (86) showed
that hypoPT patients had statistically significant lower scores across all eight domains of the
SF-36 compared to a general norm population. Post-surgical hypoPT patients in this study had
lower QoL scores than patients with Addison’s disease (6 out of 8 domains) and adrenal
hyperplasia (five out of eight domains) (120, 121). In order to exclude the potential effects of
hypothyroidism Sikjaer et al. (119) performed a cross-sectional study with three groups of 22
patients each: (1) patients with chronic postsurgical hypoPT and well-substituted
hypothyroidism, (2) patients with postsurgical well-substituted hypothyroidism without hypoPT,
and (3) healthy controls without abnormalities in their thyroid or parathyroid function. The
groups were matched for age, sex, and time of thyroid surgery. Compared to group 3, the
hypoPT patients had statistically significant lower scores in all SF-36 domains except for the
role emotional domain. The hypoPT patients also had statistically significantly lower scores in
the physical functioning and role-physical domains compared to the patients in group 2.
Whether this association between hypoPT and QoL also influences QoL in patients after

treatment for TC is to be investigated.

4. Post-surgical hypoparathyroidism after thyroid cancer
Surgery for thyroid cancer is one of the main causes of postsurgical hypoPT. Large studies

have reported shares from 20-40% for transient, and 5-12% for permanent hypoPT after
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surgery for TC (122-126). In pediatric patients the shares range from 4.5-32% for transient,
and 0-32% for permanent hypoPT (127-132). This heterogeneity in results may be explained
by several factors. As described in Section 2 there is a huge variety in definitions of hypoPT,
which contribute to different numbers of cases (96, 97). The timing of the assessment of
hypoPT can have an impact on the shares. Recent studies have shown that it is possible for
parathyroid glands to return to proper functioning after more than one year (98, 99). As various
risk factors associated with post-surgical hypoPT haven been identified, their different
distributions within the studies might also explain the differences found in the studies. The
extent of surgery is one of the main risk factors for post-surgical hypoPT, with patients receiving
total thyroidectomy having higher odds of developing permanent hypoPT compared to partial
or hemi-thyroidectomy (126, 133-136). If neck dissection (137-141) or lymph node dissection
(133, 140, 142, 143) are performed, the odds of developing permanent hypoPT are also
increased. This association has led to recommendations in guidelines advocating against
prophylactic neck dissection (144-146) (see Section 9.1.2). Another risk factor for the
development of post-surgical hypoPT is the experience of the surgeon, with high volume
surgeons reporting lower rates of hypoPT independent of the surgical volume of their centre
(133, 138, 139, 147-149). Lorenz et al. (149) state that a surgeon can be considered a high
volume surgeon if he or she performs at least 50 thyroidectomies per year. Results regarding
autotransplantation of parathyroid glands in order to prevent hypoPT are inconsistent. While
some studies found a higher impact on post-surgical hypoPT when autotransplantation of
parathyroid glands was performed (123, 135, 150-152), these findings could not be confirmed
by other studies (84, 153, 154). If parathyroid glands are found in the specimen, the risk of
hypoPT is increased (133, 135, 155). As most risk factors are associated with surgery, it has
been advocated that surgery for TC should only be performed by high volume surgeons with
experience in parathyroid surgery in order to minimize the risk of post-surgical hypoPT (126,
149).

5. Quality of life in patients with thyroid cancer - the impact of
hypoparathyroidism: current evidence from the literature

As seen in Sections 1 and 2, patients with TC and patients with hypoPT report impairments in
QoL. Since post-surgical hypoPT is one of the major complications of TC treatment (see
Section 3), the question arises whether impairments in QoL of TC patients might partially be
explained by the negative effects from post-surgical hypoPT on QoL. A systematic literature
search identified 12 studies investigating the QoL of TC patients that metioned the topic of
hypoPT. Three studies only stated the incidence of hypoPT in their study populations without
including hypoPT in their analyses (62, 156, 157). No influence of hypoPT on TC patients’ QoL
was observed in two studies (78, 158), leaving seven studies that included hypoPT in their
analysis or reported an association between hypoPT and QoL. Vy et al. (159) performed a
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cross-sectional study in 162 TC patients after surgery. They reported that hypoPT, vocal cord
palsy or hypothyroidism significantly affected the patients without analyzing or quantifying this.
In a study of 146 TC patients by Huang et al. (160), tetany and tingling around the mouth was
present in patients with post-surgical hypoPT. Alyoussef et al. (161) also reported that tingling
in the hand or the feet caused by hypocalcemia was one of the most common symptoms in
their study of long-term (5-15 years) TC survivors. Bongers et al. (162) used calcitriol
supplementation as an indicator for hypoPT and found an impact of the disease on the body
image scale of the EORTC QLQ-THY34. Compared to TC patients without hypoPT, TC
patients with hypoPT reported statistically significantly lower scores across all or various

domains of the respective questionnaires used (76, 163, 164).

Seeing the impairments in QoL of TC patients potentially influenced by hypoPT, the question
arises whether impairments in QoL among hypoPT patients might also be affected by TC and
its treatment. In total 31 studies addressing the topic of QoL in hypoPT were identified in a
systematic literature search in September 2023 by the author of this thesis. TC as an exclusion
criterion was mentioned for two studies, and eight studies included TC in their analysis or at
least in their discussion. Siggelkow et al. (165) found in their study of 398 hypoPT patients that
mean SF-36 Physical Component and Mental Component scores of the patients were
comparable or lower than the scores of cancer patients. In 2016 Sikjaer et al. (119) performed
a study which compared the QoL of hypoPT patients to patients with hypothyroidism and
healthy controls (see Section 2). Even though in the hypoPT group more patients had a
diagnosis of TC five years before and the authors acknowledged that it might influence QolL, it
was not included in the analysis. The remaining six studies (118, 166-170) included TC in their
analysis of QoL but did not find any statistically significant association. None of the studies
reported possible explanations for not finding any effect. Two studies (118, 166) included TC
only in univariate analysis and might therefore be susceptible for confounding. With small
sample sizes in the studies (168-170) lacking statistical power to find any association might be
another possible explanation. In Bulttner et al. (171) it is assumed that cancer patients may
seek more support services that may help the patients to cope with their burden and therefore
might help to maintain a good QoL. Nevertheless, the possibility also exists that this a true

finding and TC is not associated with QoL in hypoPT patients.

6. Aim of the thesis and research question

Studies analyzing the QoL of TC patients have seldom included HypoPT in their analysis and
vice versa the rare inclusion of TC in the analysis of hypoPT patients’ QoL, this thesis

addressed the following research questions:

1. What is the impact of hypoPT on QoL in TC patients?
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2. Do TC and hypoPT compound each other, causing severe impairments for the patients?

As these research questions cannot be answered by single studies, | will present three studies

that add information to the body of literature in order to answer these research questions.

7. Setting and methods of the three publications

All three publications (171-173) were published between 2020 and 2022. For all three
publications, Matthias Buttner was the first and corresponding author. Ethical approval was
obtained for the studies when required (Landesarztekammer Rheinland-Pfalz: #837.238.16
and # 837.470.14.9709).

7.1 Buttner et al. (2020) - Quality of life of patients more than 1 year after surgery for

thyroid cancer

Study design: single centre (University Medical Centre Mainz) cross-sectional study

Study population: Patients with surgery for TC between 2010 and 2015 at the University
Medical Center Mainz with parathyroid hormone or calcium levels below the reference values

after surgery. Of 134 eligible patients, 75 (56%) participated in the study.

Definition/ diagnosis of hypoPT: Self-reported diagnosis of hypoPT by the patients.
Additionally, patients stated if they were currently on calcium and/or vitamin D supplementation

after surgery for TC.

HypoPT population: Four (5.3%) self-reported a diagnosis of permanent hypoPT and 36

(48.0%) reported calcium and/or vitamin D intake.

Assessment of QoL: Patients participated in a telephone interview where they completed the
EORTC QLQ-C30, the EORTC QLQ-THY34, and a symptom list of typical hypoPT symptoms
(e.g. tingling, trousseau sign), which was obtained from the literature and patient reports with

a four-week time frame.

7.2 Biittner et al. (2020) - Quality of life in patients with hypoparathyroidism after

treatment for thyroid cancer

Study design: multi-national cross-sectional study

Study population: Patients were enrolled for the Phase Il study of the development of the
EORTC QLQ-THY34 questionnaire. In total, 182 patients from 14 centers participated in the
study. Inclusion criteria for this analysis were (i) clear information on parathyroid insufficiency
and (ii) diagnosis of TC at least nine months past to ensure permanent hypoparathyroidism.

These inclusion criteria resulted in 89 patients being eligible for the analysis.
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Definition/ diagnosis of hypoPT: Diagnosis of hypoPT was confirmed and documented by the

treating physician.

HypoPT population: Of the 89 TC patients fulfilling the inclusion criteria for the analysis 17

were additionally diagnosed with post-surgical hypoPT.
Assessment of QOL: Patients filled out the EORTC QLQ-C30 and the EORTC QLQ-THY34.

7.3 Biittner et al. (2022) - What are predictors of impaired quality of life in patients with
hypoparathyroidism?

Study design: cross-sectional study with data obtained via an online survey

Study population: Patients with hypoPT were recruited through their treating physician or the
newsletters or forums of self-help organizations. In total 264 hypoPT patients participated in

the survey

Definition/ diagnosis of hypoPT: Patients with a self-reported diagnosis of hypoPT participated
in the study

Thyroid cancer population: Of the 264 hypoPT patients, 100 (41.2%) stated that surgery for

thyroid cancer was the cause of their hypoPT.

Assessment of QoL: The functioning scales of the EORTC QLQ-C30 (EORTC QLQ-F17) and

the HPQ-28 were used to assess QoL and symptom burden.

8. Publications
The three following publications (including a German summary) are the basis for this thesis:

1. Buttner M, Hinz A, Singer S, Musholt TJ. Quality of life of patients more than 1 year after
surgery for thyroid cancer. Hormones (Athens). 2020;19(2):233-43.

2. Biittner M, Locati LD, Pinto M, Araujo C, Tomaszewska IM, Kiyota N, et al. Quality of life in
patients with hypoparathyroidism after treatment for thyroid cancer. J Clin Endocrinol Metab.
2020;105(12).

3. Buttner M, Krogh D, Siggelkow H, Singer S. What are predictors of impaired quality of life
in patients with hypoparathyroidism? Clin Endocrinol (Oxf). 2022;97(3):268-75.
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8.1 Biittner et al. (2020) - Quality of life of patients more than 1 year after surgery for

thyroid cancer

Zusammenfassung

Einleitung: Es wird haufig angenommen, dass Patienten mit Schilddriisenkrebs, aufgrund der
guten Prognose, keine Einschrankungen ihrer Lebensqualitat aufweisen. Der Einfluss von
Folgen der Operation und die Notwendigkeit der lebenslangen Medikamenteneinnahme auf

die Lebensqualitat wurde bisher selten untersucht.

Methoden: Patienten, die zwischen 2010 und 2015 aufgrund einer
Schilddrisenkrebsdiagnose an der Universitatsmedizin Mainz operiert wurden und deren
Parathormon- und Kalziumwerte postoperativ unter dem Referenzwert lagen, wurden als
teilnahmefahig angesehen. Die Lebensqualitat wurde mit dem EORTC QLQ-C30 und dem
Schilddrisenkrebs spezifischen Modul EORTC QLQ-THY34 erhoben. Multiple logistische
Regression wurde durchgefihrt um Bereiche zu identifizieren in denen die Patienten eine

niedrigere Lebensqualitat, im Vergleich zur Allgemeinbevdlkerung, auswiesen.

Ergebnisse: Insgesamt 75 (56%) der 134 teilnahmeféhigen Patienten nahmen an der Studie
teil. Patienten, die seit der Operation Kalzium- und/oder Vitamin D Supplemente einnehmen,
berichteten eine schlechtere Lebensqualitat in den Bereichen globaler Gesundheitsstatus,
physische Funktion, Rollenfunktion, emotionale Funktion und Schlaflosigkeit im Vergleich zu
Patienten ohne Supplementation. Kalzium- und/oder Vitamin D Supplementation, héherer
Bildungsgrad, Partnerschaft und Alter erhdhten die Odds eine schlechtere Lebensqualitat im

Vergleich zu einer alters- und geschlechtsadjustierten Allgemeinbevdlkerung zu haben.

Fazit: Patienten, die mindestens ein Jahr nach ihrer Schilddriisenkrebs-Operation noch
Kalzium und/oder Vitamin D einnehmen, berichten Lebensqualitatseinschrankungen in
verschiedenen Bereichen. Deshalb ist es wichtig, dass in der Nachsorge von
Schilddrisenkrebspatienten Kalzium und Vitamin D regelmalig kontrolliert wird und dass
Patienten mit diagnostiziertem Hypoparathyreoidismus besondere Aufmerksamkeit seitens

des behandelnden Arztes erfahren.
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Abstract

Purpose Patients with thyroid cancer are often assumed to have no quality of life (QOL) impairments after treatment because of
thyroid cancer’s good prognosis. However, the QOL implications of surgical complications and the necessity to take lifelong
medication are seldom assessed.

Methods Patients who had surgery due to thyroid cancer at the University Medical Center Mainz between 2010 and 20135 and
who had calcium or parathyroid hormone levels below the reference values immediately following surgery were eligible for this
study. QOL was assessed using the EORTC QLQ-C30 and the thyroid cancer module EORTC QLQ-THY34. Multiple logistic
regression was used to determine factors associated with a worse QOL compared with a general population.

Results A total of 75 (56%) of 134 eligible patients participated in the study. Patients with persistent/prolonged calcium or
vitamin D intake reported worse QOL in the domains of global health, physical functioning. role functioning, emotional
functioning, and insomnia than patients without current intake. Current calcium and vitamin D intake, higher education, living
with a partner. and age had an effect on the odds of having worse QOL than the age- and sex-adjusted general population.
Condusion Prolonged calcium and/or vitamin D intake are negatively associated with certain domains of QOL in thyroid cancer
patients who are at least 1 year post surgery. Assessment of calcium and vitamin D and diagnosis of hypoparathyroidism are
therefore important for the follow-up of thyroid cancer survivors since it may affect their QOL.

Keywords Quality oflife - Thyroid cancer - Calcium - Vitamin D

Introduction

With an incidence rate of 6.3 per 100,000 per year and a
mortality rate of 0.4 per 100,000 in Europe, thyroid cancer
(TC) is considered to be a very treatable type of cancer [1].
Depending on the histology of TC. 10-year survival rates
range from 95% for papillary or follicular types [2] and be-
tween 75% and 85% for medullary TC [2-4]. For anaplastic
TC, median survival is less than 6 months [2]. Due to the
general good prognosis of TC. it is often considered a “good”
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cancer, but this impression overlooks the associated morbidity
[5]. Various studies have evaluated the quality of life (QOL) of
TC patients and found impairments [6-8]. QOL impairments
were also reported in long-term TC survivors up to 15 years
post diagnosis [9-11]. Unfortunately, few of the studies
assessing QOL in TC patients have reported data on postsur-
gical complications such as vocal cord palsy or hypoparathy-
roidism (HPT) resulting in symptomatic hypocalcemia [12,
13]. The British Association of Endocrine and Thyroid sur-
geons reported a rate of 23.5% (95% CI 22.7-24.5%) of
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postoperative hypocalcemia, defined as low calcium on post-
operative day 1 following total thyroidectomy [ 14]. A total of
60-70% of these hypocalcemia cases are only transient and
resolve within 4-6 weeks after thyroid surgery [15]. Those
individuals in whom hypocalcemia does not resolve within
6 months are considered to be permanent hypoparathyroid
patients [16]. However, improvements are occasionally re-
ported following more than | year. HPT is an endocrine dis-
order where replacement of the missing hormone is not the
standard treatment. The current treatment consists of calcium
supplementation and active forms of vitamin D [17].
However, calcium and vitamin D supplementation do not re-
store physiological calcium/phosphorus homeostasis, but
rather lead to pronounced fluctuations in blood calcium levels.
Despite lifelong intake, short-term complications such as
brain fog, tingling in the fingers, arms, or legs, and other
physical, cognitive, or emotional symptoms [18] as well as
long-term complications such as kidney stones, soft tissue
calcification, and renal failure are observed [19, 20]. Studies
looking at an association between hypoparathyroidism and
mortality show contradictory results [20, 21]. Patients with
hypoparathyroidism report a worse QOL than patients from
the general population or healthy controls [22].

The aim of this study was to evaluate QOL more than 1 year
after surgery in patients who had low calcium and/or parathy-
roid hormone levels within 24 h following surgery and to
identify factors that might influence their QOL.
Additionally, the study aimed at identifying patients with
and without calcium and vitamin D supplementation more
than year after surgery and to assess their QOL compared with
a general population.

Methods
Design and patient selection

The study was a single-center, cross-sectional study. Patients
were eligible if they had surgery for thyroid cancer between
2010 and 2015 at the University Hospital Mainz, Germany,
and if they met the following inclusion criteria: (i) histologi-
cally confirmed diagnosis of thyroid cancer, (ii) parathyroid
hormone level below 20 ng/l and/or serum calcium levels
below 2.1 mmol/l within 24 h after surgery for thyroid cancer,
(iii) 18 years of age or older at the start of the study, and (iv)
written informed consent. Patients were excluded if language
skills or mental abilities to complete the questionnaires were
lacking. The reason for selecting patients with low calcium or
PTH levels was that we wanted to include a high proportion of
patients with calcium and/or vitamin D intake after thyroid
cancer treatment. Patients were approached by their treating
physician by letter and received written information about the
study. After having given their informed consent, patients
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were interviewed via telephone by a trained interviewer.
Patients with interview data were considered to be partici-
pants, while patients who did not participate in the interview
were considered to be non-participants. Additional medical
information was obtained from the patients’ health records.
This study meets the ethical guidelines of the institution where
the study was performed and was approved by the relevant
ethical committee.

Assessments

For assessment of the QOL of the patients, the European
Organization for Research and Treatment of Cancer
Questionnaire (EORTC QLQ-C30) and the newly developed
EORTC QOL module for thyroid cancer (EORTC QLQ-
THY 34) were used. The EORTC QLQ-C30 is a tool that has
been specifically developed to assess QOL in cancer patients
and has been used in various studies. It consists of 30 items
summarized into five functioning scales (physical functioning
(PF), role functioning (RF). emotional functioning (EF), cog-
nitive functioning (CF), social functioning (SF), global quality
of life (QL)) and nine symptom scales (fatigue (FA), nausea
and vomiting (NV), pain (PA). dyspnea (DY), insomnia (SL),
appetite loss (AL). constipation (CO), diarrhea (DI), and fi-
nancial difficulties (FI)). All items are scored on a four-point
Likert scale (“not at all,” “a little,” “*quite a bit.” and “very
much”); only the QL scale-related items are scored on a
seven-point Likert scale ranging from “very poor” to “excel-
lent.” The EORTC QLQ-THY 34 is a newly developed mod-
ule that accompanies the EORTC QLQ-C30 and specifically
assesses the QOL issues of thyroid cancer patients that are not
covered by the C30. The THY34 is currently in its final val-
idation phase [23, 24] and consists of 34 items assessed via a
four-point Likert scale summarized in the following scales:
discomfort in the head and neck (DIN), fatigue (FA_THY),
fear (FE), hair problems (HA), restlessness (RE), social sup-
port (S0O), swallowing (SW), worry about significant others
(WO), tingling or numbness (TI), voice concemns (VO), body
image (BI). cramps (CR), dry mouth (DM), altered tempera-
ture tolerance (TO), impact on job or education (JE), joint pain
(JP), and shoulder functioning (SH). The items of the C30 and
the THY 34 are transformed into scale scores ranging from 0 to
100, with higher values indicating a lower burden for func-
tioning scales and higher burden for symptom scales [25].
Additionally, information on typical hypoparathyroid symp-
toms, such as tingling, cramps, or trousseau signs within the
last 4 weeks, was obtained from the patient using a four-point
Likert scale. Data on education, partnership, thyroxin intake,
radioiodine treatment, calcium or vitamin D intake, and a pre-
vious diagnosis of hypoparathyroidism were obtained from
the patient during the interview. Medical data such as histolo-
gy, staging, date of diagnosis, type of surgery, and removal of
parathyroid glands were obtained from the medical files of the
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patient. The data for the general population were obtained
from a dataset comprising the C30 scores of a representative
sample of 2028 individuals from the German general popula-
tion [26]. The sample can be assumed to be representative in
respect to sociodemographic characteristics for the adult
German population [26].

Statistical analysis

Patient characteristics were expressed as mean values (SD) for
quantitative data or absolute and relative (%) frequencies for
qualitative data. Univariate comparisons between participants
and non-participants were performed using 7 tests, Mann-
Whitney U tests, or chi” tests according to the distribution of
the data. QOL scores for the C30 and the THY 34 were calcu-
lated according to the official scoring manual of the EORTC
[24]. Differences in QOL scores for gender, histology, and
calcium or vitamin D intake were investigated using ¢ tests,
Mann-Whitney U tests, or chi® tests matching the distribution
of the data.

For comparison of the C30 scores of the patients with a
general population, the patients were categorized into having a
worse or equal/better QOL score than the general population
with similar age and gender distribution. Patients were defined
as having worse QOL if their score was lower than the 25th
quartile of the general population for functioning scales and if
it was higher than the 75th quartile for symptom scales.

Descriptive statistics were used for describing the propor-
tion of patients with worse QOL compared with the general
population. We had access to the raw data.

Logistic regression was used to identify possible clinical or
sociodemographic variables that might influence the odds of
having a worse score than the general population. These var-
iables were defined a priori based on the literature and clinical
experience. The following variables were used in the model:
age, time since surgery, gender, histology (DTC vs. medul-
lary), education (up to 10 years vs. over 10 years), partnership
(living with partner vs. living alone), and prolonged or ongo-
ing calcium and vitamin D intake (yes vs. no).

This approach was chosen since the QOL scores of our
sample did not meet the requirements for using multiple linear
regression models due to the skewness of the QOL data.

Hypoparathyroid signs are presented descriptively using
percentages. All statistical analyses were performed using R
(R Version 3.2 4, R Foundation for statistical computing) [27].

Results

Patient characteristics

A total sample of 134 patients (31.8%) of all patients who had
thyroid cancer surgery during the selected time frame (n =

421) fulfilled the inclusion criteria and were invited to partic-
ipate in the study. The cohort included patients who
underwent primary surgery or surgery for recurrent disease,
occasionally with pre-existing hypoparathyroidisms. Of them.
75 patients (56.0%) participated in the study and were
interviewed while 49 individuals (36.6%) did not reply to
the invitation; seven patients (5.2%) were already deceased
and three (2.2%) actively declined participation.

The sociodemographic and clinical characteristics are pre-
sented in Table 1. Of the 75 participants, 52 (69.3%) were
female, and the mean age was 52.8 years (SD 15.9 years,
range 20-88 years). The mean time since thyroid cancer sur-
gery was 3.8 years (SD 1.6 years, range 1.2-6.7 years). Most
patients were diagnosed with papillary thyroid cancer
(61.3%), followed by medullary thyroid cancer (30.7%).
Four patients (5.3%) were diagnosed with permanent hypo-
parathyroidism, of whom one participant was already diag-
nosed before thyroid cancer surgery, but 48% overall reported
continued calcium and/or vitamin D intake. The reason for the
intake of calcium and vitamin D was not assessed. There were
no statistical significant differences between participants and
non-participants regarding current age, time since surgery,
gender, histology, UICC stage, type of surgery, and
transplanted or removed parathyroid glands. Unfortunately,
data on blood levels in the follow-up was available for only
a small proportion of patients, despite the fact that such an
analysis was offered to our patients. Therefore, assessment
of the real frequency of permanent hypoparathyroidism was
not possible. Data for the general population were available
from 2028 individuals, with 56.1% of them being female with
a mean age of 49.4 years (SD 17.2 years; range 16-92 years).

QOL in patients

The QOL scores of the patients are presented in Tables 2 and 3.
Women reported worse scores regarding appetite loss compared
with men (mean score 7.7 vs. 0; p =0.050). Regarding other
domains, no evidence of differences between women and men
was observed. Patients with differentiated thyroid cancer (DTC)
reported better social finctioning than patients with medullary
TC (mean score 91.7 vs. 78.3; p = 0.018). For all other function-
ing and symptom scales, no evidence of differences was ob-
served regarding histology (DTC vs. medullary).

The highest scores in the THY 34 were worry about signif-
icant others (mean 25.3; SD 27.4), thyroid fatigue (mean 21.9;
SD 26.0), altered temperature tolerance (mean 20.1; SD 32.8),
and joint pain (mean 20.0; SD 30.5). Almost no impairments
were reported for swallowing (mean 2.7; SD 11.0), social
support (mean 5.2; SD 11.5), body image (mean 5.3; SD
17.4), and impact on job or education (mean 5.8; SD 18.5).
There was no evidence of differences in thyroid cancer—
specific QOL between women and men and regarding histol-
ogy (Tables 2 and 3).
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Table 1 Sample characteristics at baseline and comparison with non-participants

it (%)

Whole sample (n = 134)

n (%)

Participants (1 = 75)

Non-participants (n = 59) p value

(participants vs.
non-participants

Age at time of survey, years [mean (= SDj)] 489 (15.7)

Time since surgery, years [mean (+ SD)] 3.6(L6)
Gender
Male 44 (32.8%)
Female 90 (67.2%)
Education
Below 10 years
10 years
Over 10 years
Partnership
Partner
No partner
Histology
Papillary 91 (67.9%)
Follicular 7 (5.2%)
Medullary 30 (22.4%)
Anaplastic 1 (0.7%)
Poorly differentiated 5(3.7%)
UICC stage
Stage | 96 (71.6%)
Stage 11 27 (20.1%)
Stage 11 32.2%)
Stage IV 8 (6.0%)
Type of surgery
Total thyroidectomy 125 (93.3%)
Partial/hemi thyroidectomy 9 (6.7%)
Radioiodine treatment
Never

Yes, more than 6 months ago

Yes, less than 6 months ago
Thyroxin intake (pg) [mean (+ SD)]
Current calcium and/or vitamin D intake

Yes
No
Hypoparathyroidism
Never
Transient
Permanent
Transplanted parathyroid glands
0 23 (17.2%)
1 32 (23.9%)
2 53 (39.6%)
3 19 (14.2%)
4 3 (2.2%)
Unknown 4 (3.0%)
Removed parathyroid glands
0 117 (87.3%)
1 8 (6.0%)
2 5(3.7%)
3 0
4 0
Unknown 4 (3.0%)

49.0 (15.9)
38(1.6)

23 (30.7%)
52 (69.3%)

11 (14.7%)
21 (28.0%)
43 (57.3%)

56 (74.7%)
19 (25.3%)

46 (61.3%)
3 (4.0%)
23 (30.7%)
0

3 (4.0%)

51 (68.0%)
15 (20.0%)
2(27%)
7 (9.3%)

68 (90.7%)
7 (9.3%)

24 (32.0%)
49 (65.3%)
2(2.7%)
136.6 (42.0)

36 (48.0%)
39 (52.0%)

69 (92.0%)
2 (2.7%)
4(5.3%)

12 (16.0%)
19 (25.3%)
32 (42.7%)
8 (10.7%)
1(1.3%)

3 (4.0%)

66 (88.0%)
3 (4.0%)

3 (4.0%)
0

0

3 (4.0%)

48.6 (15.6)
33015

21(35.6%)
38(64.4%)

45 (76.3%)
4(68%)

7 (11.9%)

1 (1.7%)
2(34%)

45 (76.3%)
12(20.3%)
1 (1.7%)
1 (1.7%)

57 (96.6%)
2 (34%)

11 (18.6%)
13 (22.09%)
21(35.6%)
11 (18.6%)
2(34%)
1(1.7%)

51(86.4%)
5(85%)

2 (34%)
0

0

1 (1.7%)

0.442
0.09

0.676

0.088

0.298

0.309

0.639

0.629

1 test for continuous data und chi-squared test for categorical data were used for the comparison of participants and non-participants

Patients who reported a current intake of calcium or vita-
min D (vs. no intake) reported worse QOL in global health
(mean score 68.5 vs. 76.7; p =0.041), physical functioning
(mean score 89.3 vs. 95.7; p =0.013), role fiunctioning (mean
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score 77.3 vs. 89.3; p =0.032), and joint pain (mean score
29.6 vs. 11.1; p =0.009).

Regarding hypoparathyroid symptoms, 32 patients
(42.7%) reported tingling in the arms, legs, or face, 21
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Table 2 Quality of life in patients with thyroid cancer and comparison between sexes
Total (n =75) Male (n =23) Female (n = 52) p value
EORTC QLQ-C30 functioning scales
Global health (QL) 728 (15.9) 74.6 (16.2) 72.0(20.9) 0.670
Physical functioning (PF) 92.6 (14.1) 94.8 (10.2) 91.7 (15.6) 0.853
Role functioning (RF) 83.6 (27.7) 90.6 (17.3) 80.4 (30.9) 0.335
Emotional functioning (EF) 78.9 (23.5) 822 (27.1) 77.4(21.9) 0.170
Cognitive functioning (CF) 86.0 (22.8) 90.6 (22.4) 84.0(22.9) 0.123
Social functioning (SF) 87.6 (24.8) 89.1 (23.4) 86.9(25.6) 0.960
EORTC QLQ-C30 symptom scales
Fatigue (FA) 26.1 (26.2) 20.8 (24.9) 249 (28.4) 0.206
Nausea and vomiting (NV) 1.6 (5.6) 0(0) 22 (6.6) 0.094
Pain (PA) 15.6 (25.9) 18.8 (26.3) 14.1 (25.9) 0.291
Dyspnea (DY) 15.6 (29.2) 14.5 (24.3) 16.0 (31.3) 0.796
Insomnia (SL) 17.8 (30.7) 10.1 (25.5) 21.2(324) 0.131
Appetite loss (AL) 5.3(16.5) 0 7.7(194) 0.050
Constipation (CO) 4.0(13.4) 2.9(13.9) 45(13.2) 0.362
Diarrhea (DI) 53(17.4) 58 (21.7) 5.1(15.3) 0.756
Financial difficulties (FI) 6.2 (18.7) 10.1 (25.5) 4.5 (14.8) 0.328
EORTC QLQ-THY 34 symptom scales
Discomfort in the head and neck (DN) 11.7(17.1) 1.1 (16.1) 12.0(17.7) 0.934
Thyroid fatigue (FA THY) 21.9 (26.0) 16.4 (25.5) 24.4(26.1) 0.148
Fear (FE) 13.0(154) 12.1 (14.6) 13.5(15.9) 0.721
Hair problems (HA) 12.2 (25.6) 9.4 (25.0) 13.5 (26.0) 0.281
Restlessness (RE) 18.2 (24.4) 123 214 20.8(25.3) 0.117
Social support (SO) 5.2(11.5) 48 (11.0y 53(1L.7) 0.993
Swallowing (SW) 2.7(11.0) 1.4 (7.0) 32(124) 0.595
Worry about important others (WO) 253 (274 21.7 (26.9) 26.9 (27.7) 0401
Tingling or numbness (TI) 14.9 (20.4) 18.1 (19.4) 13.5(20.9) 0.247
Voice concems (VO) 8.7 (14.3) 9.2 (14.5) 8.5 (14.4) 0.722
Body image (BI) 53(17.4) 4.3 (11.5) 5.8 (19.5) 0.739
Cramps (CR) 12.9 (284) 8.7 (20.6) 14.7 (31.3) 0.610
Dry mouth (DM) 16.0 (30.2) 13.0 (24.1) 17.3 (32.7) 0.886
Altered temperature tolerance (TO) 20.1 (32.8) 14.5 (28.1) 23.7(34.5) 0.306
Impact on job or education (JE) 5.8(18.5) 8.7 (23.0) 4.5(16.2) 0.452
Joint pain (JP) 20.0 (30.5) 26.1 (38.9) 17.3 (26.0) 0.642
Shoulder function (SH) 7.1(22.1) 58 (21.7) 7.7 (22.5) 0.582

Functioning scales: A higher score is indicating a better QOL. Symptom scales: A lower scores is indicating fewer problems. Mann-Whitney U test was

used for the comparison (male vs. female)

(28.0%) had unexplainable irritability or feelings of anx-
iety, 15 (20.0%) had painful cramps in the hands or
feet, 10 (13.3%) respiratory distress, 6 (8.0%) heart
trouble, and one (1.3%) had had laryngeal cramps with-
in the last 4 weeks. No patient reported trousseau signs
of tetany or cramps while measuring blood pressure
within the last 4 weeks. There was no significant differ-
ence in patients with current calcium and vitamin D
intake and patients with no intake regarding
hypoparathyroid symptoms.

QOL compared with the general population

Table 4 presents the number and percentage of patients who
reported worse C30 scores compared with the age- and sex-
adjusted general population. High percentages of worse QOL
scores compared with the general population were seen in the
following domains: fatigue (42.7%), emotional finctioning
(33.3%), cognitive functioning (30.7%), pain (28.0%),
insomnia (28.0%), dvspnea (26.7%), role functioning
(26.7%), and social functioning (26.7%).
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Table 3 Quality of life in patients with different histologies and current vs. no caleium or vitamin D intake

DTC Medullary TC P Current caleium or No calcium or P
(n=52) (n=23) value  vitamin D intake vitamin D intake value
(n=36) (n =39)

EORTC QLQ-C30 functioning scales
Global health (QL) 73.2(20.2) TL.7(18.4) 0700 638.5(174) 76.7 (20.8) 0.041
Physical functioning (PF) 93.6(13.5) 90.4(15.7) 0.116  89.3(162) 95.7(113) 0.015
Role functioning (RF) 86.2 (25.9) 77.5(31.2) 0.139  77.3(309) 89.3(23.4) 0.032
Emotional functioning (EF) 77.7(252)  8L.5(19.6) 0.795 77.5(225) 80.1(24.7) 0.461
Cognitive functioning (CF) 853 (24.8) 81.7(17.6) 0.849  §7.0(204) 85.0(25.0) 0.956
Social functioning (SF) 91.7(20.5) 78.3(31.2) 0.018 84.7(253) 90.2 (24.4) 0.119

EORTC QLQ-C30 symptom scales
Fatigue (FA) 26.1 (26.5)  26.1(26.3) 0.925 293(252) 23.127.1) 0.166
Nausea and vomiting (NV) 1.9 (6.3) 0.7 (3.5) 0441 19 (6.6) 1.3 (4.5) 0.901
Pain (PA) 154 (255) 159(27.3) 0.901 204 (288) 11.1 (224) 0.124
Dyspnea (DY) 154 (29.1) 15.9(29.9) 0.999 222 (338) 9.4 (22.9) 0.063
Insomnia (SL) 17.9 (29.9) 17.4(33.1) 0.780 259 (35.7) 10.3(23.1) 0.047
Appetite loss (AL) 5.8(17.1) 4.3 (15.3) 0.723 74 (18.0) 3.4 (149) 0.130
Constipation (CO) 5.1(15.3) 1.4 (7.0) 0322 28(9.3) 5.1(16.3) 0.737
Diarrhea (DI) 6.4 (19.8) 23(9.6) 0.676 4.6 (14.1) 6.0 (20.0) 0.953
Financial difficulties (FI) 4.5(16.2) 10.1(23.4) 0.105 74 (19.7) 5.1 (18.0) 0.288

EORTC QLQ-THY 34 symptom scales
Discomfort in the head and neck 11.7(18.2) 116 (14.8) 0.602 99 (11.8) 13.4(20.9) 0.847

DN

Tl(lymi)d fatigue (FA_THY) 22.6 (26.7) 20.3(25.0) 0.842  225(225) 21.4(29.2) 0.356
Fear (FE) 13.5(15.9) 12.1(14.6) 0957 1L.1(12.7) 14.8(17.5) 0.554
Hair problems (HA) 125 25.1)  11.6(27.3) 0.584 125(259) 12.0(25.6) 0.897
Restlessness (RE) 18.9 (24.9) 16.7 (23.6) 0.699 204 (23.6) 16.2(25.2) 0.262
Social support (SO) 49(11.3) 5.8 (12.0) 0.580 6.5 (12.6) 4.0 (10.4) 0.227
Swallowing (SW) 3.8 (13.0) 0(0) 0.130  3.7(13.9) 1.7 (7.4) 0.573
Waorry about important others (WO) 26,6 (27.9)  22.5(26.4) 0.753  23.4(228) 27.1(31.2) 0.906
Tingling or numbness (T1) 17.6 (22.0) 8.7 (15.0) 0.116  19.0(21.5) 1.1 (18.7) 0.064
Voice concems (VO) 9.6 (14.9) 6.8 (12.9) 0255 74127 10.0(15.7) 0412
Body image (BI) 6.4 (19.8) 29(9.6) 0.676 28(9.3) 1.7(22.2) 0482
Cramps (CR) 14.7 (29.8) 8.7 (15.0) 0336 111 (28.7) 14.5 (284) 0.291
Dry mouth (DM) 18.6 (32.6) 10.1(23.4) 0.281 15.7(29.3) 16.2(31.4) 0.961
Altered temperature tolerance (TO) ~ 20.5 (31.8)  21.7(35.7) 0.923  204(32.1) 21.4(33.8) 0.954
Impact on job or education (JE) 4.5 (16.2) 8.7 (23.0) 04352 56 (18.7) 6.0 (18.5) 0.809
Joint pain (JP) 19.9 (29.0)  20.3(34.4) 0.737  29.6 (34.5) 11.1(234) 0.009
Shoulder function (SH) 45(17.5) 13.0(29.7) 0.090 74 (19.7) 6.8 (24.4) 0.297

Functioning scales: A higher score is indicating a better QOL. Symptom scales: A lower scores is indicating fewer problems. Mann-Whitney U test was
used for the comparisons (DTC vs. medullary TC and current calcium vs. no caleium)

Determinants of worse QOL domains compared
with the general population

Current calcium or vitamin D intake (vs. no intake) had a
significant effect on the odds of having a worse QOL com-
pared with the general population in role functioning (OR
4.63; 95% CI 1.28-19.77) and emotional functioning (OR
3.87;95% CI 1.11-15.42) (Table 5).

@ Springer

Age (as a continuous variable) was associated with global
health (OR 0.94; 95% CI 0.89-0.99) and cognitive

Junctioning (OR 0.94; 95% CI 0.89-0.98).

Higher education of more than 10 years of schooling (vs. <
10 years of schooling) was associated with emotional

Sfunctioning (OR 0.21; 95% CI1 0.05-0.71).

Living with a partner (vs. living alone) was associated with
physical functioning (OR 0.19; 95% CI1 0.03-0.97).
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Table 4 Proportion of worse QOL in thyroid cancer patients compared
with age- and sex-adjusted general population

Worse score, 1 (%)

EORTC QLQ-C30 functioning scales

Global health (QL) 14 (18.7%)
Physical functioning (PF) 12 (16.0%:)
Role functioning (RF) 20 (26.7%)
Emotional functioning (EF) 25 (33.3%)
Cognitive functioning (CF) 23 (30.7%)

Social functioning (SF)
EORTC QLQ-C30 symptom scales

20 (26.7%)

Fatigue (FA) 32 (42.7%)
Nausea and vomiting (NV) 6 (8.0%)
Pain (PA) 21 (28.0%)
Dyspnea (DY) 20 (26.7%)
Insomnia (SL) 21 (28.0%)
Appetite loss (AL) 8 (10.7%)
Constipation (CO) 7(9.3%)
Diarrhea (DI) 8 (10.7%)
Financial difficulties (FI) 9 (12.0%)

Worse QOL: Patients were appointed a worse score if their personal score
was lower than the 25th quartile of the age- and sex-adjusted gencral
population for functioning scales and if it was higher than the 75th quar-
tile for symptom scales

Discussion

Our study shows that patients more than 1 year post surgery
who had early postoperatively low calcium or PTH levels
report reduced QOL in several domains compared with an
age- and sex-adjusted general population. Additionally, our
study showed that almost half of the patients reported the
intake of calcium or vitamin D and that intake was associated
with higher odds for worse QOL in several domains.
Thirty-two percent of all patients who had thyroid cancer
surgery during the selected time frame had low calcium or
PTH levels within 24 h after surgery and 56% of those partic-
ipated in the study. Forty-eight percent of these patients were
currently still on calcium and vitamin D supplementation,
which represents 8.6% of the patients who underwent thyroid
cancer surgery. In a large survey among participants of a thyroid
cancer self-help organization in 2010, 13.8% reported low cal-
cium levels | year after diagnosis [28]. In a recent survey by the
German self-help organization “LebenOhneSchilddriise e.V.,”
19.4% of the participants reported low serum calcium levels
1 year after diagnosis (LebenOhneSchilddriise e.V., data not
published). This shows that patients still have problems with
their calcium levels long after TC surgery. Mclntyre et al. [29]
reported that 29% of patients required a combination of calcium
and vitamin D supplementation 6 months after TC diagnosis.
Aschebrook-Kilfoy et al. [30] consider that the rates of

hypocalcemia and therefore HPT might be higher than expected
by the literature.

Regarding a reduced QOL in TC patients at a minimum of
1 year post diagnosis, our results are in line with the current
literature [8-10]. although other studies showed a similar
QOL compared with a general population [3 1, 32], indicating
that QOL may also improve with time since surgery. These
findings could not be confirmed by our study, with time since
surgery showing no significant improvements in QOL do-
mains. For symptom domains, our results are also in accor-
dance with the current literature; causes of the most problems
for thyroid cancer survivors are fatigue, pain, dyspnea, and
insomnia [6, 8].

The most frequent thyroid cancer-specific problems iden-
tified in our study were worry about significant others, altered
temperature tolerance, joint pain, and thyroid fatigue. Some
of these symptoms have also been identified by others as
among the most troubling thyroid cancer-specific symptoms
[9, 27, 28, 33]. While other studies also report problems relat-
ed to fear of recurrence and lacking social support [10, 29, 34,
35]. our participants reported few problems in these domains.
In a study by Schultz et al. [36]. 43.4% of thyroid cancer
survivors stated that having cancer improved their family re-
lationships, while only 11.6% reported that it damaged their
family relationship, with the remaining patients reporting no
changes or mixed effects.

In our study, patients who reported a continued calcium
or vitamin D intake had worse QOL scores for global
health, physical functioning, role functioning, and
insomnia compared with patients without current calcium
or vitamin D intake. Additionally, current calcium or vi-
tamin D intake was associated with higher odds of having
worse QOL in the role functioning and the emotional

Jfunctioning domains of the C30 compared with the gen-

eral population. The effect of current calcium or vitamin
D intake on QOL domains might have two possible rea-
sons. On the one hand, there is the possibility that the
number of patients with hypoparathyroidism in the group
with current calcium and vitamin D intake is actually
higher than what we found. In our study. a subgroup of
patients reported typical hypoparathyroid symptoms, such
as tingling in the arms, legs, or face (42.7%), unexplain-
able irritability or feelings of anxiety (28%), or painful
cramps in the hands or feet (20%), all within the last
4 weeks. Therefore, there is the possibility that the num-
ber of patients with permanent HPT in our sample may be
higher than reported. HPT patients have a reduced QOL
[22]; however, the cause of this may not only be due to
hypocalcemia but also to PTH deficiency directly.
Previous studies have reported that PTH receptors exist
in several brain regions, the central nervous system, and
muscle cells [37-40], and a lack of PTH might therefore
explain reduced QOL in domains related to mental or
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physical health independent of hypocalcemia status. On
the other hand. we cannot exclude that some patients are
overtreated with calcium or vitamin D without indication.
This might lead to short- or long-term complications of
calcium or vitamin D intake [19-21]. which leads to re-
duced QOL. Unfortunately, we did not have data on cur-
rent blood levels for all patients, so we could not deter-
mine current calcium and PTH status to identify HPT or
overtreated patients. Another factor in our study that was
associated with higher odds of having good QOL in a few
domains was higher education. The influence of education
on QOL remains controversial in the literature. While
some studies have found a positive effect on QOL [9,
36]. others have found no association [41. 42]. If higher
education is assumed to have a positive effect on QOL,
our study might have underestimated the QOL impair-
ments since we included had a high proportion of highly
educated patients. Another point, which requires consid-
eration when looking at thyroid cancer patients QOL, is
the potential difference between patient and physician per-
ception of these impairments because this can lead to
miscommunication between patient and physician. A
study by James et al. [43] found that medical physicians
overestimate the decrease in QOL of patients while sur-
geons seemed to evaluate them more accurately.
Nevertheless, both groups significantly underestimated
the prevalence of physical symptoms, like hypocalcemia,
compared with the patients” perception. This highlights
the point that focus also needs to be set to the postsurgical
complications like hypocalcemia or vocal cord palsy.

Our study has several limitations. Firstly, because of its
cross-sectional design, the obtained QOL can only be
considered as a snapshot of the patients’ QOL. It is not
unlikely that patients with good QOL participated more
often than patients with worse QOL., thereby introducing a
selection bias. Qur sample does not represent the typical
TC patient population due to the inclusion criteria and the
high proportion of medullary TCs. There was no assess-
ment of comorbidities in our patient population; however.
the effect of comorbidities on QOL is as yet controversial
[8-10]. Additionally, since our sample size is quite small,
it was difficult to detect small differences.

One strength of our study was that we used thyroid cancer-
specific questionnaires to assess the patients” QOL. This gave
us the opportunity to assess thyroid cancer-related QOL im-
pairments, which could be missed if a generic questionnaire
were used. Another strength of our study was that we obtained
information on continued calcium or vitamin D intake and on
whether the patients were diagnosed with permanent HPT;
this is important because hypoparathyroidism is associated
with worse QOL [22].

It has been shown that a high proportion of patients still
report calcium or vitamin D intake even 1 year after diagnosis

without being diagnosed for HPT. This may imply that HPT in
Germany is not adequately evaluated or that treatment with
calcium or vitamin D is not stopped even when the intake is no
longer necessary. Both of these possible explanations, a high
rate of undiagnosed HPT or unnecessary calcium or vitamin D
intake, might negatively influence the long-term QOL of TC
SUrvivors,

Conclusions

This study has also shown that patients at 1 year and more post
surgery report impairments in QOL. Further studies should
especially focus on surgical complications such as HPT and
vocal cord palsy and their effects on QOL.
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8.2 Buttner et al. (2020) - Quality of life in patients with hypoparathyroidism after

treatment for thyroid cancer

Zusammenfassung

Einleitung: Chirurgische Komplikationen wie Hypoparathyreoidismus (hypoPT) oder
Stimmbandlahmung werden selten beriicksichtigt, wenn die Lebensqualitat (LQ) von Patienten
mit Schilddriisenkrebs untersucht wird. Ziel dieser Studie war es, den Unterschied in der

Lebensqualitét von Uberlebenden von Schilddriisenkrebs mit und ohne hypoPTzu messen.

Methoden: Potenzielle Teilnehmer flir die Analyse kamen aus einer Studie, in der ein
Schilddriisenkrebs-spezifisches Lebensqualitatsinstrument validiert wurde. Sie wurden in die
Analyse eingeschlossen, wenn bei ihnen mindestens neun Monate zuvor Schilddriisenkrebs
diagnostiziert worden war. Die Lebensqualitdt wurde mithilfe des EORTC QLQ-C30 und
einiger hypoPT spezifischen Symptomen (z. B. Kribbeln in Fingern oder Zehen) gemessen.
Der hypoPT-Status und andere klinische Daten wurden aus den Patientenakten extrahiert.
Vergleiche der Lebensqualitatsskalen zwischen Patienten mit und ohne hypoPT wurden
mithilfe des Mann-Whitney-U-Tests durchgefliihrt. Das Auftreten hypoPT-bedingter Symptome
wurde mittels Chi-Quadrat-Tests verglichen. Es wurde eine multiple ordinale
Regressionsanalyse durchgefiihrt, um Faktoren zu identifizieren, die einen Einfluss auf die

Lebensqualitat haben kénnten.

Ergebnisse: Bei 17 der 89 auswertbaren Patienten wurde permanenter
Hypoparathyreoidismus diagnostiziert. Patienten mit hypoPT hatten, im Vergleich zu Patienten
ohne hypoPT, eine statistisch signifikant reduzierte Lebensqualitat in neun von 15 Skalen des
EORTC QLQ-C30. Die Regressionsanalyse zeigte, dass hypoPT negativ mit verschiedenen
Skalen EORTC QLQ-C30 assoziiert war. Patienten mit und ohne hypoPT zeigten eine hohe

Pravalenz an typischen hypoPT Symptomen.

Fazit: Schilddrisenkrebspatienten mit postoperativem permanenten hypoPT berichten
Lebensqualitatseinschrankungen im Vergleich zu Patienten ohne hypoPT. Der Einfluss von
hypoPT auf die Lebensqualitat sollte berlicksichtigt werden, wenn der Lebensqualitat von

Schilddrisenkrebspatienten gemessen wird.
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Abstract

Purpose: Surgical complications such ashypoparathyroidism (HPT) orvocalcord palsy are
seldom assessed when the quality of life (QOL) in thyroid cancer patients is investigated.
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The aim of this study was to measure the QOL difference in thyroid cancer survivors with
and without HPT.

Methods: Participants for this analysis were enrolled in 13 countries from a study that
pilot-tested a thyroid cancer—specific QOL instrument. They were included if they had been
diagnosed with thyroid cancer at least 9 months previously. QOL was measured using the
European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire
Core (EORTC QLQ-C30) and some items on HPT symptoms (eg, tingling in fingers or
toes). HPT status and other clinical data were extracted from the patients’ medical charts.
Comparisons of QOL domains between patients with and without HPT were performed
using Mann-Whitney U test. The occurrence of HPT-related symptoms was compared
using chi-square tests. Multiple ordinal regression analysis was performed to evaluate
factors that might affect QOL.

Results: Eighty-nine patients participated in this study, 17 of whom were considered
to have HPT. Patients in the HPT group reported significantly reduced QOL in 9 of the
15 scales of the EORTC QLQ-C30 compared to patients without HPT. Regression analysis
showed that HPT was independently negatively associated with various scales of the
QLQ-C30. Both groups showed a high prevalence of typical HPT symptoms.

Conclusion: Thyroid cancer patients with HPT report significantly impaired QOL
compared to thyroid cancer survivors without HPT. The assessment of HPT should be

considered when measuring QOL in thyroid cancer patients.

Freeform/Key Words: hypoparathyroidism, thyroid cancer, quality of life, well-being

Hypoparathyroidism (HPT) is an orphan endocrine dis-
order and is defined by hypocalcemia due to absent or low
levels of parathyroid hormone (PTH), often accompanied by
hyperphosphatemia (1, 2). The current treatment for HPT
consists of calcium and vitamin D supplementation because
HPT is currently the only endocrine disorder for which re-
placing the missing hormone as a standard therapeutic option
is not possible (2). Recent studies show promising results using
synthetic PTH as treatment, but this treatment option is ap-
proved only for patients whose hypocalcemia is inadequately
controlled with calcium and activated vitamin D (3, 4).

Little is known about the prevalence of HPT. Studies from
the United States (5) and Norway (6) respectively report a
prevalence of 37 per 100 000 and 9.4 per 100 000 inhabit-
ants. A Danish registry-based study found a prevalence of 24
cases per 100 000 inhabitants, with 22 per 100000 due to sur-
gery and 2 per 100 000 stemming from nonsurgical reasons
(7, 8). The differences in the prevalence may be explained by
different definitions of HPT and different time frames when
HPT is considered to be permanent (9, 10). It is estimated
that 30% to 40% of surgical HPT is related to thyroid cancer
or other malignancies (7, 11, 12). Only a few studies with het-
erogeneous HPT populations have investigated the quality of
life {QOL) in patients with HPT (3, 6, 11, 13-16). All studies
found a reduced QOL in HPT patients using generic QOL
instruments (17). However, it cannot be ruled out that some
of the QOL impairments may be due to the underlying dis-

ease itself and not to HPT since, for example, thyroid cancer

patients without HPT also report a reduced QOL even long
after surgery (18, 19). Nevertheless, it is possible that the find-
ings of reduced QOL in thyroid cancer survivors might be
due to impairments related to HPT (20). Therefore, the aim
of this study was to assess the QOL differences between HPT
and non-HPT patients after a minimum of 9 months after
the thyroid cancer diagnosis using a disease-specific cancer
instrument and to assess whether differences in typical HPT
symptoms, like pain in the joints, tingling or numbness in fin-

gers or toes, exist between the 2 groups.

Materials and Methods
Design
This analysis results from an international cross-sectional
study aimed to pilot-test a thyroid cancer—specific QOL
instrument (21). Patients were interviewed between
January 2015 and January 2016. In this study, the HPT
status of the patients was documented by answering the
question regarding parathyroid insufficiency on the case
report form (CRF) with the original data being extracted
from the patients’ medical record, which made it possible
for these data to be used for our present research question.
Patients were enrolled consecutively from 14 centers when
the following inclusion criteria were fulfilled: (i) histologically
verified thyroid cancer, (i) treatment for thyroid cancer, (iii)
ability to understand and complete the questionnaire, (iv) age

18 years or older, and (v) written informed consent.
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Patients were included in this analysis if clear informa-
tion on parathyroid status was available. Thyroid cancer
patients for this analysis were defined as having HPT if they
were more than 9 months postdiagnosis and they had a
current parathyroid insufficiency at the time of interview.
Parathyroid insufficiency was recorded in the CRF as “yes,”
“no,” or “unknown.” The group defined as having no HPT
consisted of thyroid cancer patients more than 9 months
postdiagnosis with no current parathyroid insufficiency.
Patients with unknown HPT status or fewer than 9 months
postdiagnosis were excluded from this analysis because it
would not be clear whether their HPT was transient or per-
manent. The period of 9 months was chosen to ensure that
patients were at least 6 months postsurgical treatment for
thyroid cancer and that HPT can be considered permanent.
According to Dionigi et al (22), the time between diagnosis
of thyroid cancer and the surgical treatment of the disease
ranges from 7 to 30 days. The guidelines for the manage-
ment of thyroid cancer by the British Thyroid Association
state that the time from the general practitioner referral
to surgery for thyroid cancer should not exceed 62 days
(23). Therefore, we assume that all patients in our study re-
ceived their treatment for thyroid cancer within 3 months
postdiagnosis and have had HPT for at least 6 months
using the 9-month time frame for inclusion.

Assessments

All patients completed a cancer-specific QOL questionnaire,
the European Organisation for Research and Treatment of
Cancer (EORTC) Quality of Life Core Questionnaire (QLQ-
C30) (24). The EORTC QLQ-C30 is a tool specifically de-
veloped for assessing the QOL of cancer patients and used
in various studies. It consists of 30 items summarized into
5 functioning scales (physical functioning [PF], role func-
toning [RF], emotional functioning [EF], cognitive func-
tioning [CF], social funcdoning [SF], 1 global quality of life
[QL] scale) and 9 symptom scales (fatigue [FA], nausea and
vomiting [NV], pain [PA], dyspnea [DY], insomnia [SL], ap-
petite loss [AL], constipation [CO], diarrhea [DI], and finan-
cial difficulties [FI]) (24). The items of the EORTC QLQ-C30

” n

(4-point-Likert scale questions: “not at all,” “a bit,” “quite
a bit,” and “very much”™) were summarized into scales and
transformed to scores ranging from 0 to 100, with higher
values indicating lower impairments in functioning scales
and a greater degree of impairments in symptom scales (25).

Questions on HPT symptoms were added, using the
same 4-point Likert-scale as response categories (“not at
all,” “a bit,” “quite a bit,” and “very much™). The questions
related to attacks of tiredness, restlessness or agitation,
pain in the joints, tingling or numbness in fingers or toes,

tingling or numbness around the mouth, muscle cramps,

and rapid heartbeat. The questions regarding HPT symp-
toms were selected from the module under development
according to findings from the literature (3, 6, 11, 13-16).
Informaton on clinical characteristics (eg, tumor stage,
histology, type of surgery, and parathyroid insufficiency) was
obtained from the CRF, which was extracted from the patients’
medical charts. All participants gave written informed consent,
and all procedures were performed in accordance with the
ethical standards of the Declaraton of Helsinki and the local
ethics committees. Frhical approval for the principal invesd-
gator was granted December18, 2014 (No. 837.470.14.9709).

Statistical analysis

QOL scores for the QLQ-C30 were calculated according to the
official scoring manual of the EORTC (25). The HPT symp-
toms were treated as single items and not combined into a scale.

Descriptive statistics of the study population are given
as mean values or percentages depending on the type of
data. Post hoc power calculation showed that there was
a power above 80% to detect a large effect size given the
used samples and an a level of .05.

Univariate comparisons between the characteristics of
the HPT and the non-HPT patients were performed using
t tests or Mann-Whitney U tests for continuous data de-
pending on the distribution of the data and chi-square tests
for categorical variables.

Differences in QOL (as measured with the QLQ-C30)
between the HPT and the non-HPT patients were deter-
mined using the Mann-Whitney U tests because of the dis-
tribution of the data.

Multiple ordinal regression analysis was performed to
evaluate factors that might affect QOL scales. The nausea
and vomiting scale was excluded from regression analysis
because of too few reported problems. Ordinal regression
was performed using the MASS-package in R. Symptoms
of HPT were analyzed descriptively using percentages; the
chi-square test was applied for the comparison of symp-
toms between HPT patients and non-HPT patients.

Results
Study characteristics

Of the 182 participants in the study, 91 (50%) fulfilled the
inclusion criteria for the analysis. Seventeen (19% ) of the in-
cluded participants had parathyroid insufficiency, 72 (79 %)
had no parathyroid insufficiency, and in 2 {2%) the HPT
status was unknown. There were no significant differences
in age (54.5 years vs 52.4 years, P = .5}, sex (26% male vs
18% male, P = .6), and other sociodemographic or clinical
characteristics between the HPT and the non-HPT group
(Table 1).
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Table 1. Characteristics of the study population

Characteristic All HPT Non-HPT P (HPT vs
(n=89) m=17) (n=72) non-HPT)
Age, SD 545 (16.1) 52.4 (16.7) 55.0(1a1) .51
Sex S8
Male 25.8% (23) 17.6% (3) 37.7% (20)
Female 74.2% (66) $2.4% (14) 62.3% (52)
Time since 5.9(8.3) 7.1(6.6) 5.7(87) .33
diagnosis,
SD, vy
Range 0.77-53.4 0.77-19.4  0.82-53.4
Education A1
Compulsory or  32.6% (29) 52.9% (9) 27.8% (20)
less
Postcompulsory 36.0% (32)  23.5% (4) 38.9% (28)
University 28.1% (25) 17.6% (3) 30.6% (22)
degree
Unknown 34%(3)  5.9% (1) 2.8% (2)
Histology EN
Follicular 13.5% (12)  5.9% (1)  15.3% (11)
Papillary 67.4% (60) 82.4% (14) 63.9% (46)
Medullary 14.6% (13)  11.8% (2) 15.3% (11)
Other 4.5% (4) 0 5.6% (4)
T 27
T1 22.5% (20) 17.6% (3) 23.6% (17)
k») 15.7% (14)  5.9% (1)  18.1% (13)
3 28.1% (25) 294% (5) 27.8% (20)
T4a 13.5% (12)  11.8% (2) 13.9% (10)
T4b 2.2%(2) 0 2.8% (2)
Tx 15.7% (14)  35.3% (&) 11.1% (8)
Unknown 2.2% (2) 0 2.8% (2)
N 35
NO 37.1% (33)  17.6% (3) 41.7% (30)
Nla 14.6% (13)  17.6% (3) 13.9% (10)
Nib 22.5% (20) 29.4% (5) 20.8% {15)
Nx 23.6% (21)  35.3% (6) 20.8% (15)
Unknown 2.2% (2) 0 2.8% (2)
M A2
MO 67.4% (60) 47.1% (8) 72.2% (52)
M1 23.6% (21) 412% (7) 194% (14)
Mx 9.0% (8)  11.8% (2) 8.3% (6)
UICC, 8th ed A4
1 47.2% (42) 294% (5) 51.4% (37)
1 18.0% (16) 23.5% (4) 16.7% (12)
1 5.6%(5)  5.9% (1) 5.6% (4)
v 16.9% (15) 294% (5) 13.9% (10)
Unknown 12.4% (11) 11.8% (2)  12.5% (9)
Karnofsky .09
Performance
Status
<70 34%(3)  11.8% (2) 1.4% (1)
=270 95.5% (85) 88.2% (15) 97.2% (70)
Unknown 1.1% (1) 0 L4% (1)
Type of surgery .89
Hemithy- 5.6% (5) 5.9% (1) 5.6% (4)
roidectomy

Table 1. Continued

Characteristic All HPT Non-HPT P (HPT vs
(n=89) (n=17) (n=72) non-HPT)

Partial thyroidec- 1.1% (1) 0 1.4% (1)
tomy
Totalthyroi-  93.3% (83) 94.1% (16) 93.1% (67)
dectomy
Neck dissection .18
No 39.3% (35) 23.5%(4)  43.1% (31)
Yes $7.3% (51) 76.5% (13) 52.8% (38)
Unknown 3.4% (3) 0 4.2% (3)
Vocal cord .87
impairment
due to
surgery
No 77.5% (69) 76.5% (13)  77.8% (56)
Yes 21.3% (19)  23.5%(4)  20.8% (15)
Unknown 1.1% (1) 0 1.4% (1)

Univariate comparisons between the characteristics of the HPT and the non-
HPT patients were performed using ¢ tests or Mann-Whitney U tests for con-
tinuous data depending on the distribution of the data and chi-square tests for
categorical variables,

Abbreviations: HPT, hypoparathyroidism; UICC, Union for International
Cancer Control TNM Classification.

At the time of the interview, no participants were under-
going radioactive iodine, whereas 4 (24%) participants in
the HPT group and 6 (8%) participants in the non-HPT
group received their last radioactive iodine treatment within
the previous 6 months. Two participants (3%) in the non-
HPT group were currently receiving chemotherapy; no par-
ticipants in the HPT group were undergoing chemotherapy.
For participants undergoing treatment with tyrosine kinase
inhibitors (TKls), 3 (18%) were in the HPT group, and 6
(8%) were in the non-HPT group.

Quality of life in patients with and without
hypoparathyroidism after thyroid cancer

The results for QOL and the comparisons between partici-
pants with HPT and without HPT are presented in Table 2.
Participants with HPT scored significantly worse in 5 out
of 6 functioning scales of the QLQ-C30 compared to pa-
tients without HPT. Global health (51.0 vs 68.5, P = .03),
physical functioning (66.7 vs 82.7, P =.007), role func-
tioning (66.7 vs 82.7, P =.002), emotional functioning
(56.9 vs 80.0, P=.004), and social functioning (69.6 vs
86.0, P = .004) were significantly lower, whereas cognitive
functioning (71.6 vs 83.1, P =.06) was not significantly
decreased. Furthermore, HPT patients scored significantly
worse on the symptom scales for fatigue (45.8 vs 28.7,
P =.04), pain (41.2 vs 17.6, P =.005), dyspnea (31.4 vs
15.3, P = .03), and insomnia (41.2 vs 23.1, P = .009).
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Table 2. Quality of life in patients with thyroid cancer and hypoparathyroidism vs nonhypoparathyroidism

EORTC QLQ-C30 functioning scales All (n=89) HPT (n=17) Non-HPT (n=72) P (HPT vs non-HPT)
Global health (QL) 65.0(23.3) 51.0 (29.4) 68.5 (20.4) 03
Physical functioning (PF) 79.6 (20.5) 66.7 (24.3) 82.7 (18.4) 007
Role functioning {RF) 79.6 (26.7) 66.7 {30.6) $2.7 (24.9) 02
Emotional functioning (EF) 75.4(23.2) 56.9 (30.1) 80.0 (18.8) 004
Coganitive functioning (CF) 80.8 (23.5) 71.6 (27.5) 83.1 (22.1) .06
Social functioning (SF) 82.8(23.5) 69.6 (33.5) 86.0 (19.4) 04
EORTC QLQ-C30 symptom scales

Fatigue (FA) 32.0(28.9) 45.8 (33.1) 28.7 (27.1) .04
Nausea and vomitng (NV) 4 (16.1) 4.9 (9.8) 6.8 (17.3) 86
Pain (PA) 22.1(29.6) 41.2 (36.4) 17.6 (26.1) 005
Dyspnea (DY) 18.4 (24.6) 31.4(32.2) 15.3 (21.8) .03
Insomnia (ST.) 26.6 (31.5) 41.2(27.7) 23.1 (31.5) 009
Appetite loss (AL) 12.9 (25.0) 19.6 (29.0) 11.3 (23.9) 14
Constipation (CO) 19.2 (27.7) 23.5(34.9) 18.1 (25.8) 8
Diarrhea (D1) 13.4 (24.7) 17.7 (31.4) 12,9'(22.9) .78
Financial difficulties (FI) 17.2 (30.4) 27.5 (39.5) 14.8 (27.6) 2

Mean represents SD. Mann-Whitney U test was used for comparison in quality of life scores between HPT and non-HPT patients.
Abbreviations: EORTC, European Organisation for Research and Treatment of Cancer; HPT, hypoparathyroidism; QLQ-C, Quality of Life Core Questionnaire.

Factors associated with quality of life

Results from the multiple ordinal regression analysis are
presented in Table 3. Participants with HPT (compared to
no HPT) were statistically significantly less likely to report
higher scores (better QOL) for global health {odds ratio
[OR], 0.29; 95% CI, 0.10-0.80), physical functioning (OR,
0.22; 95% (I, 0.08-0.58), role functioning (OR, 0.27; 95 %
CI, 0.10-0.75); emotional functioning (OR, 0.20; 95% CI,
0.07-0.60), and social functioning (OR, 0.30; 95% CI,
0.10-0.87). For symptom scales, HPT patients were more
likely to have higher scores (more symptom-related prob-
lems) in fatigue (OR, 2.81; 95% CI, 1.06-7.62), pain (OR,
4.47; 95% CI, 1.62-12.67); dyspnea (OR, 3.16; 95% CI,
1.05;9.83), and insomnia (OR, 4.49; 95% CI, 1.59-12.90).
Significant associations were also seen for female sex and
age in certain domains. No significant associations were
seen for Union for International Cancer Control TNM
Classification (ULCC) stage. Two additional ordinal regres-
sion models were performed including TKI treatment (no
treatment vs. current treatment) and type of surgery (hemi/
partial thyroidectomy vs total thyroidectomy) to adjust
for these potential confounders. Both regression analysis
showed no pronounced differences in results to the original

model (26).

Hypoparathyroidism symptoms

HPT patients reported a significantly higher percentage
of tingling or numbness in fingers or toes (65% vs 32%,
P =.03) and for restlessness or agitation (77% vs 46%,
P =.05) compared to the non-HPT group. High percentages

were reported by both groups regarding pain in the joints
(82% vs 54%, P = .06), attacks of tiredness (77% vs 51%,
P =.11), and muscle cramps (59% vs 38%, P=.18). An
overview about the reported symptoms can be found in
Table 4.

Discussion

Our analysis showed that patients with permanent HPT
have significant impairments in QOL. HPT patients re-
ported significantly worse scores in global health, physical
functioning, role functioning, emotional functioning, social
functioning, fatigue, pain, dyspnea, and insomnia.

The study shows that 12% of participants suffered
from permanent HPT. These findings are in line with other
studies of thyroid cancer patients. A survey among mem-
bers of self-help organizations for thyroid cancer in 2010
showed that low calcium levels were still reported for 14%
of participants 1 year after diagnosis (27). A recent survey
among members of a European thyroid cancer self-help
organization reported that 19.8% of participants still had
low serum calcium levels more than 1 year postdiagnosis
(LebenOhneSchilddriise e.V., data not published).

No significant differences were observed between age,
sex, time since diagnosis, education, histology, and TNM
among HPT and non-HPT patients. Furthermore, there
were small but not significant differences between treat-
ments for the 2 groups. Both groups had slightly different
proportions of patients undergoing chemotherapy and
treatment with TKIs. These treatments have shown to be
associated with side effects (28-30) that might negatively
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Table 3. Multiple ordinal regression analysis to evaluate quality of life scores with independent variables

EORTC QLQ-C30—functioning scales

Emotional

functioning

Cognitive
functioning

Social functioning

Independent Global Health Physical functioning Role functioning

variables

(reference)

Age,y 0.99 (0.96-1.02)  0.96" (0.92-0.99)  0.96%(0.93-0.99)

Female sex 0.54 (0.23-1.23)  0.40° (0.17-0.95) 0.337(0.11-0.85)
(male)

HPT (no HPT)
UICC (stage

0.29%(0.10-0.80)

0.227(0.08-0.58)

0.277(0.10-0.75)

2.03 (0.64-6.78)
2.72(0.63-13.30)

1.01 (0.98-1.04)
0.277(0.11-0.66)

0.207(0.07-0.60)

0.82 (0.26-2.67)
0.84 (0.19-3.74)

EORTC QLQ-C30—symptom scales

0.99 (0.96-1.03)
0.77 {0.30-1.92)

0.38 (0.14-1.04)

0.86 {0.27-2.75)
0.46 (0.12-1.79)

1.00 (0.97-1.04)
0.83 (0.31-2.11)

0.30% (0.10-0.87)

2.47 (0.67-10.09)
1.45 (0.30-8.35)

Insomnia

Appetite loss

Constipation

0.99 (0.95-1.03)
1.06 (0.39-2.97)

1+11)
I+ 1V 1.03 (0.34-3.14)  1.86 (0.59-5.90)
Unknown 0.92(0.24-3.51)  1.98 (0.45-8.69)
Fatigue Pain Dyspnea
Age,y 1.03(0.99-1.06]  1.01 (0.97-1.04)
Female sex 2.85°(1.22-6.84)  1.75 (0.69-4.71)
(male)

HPT {no HIT)
UICC (stage

2.817(1.06-7.62)

447" (1.62-12.67)

3.167(1.05-9.83)

1.29 (0.34-4.94)
9.65 (1.97-53.44)

1.04" (1.01-1.08)
3.327(1.21-10.23)

4.49(1.59-12.90)

0.30 (0.08-1.05)
1.09 (0.21-5.58)

0.99 (0.94-1.03)
1.92 (0.60-7.51)

1.64 (0.49-5.07)

3.67 {0.84-18.18)
1.40 {0.16-9.82)

1.02 (0.99-1.06)

3.08°
(1.06-10.51)

1.47 (0.43-4.75)

0.38 (0.09-1.49)
0.42 (0.07-2.10)

1+10)
I+ 1v 0.84 (0.28-2.49) 0.71 (0.20-2.47)
Unknown 1.00(0.24-4.06) 1.28 (0.28-5.59)
Diarrhea Financial difficulties
Age,y 0.99 (0.95-1.03)  0.98 (0.94-1.02)
Female sex 0.43(0.16-1.22)  0.84 (0.30-2.50)
(male)

HPT {(no HPT)
UICC (stage

1.22(0.34-3.96) 2.01 (0.62-6.22)

1+11)
Y 1.52 (0.36-6.50)  1.04 (0.234.52)
Unknown 1.04 (0.13-6.35)  1.34 {0.16-8.36)

Functioning scales: odds rato for scoring higher on respective scale compared to reference group (CI).

Symptom scales: odds ratio for scoring higher on respective scale compared to reference group (CI).
Abbreviations: EORTC, European Organisation for Rescarch and Treatment of Cancer; HPT, hypoparathyroidism; QLQ-C, Quality of Life Core Questionnaire;

UICC, Union for International Cancer Control TNM Classification.
“Staristically significant.

influence QOL. However, because a larger number of par-
ticipants in the non-HPT group were undergoing treatment
compared to those in the HTP group, it is unlikely that
differences in QOL between the 2 groups are due to treat-
ment side effects. As seen in the regression analysis, UICC
stage had no influence on QOL scores and having HPT was
associated with worse scores for various functioning and
symptom scales of the QLQ-C30. The reduced QOL may
be explained by hypocalcemic symptoms (17, 31), but since
few differences in HPT symptoms occurred it is possible
that the impairments captured in QOL scores are due to the
HPT deficiency itself. Studies have reported that PTH recep-
tors are expressed in a variety of cells, including different

organs, the central nervous system, and muscle cells (32-36).

One can assume that participants in the HTP group had
been taking medication for a considerable time for HPT;
therefore, impairments may be explained by the potential
short or long-term complications associated with the highly
dosed calcium and vitamin D treatment (2, 7, 37).

To date, the majority of the studies assessing QOL in
HPT patients have shown a reduced QOL using generic
questionnaires in comparison to a healthy population or to
matched controls (3, 6, 11, 13-16). The impact of thyroid
cancer has seldom been assessed in these studies. One of the
largest QOL studies carried out among HPT patients pre-
sented 283 HPT patients with a reduced QOL compared
to a healthy population. Although 70% of participants had
postsurgical HPT, no reasons for surgery were available (6).
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Table 4. Typical hypoparathyroid symptoms. Percentage of
patients reporting any problem/symptom

Symptom HPT (n=17) NoHPT P (HPT
(n=72) v§ non-
HPT)
Attacks of tiredness 13 (76.5%)  37(51.4%) 11
Restlessness or agitation 131{76.5%) 33(45.8%) 05
Pain in the joints 14 (82.4%) 39(54.2%) .06
Tingling or numbness in 11 (64.7%) 231(31.9%) 03
fingers or toes
Tingling or numbness 3{17.6%) 8(11.1%) 74
around mouth
Muscle cramps 10 (58.8%) 27(37.5%) 18
Rapid heartbeat 10 (58.8%) 2B (38.9%) .10

Chi-square test was applied for the comparison of symptoms between HPT
patients and non-HPT patients.
Abbreviation: hypoparathyroidism.

A study by Sikjaer et al (14) that showed decreased QOL in
HPT patients compared to a healthy population stated that
surgery for thyroid cancer was performed for 12 out of the
62 (19%) patients, but the potential impact of the thyroid
cancer itself was not discussed.

HPT is seldom assessed in studies evaluating the QOL
in thyroid cancer patients. The findings of our study show
that patients with HPT after thyroid cancer report a worse
QOL than patients without HPT after thyroid cancer.
A study by Goldfarb and Casillas (20) reported that young
adults with HPT after thyroid cancer reported significantly
worse scores in the neuromuscular scale and sympathetic
scales of the THYCA-QOL, whereas HPT effects on thy-
roid cancer patients’ QOL were not observed in other
studies with smaller numbers of HPT patients (38, 39).

The results for typical HPT symptoms are in line with the
literature. Two symptoms were statistically significant be-
tween HPT and non-HPT patients, but large nonsignificant
differences in symptoms between the 2 groups were ob-
served that might foster further investigation with increased
power. Some of the most pronounced symptoms in our
study were also found in the PARADOX study, including
fatigue, muscle pain, or tetany, in 374 participating HPT
patients (31). Nevertheless, a high number of patients in the
non-HPT group also reported symptoms considered typical
for those with HPT. However, it is possible that symptoms
can be directly related to thyroid cancer because they are
not exclusively linked to HPT, like fatigue, which is often
seen in cancer survivors (21, 40).

A limitation of our study is that we do not have infor-
mation regarding the date of surgery for thyroid cancer
and therefore are not able to determine the exact duration
of HPT. Nevertheless, as supported by the literature, all pa-
tients with thyroid cancer should receive treatment within

3 months after diagnosis of thyroid cancer. Therefore,
we can be confident that HPT participants can be con-
sidered permanent cases, having lived with HPT for at
least 6 months. HPT status was extracted from the med-
ical charts and therefore we cannot exclude that different
definitions for “parathyroid insufficiency” were applied
between the different recruiting centers. However, since
all centers are experienced in treating thyroid diseases, the
risk of patients being falsely characterized is extremely
low. Because this is a secondary analysis of a study that
was conducted for another research question (pilot testing
of a questionnaire), data for blood tests and medication
were unavailable, and the questionnaires in use were
preset. Since patients were interviewed in 2015 and 2016
and recombinant PTH was approved by the European
Medicines Agency in 2017, we are confident that all pa-
tients were treated with calcium and vitamin D analogues
at the time of the interview. With no data regarding medi-
cation and current calcium levels, we cannot exclude that
patients were on stable calcium levels. Nevertheless, the se-
verity of symptoms cannot be directly translated to serum
caleium levels (4) and the HPT deficit itself might cause
impairments (32-36).

In addition, there was no assessment of comorbidities
in the patient population, but the results of the effect of
comorbidities on QOL s C()ntrmlict[)ry (18, 19, 40).
Nevertheless, in some of the patients the HPT symptoms
might be related to other diseases. Furthermore, most pa-
tients showed good performance status as assessed by the
Karnofsky Performance Status, indicating no major impair-
ments. Considering the rarity of the disease, a strength of
the analysis is the relatively large group of patients with
permanent HPT after treatment for thyroid cancer and
the well-defined and acceptably sized control group of
patients with thyroid cancer, making the impact of HPT
alone identifiable. Additionally, a well-validated and widely
used disease-specific tool for the measurement of QOL
in cancer patients was used. At the time of the study, no
well-validated single tool for HPT was available. Third,
treatment status for the patients was available, making it
possible to minimize potential impairments of QOL due to
current treatment in our analysis.

To our knowledge, this is one of the first studies com-
paring the QOL of patients with HPT after thyroid cancer
treatment with patients withour HPT after thyroid cancer
treatment. Patients with HPT reported significantly worse
QOL in 5 outof 6 functioning scales and 4 out of 0 symptom
scales of the EORTC QLQ-C30, indicating impairments in
QOL. Both groups showed a high prevalence of typical HPT
symptoms even more than 9 months after the diagnosis of
thyroid cancer. The assessment of HPT in studies measuring
the QOL in thyroid cancer patients should be considered
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because our analysis has shown that HPT might severely
influence the QOL of thyroid cancer survivors.
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8.3 Biittner et al. (2022) - What are predictors of impaired quality of life in patients with
hypoparathyroidism?

Zusammenfassung

Einleitung: Hypoparathyreoidismus (hypoPT) ist eine seltene endokrine Erkrankung, bei der
bisher wenig Uber mogliche Faktoren bekannt ist, die die Lebensqualitdt der Patienten

beeinflussen.

Methoden: Patienten mit einer mindestens sechs Monate bestehenden hypoPT Diagnose
wurde Uiber Selbsthilfe-Organisationen oder ihre behandelnden Arzte zur Teilnahme an einer
Online-Umfrage eingeladen. Dort machten sich auch Angaben zu ihrer Lebensqualitat. Sofern
die Funktionsskalen des EORTC QLQ-C30 einen bestimmten Grenzwert Uberschritten,
wurden klinisch relevante Einschrankungen in der entsprechenden Skala fir den Patienten
dokumentiert. Symptome wurden mittels des HPQ-28 gemessen. Multivariate logistische
Regressionen zur Bestimmung von Bereichen die mit Lebensqualitatseinschrankungen

assoziiert sind, wurden durchgefihrt.

Ergebnisse: Auswertenbare Daten von 264 hypoPT Patienten waren verflugbar fir die
Analyse. Klinisch relevante Einschrankungen der Lebensqualitdt wurden bei 40.4%
(Rollenfunktion), 40.6% (soziale Funktion), 60.8% (physische Funktion), 65.5% (kognitive
Funktion) und 76.0% (emotionale Funktion) der Patienten festgestellt. Hohere Odds fur klinisch
relevante Einschrankungen wurde fir hdhere Symptombelastung und Arbeitsunfahigkeit (fir
physische Funktion, Rollenfunktion und soziale Funktion) festgestellt. Wenn eine
Schilddrisenkrebs-Operation die Ursache fir den hypoPT war, war dies mit niedrigeren Odds

fur klinisch relevante Einschrankungen in der Skala physische Funktion assoziiert.

Fazit: HypoPT ist eine Erkrankung die sich negativ auf die Lebensqualitat auswirken kann.
Um die Lebensqualitit von hypoPT Patienten zu steigern ist ein optimales
Symptommanagement notwendig, aber auch soziodkonomische Faktoren sollten in der

Nachsorge berticksichtigt werden.
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Abstract

Context: Hypoparathyroidism (hypoPT) is a rare endocrine disorder. Little is known
about what factors are associated with potential quality of life (QOL) impairments.
Design: HypoPT patients at a minimum of 6 months' post diagnosis were invited to
participate in an online survey through their treating physician or through self-help
organisations

Methods: Impairments of clinical importance in QOL were considered present if the
score of the respective functioning scale of the European Organization for Research
and Treatment of Cancer (EORTC) QLQ-C30 exceeded a pre-defined threshold.
Symptom burden was assessed using the HPQ-28. Multivariate logistic regression
was used to identify factors associated with impairments in QOL.

Results: Data were available for 264 hypoPT patients. Impairments of clinical im-
portance in QOL were reported for 40.4% in role functioning (RF), 40.6% in social
functioning (SF), 60.8% in physical functioning (PF), 65.5% in cognitive functioning
(CF) and 76.0% in emotional functioning (EF). Higher odds for reporting impaired
QOL were seen for higher symptom burden (for almost all domains) and for being
unable to work (for PF, RF and SF). Surgery for thyroid cancer being the cause of
hypoPT was associated with lower odds in PF for patients and in PF and CF for
patients with surgery for other thyroid-related diseases being the hypoPT cause.
Conclusions: HypoPT needs to be recognised as a disease which might be associated
with impaired QOL and affect daily living. Symptom management is crucial for im-
proving QOL in hypoPT patients but socioeconomic factors like work-ability need to

be considered when treating hypoPT patients.
KEYWORDS

EORTC QLQ-C30, hypoparathyroidism, impairments, parathyroid, quality of life, survey,
well-being
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1 | INTRODUCTION

Chronic Hypoparathyroidism is an endocrine disorder defined hy-
pocalcaemia with inappropriately normal or low parathyroid hor-
mone'? for more than 6 months but different definitions and times
frames are also used in the literature.® The prevalence varies in
countries with 9.4 per 100,000 in Nnn.rw_wr,4 24 per 100,000 in
Denmark®® and 37 per 100,000 in the United States.” The current
treatment options consist of calcium and vitamin D supplementation
as the conventional treatment, and synthetic PTH analogue (PTH
1-34) and human recombinant parathormone (PTH 1-84) as new
treatment options for patients whose hypocalcemia cannot be trea-
ted with the standard treatment." Patients receiving standard treat-
ment have been shown to report impairments in quality of life (QOL)
compared to matched controls or norm populations.®? Studies using
PTH 1-34 or PTH 1-84 have been shown to improve QOLY™ 12 and
to maintain calcium levels in the normal target range.” Therapies and
blood level parameters might play a role in influencing QOL in hy-
poPT patients, but the role of blood levels results in particular is
conflicting in the literature.**'! The severity of symptoms and
therefore their influence on QOL cannot be directly translated to
serum calcium levels,! since calcium levels may vary throughout the
day and therefore single measures might not explain effects on
QOL. Factors like symptoms, disease duration, aetiology of hypoPT,
or sociodemographic factors may play an impartant role in the QOL
of hypoPT patients.

Therefore, the aim of this study was to assess the share of
hypoPT patients who report impairments in QOL of clinical im-
portance and to identify factors which might be associated with
impaired QOL.

2 | MATERIALS AND METHODS
21 | Design

Supported by the German Society of Endocrinology, Hormones, and
Metabolism and the German Society of Nuclear Medicine, physicians
were informed about the study and invited to provide information to
their patients. Additionally, 294 physicians were contacted by mail
and were asked for their support of the study with 22 (7.5%) actively
consenting to support the study. The contact information of the
physicians was obtained using the Kassenarztliche Budesvereinigung
database. They then informed their patients about the study. Ad-
ditionally, study information was distributed through the patient or-
ganisation Netzwerk Hypopara. Patients completed on online survey
between 10/2020 and 10/2021. Next to the online questionnaire, a
paper-based wversion of the questionnaire was available and was
provided upon request.

Patients were eligible if they had been treated for hypopar-
athyroidism diagnosed by their physician. As per local regulations, no
ethics committee approval was needed (confirmed by the Ethics-
Committee of the Landesarztekammer Rhineland-Palatinate).

2.2 | Assessments

All data were provided by the patient through the online survey. QOL
was assessed using the functioning scales [physical functioning {PF),
role functioning (RF), emotional functioning (EF), cognitive function-
ing (CF), social functioning (SF)] and the global QOL scale of the
European Organization for Research and Treatment of Cancer
(EORTC) Quality of Life Core Questionnaire (QLQ-C30)."* Response
formats are on a four-point-Likert scale (‘not at all, ‘a little’, ‘quite a
bit' and ‘a lot). The items are summarised and transformed into
scores ranging from O to 100, with high values indicating lower im-
pairments in the functioning and the QL scales.’® Symptom Burden
was assessed using the Hypoparathyroid Patient Questionnaire HPQ-
28.%% |n the HPQ-28, 20 symptom items using a four point-Likert
Scale (0O='not at all', 1="'slightly’, 2="'moderately’, 3 ='severely/
strongly’) measure symptom burden and eight items for the assess-
ment of depression and anxiety and vitality. The items cover symp-
toms related to pain and cramps, gastrointestinal symptoms, neuro-
vegetative symptoms, numbness or tingling, memory problems, heart
palpitations, depression and anxiefy using a 4-week time frame. For
categorising symptom burden, the mean value of all items (scores
ranging from O to 3 per guestion) was calculated. Participants were
categorised into low symptom burden [mean score O to <0.5), medium
symptom burden {mean score 0.5 to <1.5), and high symptom burden
(mean score =1.5). Education was defined by the highest educational
certificate obtained resulting into the following categories: below
10years of education, 10 years of education, and above 10 years of
education. Occupational status was assessed by the current em-
ployment situation. Four categories emerged from the question:
Employed/self-employed, retirement annuity (regular retirement), unable
to work, and others. The unable to work category comprises patients
who are early retired (before the age of 65), receive disability pen-
sion, reduced eaming capacity pension, or are on long-term sick leave
(more than émonths). In the other category participants were in-
cluded if the total numbers were too small to form a group (eg.,
students, housewives). Time since diagnosis was assessed using the
following categories: 0.5-1, 1-2, 2-5, 5-10 years, and more than
10 years.

2.3 | Statistical analysis

Scores for the functioning scales of the EORTC QLQ-C30 were cal-
culated according to the scoring manual of the EORTC.® A value
below the thresholds (PF: 83 points, RF: 58 points, SF: 58 points, EF:

1.7 was considered to

71 points, and CF: 75 points) by Giesinger et a
be an impairment of clinical importance in the respective scale.
Univariate comparisons of QOL scores {(non-surgical vs. surgical)
were performed using Mann-Whitney-U tests.

Multivariate logistic regression with having impairments of clin-
ical importance (no/yes) as the outcome and sociodemographic,
clinical, and symptom burden as independent variables was per-
formed for the five functioning scales of the EORTC QLQ-C30. All
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TABLE 1 Patient characteristics (n = 264) using mean (SD) or

n (%)
Characteristic
Age (mean [SD])
Sex (n [%])
Male
Female
Missing
Education (n {%])
Below 10 years
10 years
More than 10 years
Missing
Living situation {n [%])
Alone
With someone
Oceupation (n {%])
Employed/self-employed
Regular retirement
Unable to work
Other
Member of self-help organization (n [%])
No
Yes
Time since diagnosis (n [%])
6 months-1 year
1-2years
2-5years
5-10 years
More than 10 years
Missing
Cause of HPT (n [%])
Nonsurgical
Surgical
Surgery for thyroid cancer
Surgery for other thyroid related diseases
Symptom burden (n [%])
None to low
Medium
High
Medication (n [%])

Calcium

545 (13.3)

36 (13.6%)
225 (85.2)
3(1.1)

36 (13.6)
102 (38.6)
125 (47.3)

1(0.4)

61 (23.1)
203 (76.9)

145 (54.9)
57 (21.6)
45 (17.0)
17 (6.4)

167 (63.3)
97 (36.7)

6(23)
22 (8.3)
47 (17.8)
43 (16.3)

145 (54.9)

1(0.4)

21(8.0)
243 (92.0)
100 (41.2)
143 (58.8)

59 (22.3)
75 (28.4)

130 (49.2)

153 (58.0)

TABLE 1 (Continued)

Characteristic

Calcitriol 152 (57.6)
Alphacalcidol 23(8.7)
Colecalciferol 66 (25.0)
PTH 28 (10.6)
Magnesium 49 (18.6)
Dihydrotachysterol 31(11.7)
Missing 13 (4.9)

statistical analyses were performed using R (R version 4.04, R

Foundation for statistical computing).

3 | RESULTS
3.1 | Sample and patient characteristics

In total, 264 patients with hypoparathyroidism participated in the
study. Four (2.3%) participants were excluded since their diagnosis
was less than 6 months past and therefore it could not be ruled out
that their hypoPT was only transient. The mean age of the study
population was 54.5 (SD:13.3) years with 85.2% (225) being female
and 92.0% (243) naming surgery the cause for their hypoPT. All
patient characteristics can be found in Table 1.

3.2 | Quality of life

QOL scores for the total sample and for patients with non-surgical
and surgical causes of hypoPT are presented in Table 2. No differ-
ences were seen when comparing the QOL scores of patients with a
non-surgical and surgical cause using univariate analysis.

For role functioning and social functioning 40.4% and 40.6% of
the patients reported impairments of clinical importance. For the three
other functioning scales, the percentage of patients with impairments
of clinical importance was 76.0% regarding emotional functioning,
60.8% in physical functioning, and 65.5% in cognitive functioning.

3.3 | Factors associated with impairments in QOL
in patients with hypoparathyroidism

Symptom burden was associated with all functioning scales (Table 3).
Compared to patients with a medium symptom burden, patients with
low symptom burden had lower odds for impairments of clinical
importance {PF (OR: 0.1; 95% CI [0; 0.3]), EF (OR: 0.2; 95% CI [0.1;
0.4]), SF (OR: 0.04; 95% Cl [0.002; 0.2]), and CF (OR: 0.2; 5% Cl
[0.1; 0.6])} and patients with high burden reported higher odds
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TABLE 2

All (n=264)
Physical functioning (PF) Mean (SD) 740 (21.5)
Median (Q1:Q3) 80 (60; 93.3)
Role functioning (RF} Mean (SD) 63.6 (32.5)

Median (Q1:Q3) 66.7 (33.3; 100)

Social functioning (SF) Mean (SD) 61.7 (33.4)
Median (Q1:Q3) 66.7 (33.3; 100)

Emotional functioning (EF) Mean (SD) 46.9 (30.1)
Median (Q1:Q3) 50 (25; 66.7)

Cognitive functioning (CF) Mean (SD) 56.9 (31.6)

Median (Q1:Q3) 667 (33.3; 83.3)

Global Quality of Life {QL) Mean (SD) 444 (21.3)

Median (Q1;Q3) 50 (33.3; 58,3}

Note: Univariate comparison using Mann-Whitney-U tests.

{PF (OR: 4.3; 95% CI [2.1; 9.2]), RF (OR: 7.5; 95% Cl [3.6; 16.4]}, EF
(OR: 7.9; 95% Cl [3.0; 24.2]), SF (OR: 4.9; 95% Cl [2.4; 8.8]), and CF
(OR: 12.0; 95% Cl [5.3; 29.8])} for impairments of clinical importance.

Patients who were unable to work {compared to patients being
employed/self-employed) had higher chances of reporting impair-
ments of clinical importance in PF (OR: 6.3; 95% ClI [2.1; 21.7]), RF
(OR: 5.6; 95% Cl [2.2; 15.2], and SF (OR: 2.6; 95% CI [1.1; 6.6])
Surgery being the cause of hypoPT (compared to non-surgical pa-
tients) was associated with lower odds in PF (OR: 0.1; 95% CI [0; 0.5])
for patients with surgery for thyroid cancer and in PF (OR: 0.1; 95%
Cl [0; 0.4]) and CF (OR: 0.3; 95% Cl [0.1; 0.9]) for patients with
surgery for other thyroid-related diseases (e.g., goitre). Compared to
the lowest education group (below 10 years of education), education
of 10 years (OR: 0.2; 95% Cl [0.1; 0.6]) and above 10 years (OR: 0.3;
95% Cl [0.1; 0.9]) was associated with lower odds in PF. Age, living
with someone, and time since diagnosis were not associated with
impairments of clinical importance in the functioning scales.
PTH replacement therapy did not alter the results of the regression
analysis and did not show any significant associations (data not

shown).

4 | DISCUSSION

Our study shows that a moderate to high share of patients report
impairments of clinical importance across several QOL domains. Pa-
tients with a medium and high symptom burden had higher chances
of reporting impairments in QOL. Being unable to work was also
associated with higher odds of reporting impairments in PF, RF and
SF of the EORTC QLQ-C30.

Functioning in patients with hypoparathyroidism (HPT), stratified by cause of HPT (surgery vs. other causes)

p-value
non-surgical
versus surgical)

Non-surgical (n = 21) Surgical (n=243)

74.3(17.2) 740 (21.9) 75
73.3 (60; 80) 80 (60; 93.3)

65.9 (35.9) 634 (323) 62
6.7 (33.3; 100) 66.7 (33.3; 100)

69.0 (33.5) 611 (33.4) 28
83.3 (50; 100) 66.7 (33.3; 100)

54.5 (30.5) 462 (30.0) 22
58.3 (41.7; 75) 50 (22.2; 66.7)

63.5 (27.7) 56.3 (32.0) a8

6.7 (50; 83.3) 667 (33.3; 83.3)
44.0(218)

50 (33.3; 58.3)

444 (21.3) .84
50 (33.3; 58,3)

With 40.4% (for RF) and up to 76.0% (for EF), our study had a
moderate to high share of hypoPT patients with impairments of
clinical importance. These potential negative effects of hypoPT on
QOL are in line with findings from other studies assessing the QOL in
hypoPT patients. Compared to various cancer populations, an equal
or higher share of patients reported impairments of clinical im-
portance in our study.!®'? This is in line with findings from Astor
et al.* who reported, using the SF-36, that Norwegian hypoPT pa-
tients had significantly lower scores compared to patients with Ad-
dison's disease or congenital adrenal hyperplasia. Oerlemans et al.?®
found that for thyroid cancer survivors large differences regarding
self-reported cognitive functioning (using the EORTC QLQ-C30}
compared to a norm population exist. Since it is estimated that up to
17%2* of all patients with total thyroidectomy develop chronic hy-
poPT, the question arises if these impairments in cognitive func-
tioning might not also be applicable to hypoPT among thyroid cancer
survivors since cognitive functioning was the second highest domain
with reported impairments in our study and the so-called brain fog
being one of the typical hypoPT symptoms.® In general, the question
arises if impairments in QOL of thyroid cancer patients and survivors
might not be influenced be the occurrence of hypoPT in this popu-
lation.?2 On the other hand, one can also discuss whether the cause
of hypoPT (e.g., surgery for thyroid cancer) does have an effect on
QOL itself. The aetiology hypoPT as an impact on QOL is con-
troversially discussed in the literature. While some studies report
worse QOL for surgical hypoPT patients compared to non-surgical,*?
this could not be confirmed in our study. In our study, having thyroid
cancer as cause for surgery was even associated with lower odds
in PF {OR: 0.1; 95% CI [0; 0.5]) of reporting impairments of clinical

importance compared to non-surgical patients. One possible
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TABLE 3 Variables associated with clinically impaired functioning in patients with hypoparathyroidism

Physical Role

functioning (PF) functioning (RF)
Age (continuous) 1.0[1.0; 1.0] 1.0 [10; 1.1]
Sex
Male (ref.) 1 1
Female 1.5[05; 4.3] 1.0 [0.4; 3.1)
Education
Below 10 years (ref.) 1 1
10 years 0.2[0.1; 0.6] 0.5 [0.2; 1.4]
Mmore than 10vyears 0.3[0.1; 0.9 0.5 [0.2; 1.4
Living with someone
No (ref) 7 1
Yes 0.8[04; 1.8] 05 [0.2; 1.1]
Occupation
Employed/self-employed 1 1

(ref.)

Regular retirement 1.4 [04; 4.6] 0.6 [0.2; 1.8]
Unable to work 6.3[2.1; 21.7)" 5.6 [2.2; 152]"
Other 0.8[02; 34] 1.1 [0.3; 3.9]
Cause of HPT
Non-surgical (ref.) 1 1
Surgical—thyroid cancer 0.1[0;0.5]" 0.3[0.1; 1.1)
Surgical—other reason 0.1[0;04]" 0.5 [0.1; 1.6]
Time since diggnosis
6 months-2 years (ref.) Gt 1
2-5 years 1.8 [05; 6.1] 14 [0.5; 4.5]
More than 5years 0.9 [0.3; 2.6] 0.6 [0.2:1.7)
Symptom burden
None to low 0.1[0;0.3]* 0.3 [0.1; 1.0)
Medium (ref.) 1 1
High 43[21; 9.2 7.5 [3.6; 164]"

Note: OR [95% ClJ; (ref.), reference category. Multivariate logistic regression.
"p<.05.

explanation that surgical patients did not report lower QOL scores
might be that surgical patients are monitored more closely in after-
care and therefore physicians are able to address QOL issues in a
better way. Also, our non-surgical group is quite small (n = 21), which
might make it difficult to find differences. Additionally. our multi-
variate analysis showed that patients with medium or high symptom
burden had higher chances of reporting impairments in QOL across
all functioning domains of the EORTC QLQ-C30. These results are
not surprising and in line with findings from the literature.?*>2* Even

though all patients in our study were currently being treated, around

Emotional Social Cognitive
functioning (EF) functioning (SF) functioning (CF)
1.0 [0.9; 1.0] 1.0 [1.0; 1.0] 1.0 [0.9; 1.0]
1 1 1
10 [0.4; 2.6) 1.2 [0.4; 3.8] 0.8[03; 2.2)
1 1 1
0.8 [0.2; 2.6) 0.7 [0.3; 1.8) 1.3[0.5; 3.6)
0.9 [0.3;2.7] 0.8 [0.3; 2.1] 1.6 [0.6; 4.5]
1 1 1
07[0.3;1.7] 0.7 [0.4; 1.5] 1.0 [0.4; 2.1)
1 1 i1
0.5 [0.1; 1.7] 0.7 [0.2; 2.1] 1.1[0.3; 3.7)
0.9 [0.3; 2.9] 26 [L1; 6.6] 2.6[09;7.9]
03[0.1;1.7] 19 [0.5; 7.8) 0.6[0.1; 2.6)
1 1 1
24 [0.6; 9.5 0.7 [0.2; 2.6] 0.4[0.1; 17)
1.1 [0.3; 4.0] 0.8 [0.2; 3.1) 0.3[0.2; 0.9
1 i T
21[05;9.7] 14 [0.5; 4.3] 1.8[05; 7.2]
1.8 [0.5; 6.0 1.0 [0.4; 2.6] 1.3 [0.4; 4.0]
02 [0.1; 0.4) 0.04 [0; 0.2]* 0.2 [0.1; 0.6)
1 1 1
79 [3.0; 242" 4.9 [2.4; 8.8) 12.0[5.3; 29.8]"

75% of the patients in our study reported a medium or high symptom
burden assessed by the HPQ-28. This finding supports the re-
commendation of the guideline published by the European Society of
Endocrinology in 2015 which describes the general goals of man-
agement of hypoPT as being that '[...] treatment targeted to maintain
serum calcium level (albumin adjusted total calcium or ionised cal-
cium) in the lower part or slightly below the lower limit of the re-
ference range (target range) with patients being free of symptoms or
signs of hypocalcaemia.’ They also ‘recommend that treatment be

personalised and focused on the overall well-being and QOL of the
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patient when implementing different therapeutic efforts, aiming to
achieve the therapeutic goals'. Findings from our study did not show
any association between time since diagnosis and QOL. These find-
ings are in line with results from other studies indicating that im-
pairments in QOL do not disappear over time, potentially affecting
patients for the rest of their life.?*2¢ Being unable to work (compared
to employed/self-employed) was associated with higher odds of re-
porting impairments in PF (OR: 6.3; 95% CI [2.1; 21.7]), RF (OR: 5.6;
95% Cl[2.2; 15.2], and SF (OR: 2.6; $5% CI [1.1; 6.6]). In our study,
17.0% of the patients were not able to work anymore. A study by
Hadker et al.* reported that 14% of the patients reported ‘disabled’
as their employment status over the course of their diagnosed life-

time, while Siggelkow et al

reported the percentage of hypoPT
patients who are working decreased from 58% before diagnosis to
34% at the time of the survey. The negative effect of being unable to
work has been observed in other diseases such as breast cancer®” or
coronary heart disease.?® One possible explanation for this associa-
tion might be the loss of income due to loss of work. Studies in cancer
patients have shown that financial difficulties are associated with
impairments in QOL.***® For example in Germany, the average full
disability pension which applies if you are not able to work more than
3h a day, was €850 in 2019.%" Such income declines, espedially in
age groups who were not able to accumulate savings or who had
investments might cause financial problems and therefore impair-
ments in QOL.* Another possible explanation might be that being
able to work may be seen as a return to ‘normality’.?® Third, free text
analysis in our study has shown that patients felt that employers and
public authorities have no information regarding hypoPT or do not
acknowledge the severity of the disease. This has been expressed by
authorities and physicians not accepting hypoPT in certain cases as a
severe disability, resulting in disability pension and disability pass.
This empathy gap related to work might be an explanation for the
association of being unable to work and QOL. The aforesaid empathy
gap is not only restricted to employers and authorities. Free textes of
our survey and other studies>*®? report that hypoPT patients feel
that physicians do not understand hypoPT and its burden the way the
patients feel it. In Hadker et al.* almost 80% of the hypoPT patients
‘strongly agreed’ that most physicians do not understand hypoPT.
Cho et al.*? showed that surgeons consistently underestimated the
impact of postoperative hypoPTH. This empathy gap and missing
knowledge regarding the disease, independently where it occurs,
might negatively impact hypoPT patients QOL. 28 patients in the
study were treated with PTH replacement. PTH replacement did not
have any significant effect on QOL (data not shown) which is in
contrast to findings from the literature.'®*? We do not have any
information on how long patients in our study are already receiving
PTH replacement. So the duration of the PTH replacement therapy
might be too short to provide enough positive effects. Despite all
these identified factors, the lack of PTH itself might also have a
negative impact on hypoPT patients QOL. PTH receptors have been
found in several brain regions, the central nervous system, and in
muscle cells. The lack of PTH here may also be a reason for impair-
ments in QOL in hypoPT patients.?33*

Our study has several limitations. First, all data provided in this study
was obtained personally from the patient and we had no possibility to
wvalidate the data by comparing it to patient records. Since we used va-
lidated questionnaires and patients were informed by their treating
physician or via their self-help organisations, we are confident that all
patients included have been diagnosed with hypoPT and their QOL is
assessed in a coherent way. Second, this study has a cross-sectional
design, making it impossible to detect any longitudinal effects. Third, less
than 50% of the patients were able to provide laboratory parameters and
comorbidities were not assessed, making it impossible to include these in
the analysis. Studies have shown that QOL does not correlate directly
with laboratory results'*#1252% and the influence of comorbidities is
discussed controversially.*** Our study was a voluntarily online survey
which might lead to an inclusion of patients with more severe problems
since they are severely affected, but since patients were also recruited
through their treating physician we could ensure that the sample was
drawn from a representative population. Last. one limitation might be the
EORTC QLQ-C30 is a questionnaire developed for cancer patients, but
it is also used in various non-cancer populations®® and shows good
correlations in the functioning scales of generic QOL questionnaires in
non-cancer populations.®® Using the QLQ-C30 gives the opportunity to
perform comparisons with other thyroid cancer patients (e.g., without
hypoPT). Having no control group might be considered as a limitation but
not being relevant for identifying factors which influence QOL in hypoPT
patients. Additionally, QOL might also be influenced by the COVID 19
pandemic during which the study was performed but this was seldom
stated in any of the free text fields. Strengths of our study are the large
sample size and the heterogeneity of our study population. Patients were
not recruited via one centre or institution but throughout a variety of
treating physicians and institutions, therefore resulting in a sample which
may be more representative. With a broad set of sociodemographic and
clinical variables as well with a disease-specific questionnaire, the HPQ-
28,% for the assessment of symptoms we were able to identify factors
which might impact QOL.

5 | CONCLUSION

High shares of patients with hypoPT report problems of clinical im-
portance in QOL. The occurrence of hypoPT related symptoms is stronglhy
associated with QOL, indicating the need to optimise treatment to reduce
of symptoms and not solely rely on laboratory parameters. Additionally,
the recognition of hypoPT as a disease which might severely influence
daily living and especially the work environment as well as the adoption
of supportive opportunities for coping with the disease are of major
importance for reducing QOL impairments.
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9. Short summary of the results of the three publications

Paper 1 (172) and Paper 2 (171) show that post-surgical hypoPT is associated with worse QoL
in hypoPT patients. While Paper 3 (173) provides information showing that in patients with

hypoPT, a past diagnosis of TC is not associated with QoL or symptom burden.

9.1 Biittner et al. (2020) - Quality of life of patients more than 1 year after surgery for

thyroid cancer

Of the 134 patients which were eligible only 75 (56%) participated in the study. There were no
statistically significant differences between participants and non-participants regarding current
age, time since surgery, gender, histology, UICC stage, type of surgery, and transplanted or
removed parathyroid glands. A potential diagnosis of hypoPT defined as prolonged/ permanent
calcium and/or vitamin D intake after thyroid cancer was present in 36 (48%) of the patients.
In univariate analyses, patients with calcium and/or vitamin D intake had worse QoL in global
health (mean score 68.5 vs. 76.7; p = 0.041), physical functioning (mean score 89.3 vs. 95.7;
p = 0.015), role functioning (mean score 77.3 vs. 89.3; p = 0.032), and joint pain (mean score
29.6 vs. 11.1; p = 0.009) compared to patients without calcium and/or vitamin D intake. In
multivariate logistic regression, current calcium or vitamin D intake (vs. no intake) had a
significant effect on the odds of having a worse QoL compared with the general population in
role functioning (OR 4.63; 95% CI [1.28-19.77]) and emotional functioning (OR 3.87; 95% ClI
[1.11-15.42)).

9.2 Bittner et al. (2020) - Quality of life in patients with hypoparathyroidism after

treatment for thyroid cancer

In total 89 TC patients fulfilled the inclusion criteria for the analysis with 17 (19.1%) patients
being additionally diagnosed with post-surgical hypoPT. There were no statistically significant
differences between the hypoPT group and the no-hypoPT group regarding sociodemographic
or clinical characteristics. Compared to patients without hypoPT patients in the hypoPT group
scored worse in global health (51.0 vs. 68.5, p=0.03), physical functioning (66.7 vs. 82.7,
p=0.007), role functioning (66.7 vs. 82.7, p=0.002), emotional functioning (56.9 vs. 80.0,
p=0.004) and social functioning (69.6 vs. 86.0, p=0.004), while cognitive functioning (71.6 vs.
83.1, p=0.06) was not significantly decreased (univariate analysis). In multivariate ordinal
regression patients in the hypoPT group had lower odds of reporting higher scores (better
QOL) compared to patients without hypoPT in global health (OR: 0.29; 95%CI [0.10;0.80]),
physical functioning (OR: 0.22; 95%CI [0.08;0.58]), role functioning (OR: 0.27; 95%ClI
[0.10;0.75]); emotional functioning (OR: 0.20; 95%CI [0.07;0.60]), and social functioning (OR:
0.30;95%CI [0.10;0.87]). For symptom-scales, hypoPT patients were more likely to have
higher scores (more symptom-related problems) in fatigue (OR: 2.81; 95%CI [1.06;7.62], pain
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(OR: 4.47; 95%CI [1.62;12.67]; dyspnoea (OR: 3.16; 95%CI [1.05;9.83]), and insomnia (OR:
4.49; 95%CI [1.59;12.90]).

9.3 Biittner et al. (2022) - What are predictors of impaired quality of life in patients with
hypoparathyroidism?

In the online survey 264 patients with hypoPT participated of whom 100 (41.2%) had surgery
for TC as cause for their hypoPT. Compared to non-surgical hypoPT patients with a history of
TC had lower odds of reporting impairments in QoL of clinical importance physical functioning
(OR: 0.1; 95%CI [0;0.5]) while for all other scales of the EORTC QLQ-F17 no statistically
significant associations were observed. Main predictor for impairments of clinical importance

in QoL was symptom burden assessed by the HPQ-28.

10. Discussion of the three publications

The studies show that patients with hypoPT, as a surgical complication of TC treatment, report
worse QoL compared to TC patients without hypoPT. There are various reasons that might
explain these findings. Symptoms of hypocalcemia (e.g. tingling, cramps, brain fog) might have
a negative impact on QoL (112, 174). As seen in study 3, higher symptom burden is associated
with higher impairments in QoL in hypoPT patients (173).The occurrence of hypoPT symptoms
with respect to blood levels is controversially discussed in the literature (117, 175-178). One
other explanation might be the role of the missing PTH itself. Studies have shown that PTH
receptors exist in the central nervous system, muscle cells, and several brain regions (179-
183). Thirdly, hypoPT and its long-term treatment might cause additional comorbidities like
renal stones, calcifications, cardiovascular disease, or cataracts (83, 91), which then might
have an impact on QoL. As seen in study 3, the association of TC and QoL in hypoPT patients
could not be confirmed indicating an independent influence of hypoPT on QoL. The association
between TC and QoL has seldom been assessed in the literature (166, 168, 170) and if so

only by generic questionnaires that might miss specific symptoms (46, 47).

All three studies have several limitations. As all studies were of cross-sectional design, the
measurement of QoL can only be seen as a snapshot and the study design itself does not
allow to draw causal conclusions. Secondly, none of the three studies collected information on
co-morbidities, but the effects of co-morbidities on QoL are controversially discussed in the
literature (36, 184, 185). And thirdly, the studies did not include extensive blood level
parameters, so their effect on QoL could not be determined; however, as described above, the
effect of blood levels in hypoPT is discussed controversially (117, 175-178). Lacking
information on co-morbidities and extensive blood levels made it impossible to adjust for these

potential confounders but their potential influence is not clear throughout the literature.
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Strengths of the three studies are the use of a validated QoL questionnaire and the use of
norm population data. Study 3 represents the largest hypoPT sample in Germany and one of
the largest samples worldwide. Study 1 and study 2 belong to the largest studies in TC patients

where hypoPT was included in the analysis of QoL.

11. Discussion

As seen in in the published papers it seems that post-surgical hypoPT after TC negatively

affects QoL in TC patients. But several questions arise:

1. How is QoL generally addressed in clinical practice of TC and is the impact of post-surgical

hypoPT recognized and addressed for?

2. How are QoL and hypoPT addressed in guidelines?

3. How follow-up of TC patients is organized with special focus on QoL and hypoPT?

4. Are electronic patient reported outcomes (ePROs) suitable for the follow-up of TC patients?

11.1 Guidelines

Various national (186, 187) and international (144-146, 188-201) guidelines exist with only very
few who do not address the topic of QoL or hypoPT (189, 190, 196). Two guidelines state in
their preamble that the or one the aims of the guideline is to improve QoL of TC patients (188,
199). QoL is often mentioned regarding certain types of TC (188, 191, 192, 195, 197-200) or
treatments (146, 186, 191, 192, 195, 199). The assessment of QoL during follow-up is only
addressed in few guidelines (146, 191, 195, 197, 199, 201). Guidelines dealing only with
anaplastic cancer have a strong focus on QoL (146, 186, 188, 194). For example the American
Thyroid Association (ATA) states in their guideline for the management of anaplastic TC (188)
that “clinical management must be guided by patient preferences with respect to quality of life,
in which there is full disclosure of the diagnosis, realistic prognosis, and treatment options
available for either prolonging life”. In the ATA guideline for medullary TC the focus on QoL
becomes present when metastasis occur. But this is already connected to the potential side
effects of local and systemic treatments (200). The impact of systemic treatments on QoL is
addressed in various guidelines (146, 191, 199, 200). The recommendations here address that
physicians should take QoL when planning systemic treatment. Another aspect where QoL in
guidelines is discussed when it comes to tracheostomy in TC (146, 186, 192, 194). In order to
reduce the risk of hypothyroidism and the related impairments in QoL guidelines recommend
the use of rhTSH compared to thyroid withdrawal (194, 199). A third treatment related area
were QoL is addressed in guidelines is related to the question if microcarcinomas should be

treated with surgery or active surveillance (192, 195). Treatment related areas like surgery
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itself or radioiodine treatment a seldom addressed with respect to QoL even though it is known
that these treatments might influence QoL (36, 202). Before treatment is initiated some
guidelines (146, 191, 197, 199) but not all recommend that patients should be informed about
the potential negative effects that the treatment can have on QoL. When it comes to follow-up
or survivorship only few guidelines give recommendations regarding QoL (146, 191, 194, 197,
199). Perros et al. (199) address the topic by stating that survivors of TC still report impairments
in QoL and this needs to be taken care of during follow-up care. Fugazzola et al. (191) advocate
that at every follow-up a thoughtful clinical assessment should be performed which takes
aspects of quality of life into consideration. In the ATA guideline from 2015 (146) it is still stated
that more studies regarding QoL in survivors are needed. Eventhough, quite a few studies
have emerged there are still studies lacking which address certain aspects of QoL in survivors.
Additionally, in this guideline it is demanded that TC specific instruments for the measurement
of QoL need be developed and implemented. At least few TC specific questionnaires are now
available (see Section 1) but no guideline gives any recommendation a specific
instrument/tool. In general, it can be seen that recommendations addressing quality of life are
often only based on expert consensus with little or no level of evidence. This is especially true
for follow-up and survivorship. At the time of finalization of this thesis the new German S3-
Guideline for thyroid cancer was not publicly available and could therefore not be included in

this discussion.

Since the risk of hypoPT after surgery for TC (see Section 3) and the impairments in QoL due
to hypoPT (see Section 4) are not neglectable, the question arises how do guidelines for TC
address this topic. There are guidelines which don’t address the topic at all (188, 190, 192,
196) and one guideline by Perros et al. (199) which addresses it in a very extensive way with
its own chapters for hypoPT. The rest of the guidelines do address the topic restricted to certain
areas. Some guidelines recommend that patients and caregivers should be informed before
surgery about the risk of hypoPT and its consequences (146, 193, 195). When it comes to
surgery it is recommended to avoid prophylactic or elective neck dissection due to the risk of
hypoPT (144-146, 186, 198, 199). Two guidelines provide information how surgery should be
performed in order to minimize (e.g. autotransplantation of parathyroid glands) the risk of
hypoPT (146, 199). Recommendations regarding preservation of parathyroid function is crucial
since avoiding hypoPT is cheaper that treating hypoPT (203). In order to detect post-surgical
hypoPT some guidelines recommend that PTH and calcium should be measured on the first
post-surgical day and should be continued until discharge (193, 195, 199, 200). If hypoPT is
present three guidelines give information regarding the medication (195, 199, 200) while one
guideline (191) refers to the American (203) guideline for the management of hypoPT. For the
management of permanent hypoPT the guidelines (191, 193, 199) who address this topic are
with their recommendations in line with the guidelines for the management of hypoPT (176,
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203) namely that laboratory parameters should be checked at least every six months in order
to adjust medication. Additionally, these guidelines are in line with the recommendation that
on a regular basis efforts should be undertaken to wean of the calcium and/or vitamin D
medication (176, 203). Finally, two guidelines recommend that the management of post-
surgical hypoPT after TC should lie in the hands of a specialist and not the general practitioner
(199, 201). No guideline for the management of TC addresses the impairments in QoL that

come alongside with post-surgical hypoPT in a sufficient way.

The German S2k guideline for the surgical therapy of benign thyroid diseases (187) should be
highlighted even though it is not related to TC. In this guideline all important information
regarding post-surgical hypoPT are mentioned even with focus on QoL. It also does promote
an emergency card for patients with hypoPT in order to inform physicians about the disease.
Norwegian hypoPT patients did rate this emergency card very relevant for their disease
because it helps reducing the numbers of emergency department visits or hospitalizations due
to hypocalcemia (204). In Germany the emergency card is available at the Netzwerk Hypopara
(205).

When looking at guidelines or consensus statements for the management of hypoPT Qol of
the patients always plays an important role. Both the European (176) and American (203)
guideline state the good QoL should be main goal of the treatment for hypoPT and not reaching

normocalcemia. The topic of TC is not explicitly addressed in these guidelines.

11.2 Follow-up of thyroid cancer patients

As seen in Section 9.1 heterogeneity between the guidelines exist and few recommendations
regarding follow-up and postsurgical hypoPT are available. Therefore, the question arises how
follow-up of TC patients in Germany and on international levels is performed, and how quality

of life and post-surgical hypoPT is addressed in clinical practice.

11.2.1 Follow-up of thyroid cancer patients

Guidelines recommend that the follow-up of TC patients should be performed by a specialist
(199, 201). Results from a patient survey indicated that the majority (53.6%) of TC patients in
Germany is treated during follow-up by a nuclear medicine specialist, followed by an
endocrinologist or endocrine surgeon (19.9%), 7.1% by another specialist and 3.1% by an
oncologist. Almost every fifth patient (16.2%) is being treated by their general practitioner
(206). There was a statistically significant difference regarding the treating physician if patients
were diagnosed with chronic hypoPT after TC compared to the patients without. While the
nuclear specialist still treats the majority of patients (hypoPT: 52.5%, non-hypoPT: 57.2%), the
share of endocrinologists (hypoPT: 32.3%, non-hypoPT: 17.0%) and the general practitioners
(hypoPT: 13.3%, non-hypoPT: 19.2%) do differ. The same study also asked TC patients from
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France, and there the follow-up is differently organized. While the majority of patients are
treated by an endocrinologist or endocrine surgeon (63.3%), only a few patients are treated by
a nuclear medicine specialist (9.6%). With 16.3%, the share of general practitioners being
responsible for the treatment is as high as in Germany. The same pattern as in Germany can
be seen for the comparison of hypoPT and patients without hypoPT. The share of
endocrinologists being responsible for treatment is statistically significantly higher in the
hypoPT patients group (hypoPT: 74.3%, non-hypoPT: 51.9%) (206). In a patient survey from
2013 by Banach et al. (207) that included 2398 patients from mainly 5 countries (US (37.9%),
Germany (21.3%), the UK (11.5%), Canada (11.4%), France (9%), and 35 other countries),
follow-up care was mostly performed by endocrinologists (53.3%), nuclear medicine specialists
(14.9%), and oncologists (11,9%). Surgeons (4.6%) and other specialists (15.9%) played a
minor role. In a Canadian study by Bender et al. (208), 202 TC survivors reported that their
follow-up care was managed by a surgeon or oncologist (82.5%). In a study by Hudson et al.
(209), 52% of the participants shared the opinion that thyroid cancer survivors should see a
specialist for regular follow up because they had the feeling that their general practitioner was
ignoring the cancer-related problems. Regarding the number of follow-up visits per year, no
clear recommendations are available. In the study by Bender et al. (208), patients reported a
median of three follow-up visits per year. The overall satisfaction with the management of TC
among patients is good (210). Surgeons (69.1%), oncologists (64.3%), and endocrinologists

(64.0%) received the highest share of high satisfaction by the patients.

11.2.2 Follow-up and management of post-surgical hypoparathyroidism in thyroid cancer

patients

The follow-up and management of TC patients with post-surgical hypoPT starts on the day
after surgery by measuring PTH and calcium levels and assessing hypocalcemic symptoms
(187, 199, 211-214). Except for the study (172) included in this thesis, we do not have much
published information regarding the assessment of PTH and calcium levels after surgery for
TC in Germany. In our study, all patients who had surgery for TC at the University Medical
Centre Mainz between 2010 and 2015 had their blood parameters checked within 24 hours
after surgery. Of the 421 patients who had surgery, 134 (31.8%) had a parathyroid hormone
level below 20 ng/l and/or serum calcium level below 2.1 mmol/l within 24 h after surgery for
thyroid cancer and were then treated with calcium and/or vitamin D. Of the 75 patients for
whom full data was available, 36 (48%) were still taking calcium or vitamin D medication one
year after hospital discharge, but only 4 self-reported a diagnosis of hypoPT. We were not able
to determine whether medication was not tapered off in the remaining patients or whether they
were not aware of their hypoPT diagnosis. Leidig-Bruckner et al. (215) reported that 33 (20.1%)
of 164 MTC patients were discharged with hypoPT after surgery. Of these, 13 remained with

chronic hypoPT while hypoPT was only transient for the rest. The authors did not report on
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whether any attempts were undertaken to taper off the medication, but they state that the use
of calcitriol increased from 33% at hospital discharge to 72.7% at the end of the study. In a
subgroup analysis of the online survey used for Paper 3 (173), 32 (32%) of the 100 hypoPT
patients where TC was the cause of the disease reported that a least one attempt was
undertaken to taper off the supplementation (64% “never” and 4% “don’t know”). Another
German paper (216) investigating the situation of post-surgical hypoPT after TC was retracted
due to mistakes in data collection (217), resulting in very little information for Germany. A larger
study by Benmiloud et al. (98) found that of 898 patients with undetermined parathyroid status
after surgery for TC, 365 were still treated with calcium and/ or vitamin D one year
postoperatively. According to the fifth national audit of the British Association of Endocrine &
Thyroid Surgeons (BAETS) (218), 40% of patients who had thyroid surgery are on calcium
and/or vitamin D supplementation at hospital discharge. A small proportion (2.2%) of patients
with hypocalcemia did not receive any supplementation, while on the other hand 15.6% did
receive calcium and vitamin D supplementation without developing hypocalcemia. Of the
surgeons who reported not giving supplementation, 70% stated that they do so selectively on
an individual patient basis while the rest does this universally. This reflects the variation in
British surgeons in dealing with post-surgical hypoPT which has also been reported in another
British study. Htun el al. (219) assessed the management of post-surgical hypoPT in nine NHS
Trusts in North-West England and found that all hospitals performed at least one postoperative
check of calcium and PTH levels, but only seven of the nine perform a second check prior to
discharge. Four of the nine hospitals performed a check 48-72 hours after surgery in order to
exclude a delayed onset of hypoPT. The authors state that there is variation in the
management of post-surgical hypoPT in England due to a lack of regional and national
consensus on how to approach this topic. Regarding the follow-up of permanent hypoPT after
TC, to our knowledge no studies are available that solely focus on permanent hypoPT after
TC but on hypoPT populations with mixed causes. The available studies (174, 206, 220-222)
report that the majority of patients with permanent hypoPT have their blood parameters
checked at least every six months as recommended by the respective guidelines (176, 203).
Buttner et al. (222) reported that in their study of 264 hypoPT patients, 73.8% had their serum
calcium levels checked at least every six months. Lower percentages were reported for checks
at a 6-month interval for phosphate (46.9%), magnesium (36.3%), creatinine (53.6%), and
parathyroid hormone (49.6%). In a subgroup analysis of the sample, TC patients had lower 6-
month check frequencies compared to non-surgical cases or cases with surgery for benign
disease for calcium (TC: 67%, non-surgical: 90.5% and benign: 79%), phosphate (TC: 39%,
non-surgical: 42.9% and benign: 52.4%), and PTH (TC: 41%, non-surgical: 52.4% and benign:
54.5%). For magnesium (TC:33%, non-surgical: 33.3%, and benign: 38.5%) and creatinine
(TC: 52%, non-surgical: 47.6%, and benign: 54.5%), TC had approximately the same timing
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for checks. It is not known if patients in the TC group had one specialist for the follow up of TC
and hypoPT or if this was performed by different specialists. Rates of 75% or higher for 6-
month calcium checks in mixed hypoPT populations have also been reported by Hadker et al.
(174), Allemeyer et al. (220) and Hamdy et al. (221).

11.2.3 Assessment of quality of life in thyroid cancer patients in clinical practice

Literature where QoL assessments in TC patients have been implemented into clinical practice
is scarce. Gamper et al. (223) report on the implementation of a QoL monitoring program at
the nuclear medicine department of the Medical University Innsbruck. From 2005 to 2013, 439
TC patients filled out the EORTC QLQ-C30 at least once during a visit at the department. Two-
hundred eighty-four (64.7%) questionnaires before and after radioiodine treatment were
available measuring impairments in QoL that could then be discussed with the treating
physician. To our knowledge no other studies have been published that report on the
implementation or assessment of QoL of TC patients’ QoL in clinical practice. Cramon et al.
(45) at least provide an overview of what is needed if QoL in TC patients is be assessed in
clinical practice. That QoL assessment is also relevant in follow-up has been expressed by
patients. In the large patient survey by Blttner et al. (206), 41.4% of the German participants
(France: 35.6%) have changed their treating physician at least once. The most frequent
reasons for changing the treating physician were feeling inadequately treated (Germany:
28.5%; France: 35.0%), or the feeling that quality of life issues were not addressed (Germany:
21.1%; France: 35.8%). In this sample, postsurgical hypoPT had no impact on the reason for
changing the physician. No studies regarding the measurement of QoL in clinical practice in
hypoPT are available, even though from personal experience some clinics in Germany (e.g.

MVZ Géttingen) use the HPQ-28 in clinical practice for the assessment of hypoPT symptoms.

11.2.4 Unmet information needs of thyroid cancer patients with and without

hypoparathyroidism

The unmet information needs of TC patients are multifaceted. As seen in the previous section,
the biggest lack of information is in follow-up and aftercare. Husson et al. (224) showed that
86-91% of TC survivors feel that they receive no or little information regarding aftercare. That
lack of information in aftercare can be found in different areas. Receiving psychological support
is one of the dominant information needs of TC patients and survivors (206, 207, 210). Since
psychological well-being is an aspects QoL, this information need addresses QoL (65, 225-
228). In Germany, patients with rarer cancers (including TC) are the ones receiving the least
psycho-oncological support (207, 229, 230). Even though psycho-oncological support is part
of national cancer plans (231) and highlighted in guidelines and studies (188, 191, 195, 199,
232-234), there still seems to be a lack of these services. Other information needs stated by
TC patients are more information regarding the disease or information about self-help groups.
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Treatment side effects, which might include hypoPT, are also stated by high shares of patients
(206, 207). At the time of diagnosis, German TC patients stated that they did not receive any
information regarding psychological support (79.2%), self-help groups or organizations
(76.9%), and regarding the disease and the treatment (61.4%) (206). When TC patients
receive information, there is also a big discrepancy regarding the satisfaction with the provided
information. While patients are often satisfied with the information regarding diagnosis and
primary treatment, less satisfaction is observed for information regarding long-term effects,
recurrence, and aftercare (224, 235). In a study by Diez et al. (210), high levels of
dissatisfaction with the information received were seen for psychological support (69.4%),
treatment of other complications (55.7%), and treatment of hypoparathyroidism (45.4%).
Patients with hypoPT after TC report additional information needs. In a study by Blttner et al.
(222), 40.6% of the patients stated that their treatment for hypoPT was not adequately
explained to them, and 25% reported that they did not receive any information regarding
hypocalcemia. These findings are in line with findings from a mixed hypoPT population from
Norway (204). Patients with hypoPT after TC report additional information needs regarding
long term effects of treatment, new therapies, and the disease itself (222). Overall it can be
observed that improvements in providing information for TC patients with and without hypoPT

is necessary.

11.3 Electronic patient-reported outcomes for the assessment of quality of life in thyroid

cancer patients

As seen in Section 9.2.3, QoL assessments in TC patients in clinical practice are not common.
The assessment of PROs brings various advantages for patients and clinicians, such as better
patients-physician communication (236-238), higher patient satisfaction (236, 239-241), closer
monitoring of symptoms (238, 242-245), better shared decision making (239, 244, 246),
increased QoL itself (238, 245, 247-249), and improved survival (243, 245, 247, 250, 251). On
the other hand, various barriers such as being unfamiliar with the concept of QoL (237), time
constraints (252-254), interpretability of the QoL scores/ results (252, 253), and costs (255,
256) exist. When using electronic patient reported outcomes (ePROS), some of the barriers
can be reduced to a minimum or even become completely irrelevant. With ePROS, the time to
analyse the questionnaire used is reduced to seconds and the results are available to the
physician also within a short time frame, making them applicable even in clinical practice where
time may be short (223, 257-259). The interpretability of QoL scores is enhanced when using
ePROS (260). Various options (e.g. graphs charts, numbers) can be applied to best fit the
person interpreting or communicating the results (261, 262). Using cut-offs for clinically
important differences enables physicians to quickly identify areas of QoL or symptoms that
should be addressed (263). One of the most often used arguments against PROs/ ePROs in

clinical practice is the cost for the implementation and use of such an assessment (255, 256).
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Nevertheless, Lizée et al. (264) have shown that ePROs are cost-effective in lung cancer
patients. Patients in the intervention arm filled out a 12-item symptom questionnaire every
week while the control arm received standard of care. At every follow-up visit the results of the
questionnaires were available for the treating physician and whenever a severe decline in QoL
was detected, an alarm was triggered for the treating physician. Even though the
implementation of the ePRO system was quite costly, it was still very cost-effective. Annual
follow up costs in the intervention arm (€941) were statistically significantly lower compare to
the control arm (€1304). Nixon et al. (265) also confirmed the cost-effectiveness of a web-
based QoL instrument in the management of patients with advanced or metastatic cancer in
Alberta, Canada. The problem with results like these are the different payers’ perspectives.
While the hospital or the treating institution has to bear the costs of implementing and
maintaining the ePRO system, the monetary benefits of such an implementation are located
on the payers’ side (e.g. insurance, state, patient). Therefore, reimbursement schemes need
to be developed that make the implementation of such systems meaningful for all stakeholders
involved (266). Another concern regarding ePROS is that they might exclude certain patient
groups (e.g. older patients, patients with low technical knowledge) but various recent studies
have shown that this risk is not as high as a decade ago (267, 268). Additionally, the question
exists whether ePROs provide the same results as the classical pen and paper versions of
questionnaires. Recent studies have shown that there are no differences in results regarding
the form of administration and that ePROs indeed have a high acceptance in cancer patients
(260, 269-271). With all the advantages of the assessment of QoL in clinical practice using
ePROs, the question arises as to why it is rarely implemented in TC patients (45, 223) while in
other cancer populations more successful implementations have been reported (245, 247, 258,
259, 272, 273). There are various possible explanations for this finding. First, thyroid cancer is
still considered by some physicians as “a good cancer”, therefore neglecting the severity of the
disease and the impairments in QoL. In a study by Papaleontiou et al. (274), of the 448 (42%
endocrinologists, 30% general surgeons and 28% otolaryngologists) participating physicians,
49% told their patients that thyroid cancer is “a good cancer”. In James et al. (275) this number
was even higher, with 54% of the physicians telling their TC patients that it is a “good cancer”
or the “kind of cancer to get if you have to get cancer”, with no statistically significant differences
with regard to profession (surgeons vs. medical physicians). Another possible reason for the
low implementation rates of ePROs in clinical practice of TC patients might be attributable to
the rarity of the disease (1). In more common cancer types, the health and financial impact
might be rated higher, driving a focus on these cancer types. Thirdly the lack of TC-specific
tools might have had a negative impact on the implementation in the past. With the new
EORTC QLQ-THY34 (54) and the ThyCAQOL (55), two tools are now available that can be

combined with cancer-specific tools in order to best assess TC patients’ QoL, making it usable
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in clinical practice. In a study by O’Neil et al. (276), only around 40% of the participants stated
that generic questionnaires (38% for the SF-12 and 42% for the EORTC QLQ-C30) fully
captured their disease experience. These numbers rose to 54% (ThyCaQol) and 52% (COH-
TV) respectively when a TC-specific tool was used. Nevertheless, these numbers are still quite
low and might also be attributable to the fact that these tools are not able to cover the broad
spectrum of symptoms (167, 173) which, for example, are experienced by hypoPT patients.
One last argument of the low implementation rates might be the high demands regarding data
protection in order to establish ePROs and the inability to exchange data between professions

and institutions (277-279). This barrier is not only related to TC but to all cancer types.

12. Conclusion

As seen in the papers used for this thesis accompanied by findings from the literature, it is very
likely that patients with post-surgical hypoPT after TC report higher impairments in QoL
compared to TC patients without hypoPT. In order to address these impairments,
psychological support and adequate information regarding treatment risks (including hypoPT),
potential impairments in QoL, and opportunities for support (e.g. psycho-oncologist, self-help
groups) should be made available to the patient. The assessment of QoL in clinical practice
using ePROs might also help to reduce the burden caused by TC and/or hypoPT. If hypoPT is
confirmed, the use of an emergency card can be considered by the patient. This card holds all
relevant patient and disease information so that in event of severe hypo- or hypercalcemia, the
treating physicians can quickly make adequate decisions. Patients have shown a high
satisfaction with this card, and it also has been shown that the card has the potential to reduce
hospitalizations of hypoPT patients. Considering the burden and impairments of TC patients
with or without hypoPT, health care providers should keep in mind that it is not appropriate to
call TC “a good cancer” or “the kind of cancer to get if you have to get cancer” as it has

happened sometimes in the past.

57



References

1. IARC. Cancer today 2023 [Available from: https://gco.iarc.fr/today/online-analysis-

table?v=2020&mode=cancer&mode population=continents&population=900&populations=9

00&key=asr&sex=2&cancer=39&type=0&statistic=5&prevalence=0&population _group=0&ag

es _agroup%5B%5D=0&ages group%5B%5D=17&group cancer=1&include _nmsc=0&include
nmsc_other=1.

2. RKI. Cancer in Germany 2017/20182022.

3. Cabanillas ME, McFadden DG, Durante C. Thyroid cancer. Lancet.

2016;388(10061):2783-95.

4. Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, Rosso S, Coebergh JW, Comber H,

et al. Cancer incidence and mortality patterns in Europe: estimates for 40 countries in 2012.

Eur J Cancer. 2013;49(6):1374-403.

5. Parker WA, Edafe O, Balasubramanian SP. Long-term treatment-related morbidity in

differentiated thyroid cancer: a systematic review of the literature. Pragmat Obs Res.

2017;8:57-67.

6. Amphlett B, Lawson Z, Abdulrahman GO, Jr., White C, Bailey R, Premawardhana LD,

et al. Recent trends in the incidence, geographical distribution, and survival from thyroid cancer

in Wales, 1985-2010. Thyroid. 2013;23(11):1470-8.

7. Carlberg M, Hedendahl L, Ahonen M, Koppel T, Hardell L. Increasing incidence of

thyroid cancer in the Nordic countries with main focus on Swedish data. BMC Cancer.

2016;16:426.

8. Husson O, Haak HR, van Steenbergen LN, Nieuwlaat WA, van Dijk BA,

Nieuwenhuijzen GA, et al. Rising incidence, no change in survival and decreasing mortality

from thyroid cancer in The Netherlands since 1989. Endocr Relat Cancer. 2013;20(2):263-71.

9. Morris LG, Tuttle RM, Davies L. Changing Trends in the Incidence of Thyroid Cancer

in the United States. JAMA Otolaryngol Head Neck Surg. 2016;142(7):709-11.

10. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017. CA Cancer J Clin. 2017;67(1):7-

30.

11. Davies L, Welch HG. Increasing incidence of thyroid cancer in the United States, 1973-

2002. JAMA. 2006;295(18):2164-7.

12. Enewold L, Zhu K, Ron E, Marrogi AJ, Stojadinovic A, Peoples GE, et al. Rising thyroid

cancer incidence in the United States by demographic and tumor characteristics, 1980-2005.

Cancer Epidemiol Biomarkers Prev. 2009;18(3):784-91.

13. Franceschi S, Vaccarella S. Thyroid cancer: an epidemic of disease or an epidemic of

diagnosis? Int J Cancer. 2015;136(11):2738-9.

14. Kent WD, Hall SF, Isotalo PA, Houlden RL, George RL, Groome PA. Increased

incidence of differentiated thyroid carcinoma and detection of subclinical disease. CMAJ.

2007;177(11):1357-61.

15. Li M, Zheng R, Dal Maso L, Zhang S, Wei W, Vaccarella S. Mapping overdiagnosis of

thyroid cancer in China. Lancet Diabetes Endocrinol. 2021;9(6):330-2.

16. Vaccarella S, Dal Maso L, Laversanne M, Bray F, Plummer M, Franceschi S. The

Impact of Diagnostic Changes on the Rise in Thyroid Cancer Incidence: A Population-Based

Study in Selected High-Resource Countries. Thyroid. 2015;25(10):1127-36.

17. How J, Tabah R. Explaining the increasing incidence of differentiated thyroid cancer.

CMAJ. 2007;177(11):1383-4.

18. Kitahara CM, Sosa JA, Shiels MS. Influence of Nomenclature Changes on Trends in

Papillary Thyroid Cancer Incidence in the United States, 2000 to 2017. J Clin Endocrinol

Metab. 2020;105(12):e4823-30.

19. Zhang Y, Zhu Y, Risch HA. Changing incidence of thyroid cancer. JAMA.

2006;296(11):1350; author reply

58



20. Burns WR, Zeiger MA. Differentiated thyroid cancer. Semin Oncol. 2010;37(6):557-66.
21. Brenner H. Long-term survival rates of cancer patients achieved by the end of the 20th
century: a period analysis. Lancet. 2002;360(9340):1131-5.

22. Brenner H, Hakulinen T. Very-long-term survival rates of patients with cancer. J Clin
Oncol. 2002;20(21):4405-9.

23. Ramundo V, Sponziello M, Falcone R, Verrienti A, Filetti S, Durante C, et al. Low-risk
papillary thyroid microcarcinoma: Optimal management toward a more conservative approach.
J Surg Oncol. 2020;121(6):958-63.

24. Jeon MJ, Kim WG, Kim TY, Shong YK, Kim WB. Active Surveillance as an Effective
Management Option for Low-Risk Papillary Thyroid Microcarcinoma. Endocrinol Metab
(Seoul). 2021;36(4):717-24.

25. Kim HJ, Cho SJ, Baek JH. Comparison of Thermal Ablation and Surgery for Low-Risk
Papillary Thyroid Microcarcinoma: A Systematic Review and Meta-Analysis. Korean J Radiol.
2021;22(10):1730-41.

26. Rovira A, Nixon IJ, Simo R. Papillary microcarcinoma of the thyroid gland: current
controversies and management. Curr Opin Otolaryngol Head Neck Surg. 2019;27(2):110-6.
27. Walgama E, Sacks WL, Ho AS. Papillary thyroid microcarcinoma: optimal management
versus overtreatment. Curr Opin Oncol. 2020;32(1):1-6.

28. Dunn JM, Farndon JR. Medullary thyroid carcinoma. Br J Surg. 1993;80(1):6-9.

29. Hoff AO, Hoff PM. Medullary thyroid carcinoma. Hematol Oncol Clin North Am.
2007;21(3):475-88; viii.

30. Brown RL, de Souza JA, Cohen EE. Thyroid cancer: burden of iliness and management
of disease. J Cancer. 2011;2:193-9.

31. Pacini F, Castagna MG, Cipri C, Schlumberger M. Medullary thyroid carcinoma. Clin
Oncol (R Coll Radiol). 2010;22(6):475-85.

32. Kim M, Kim BH. Current Guidelines for Management of Medullary Thyroid Carcinoma.
Endocrinol Metab (Seoul). 2021;36(3):514-24.

33. Baloch ZW, Asa SL, Barletta JA, Ghossein RA, Juhlin CC, Jung CK, et al. Overview of
the 2022 WHO Classification of Thyroid Neoplasms. Endocr Pathol. 2022;33(1):27-63.

34. Pereira M, Williams VL, Hallanger Johnson J, Valderrabano P. Thyroid Cancer
Incidence Trends in the United States: Association with Changes in Professional Guideline
Recommendations. Thyroid. 2020;30(8):1132-40.

35. Hvilsom GB, Londero SC, Hahn CH, Schytte S, Pedersen HB, Christiansen P, et al.
Anaplastic thyroid carcinoma in Denmark 1996-2012: A national prospective study of 219
patients. Cancer Epidemiol. 2018;53:65-71.

36. Husson O, Haak HR, Oranje WA, Mols F, Reemst PH, van de Poll-Franse LV. Health-
related quality of life among thyroid cancer survivors: a systematic review. Clin Endocrinol
(Oxf). 2011;75(4):544-54.

37. Walshaw EG, Smith M, Kim D, Wadsley J, Kanatas A, Rogers SN. Systematic review
of health-related quality of life following thyroid cancer. Tumori. 2022;108(4):291-314.

38. Watt T, Christoffersen T, Brogaard MB, Bjorner JB, Bentzen J, Hahn CH, et al. Quality
of life in thyroid cancer. Best Pract Res Clin Endocrinol Metab. 2023;37(1):101732.

39. Drummond MF. Methods for the economic evaluation of health care programmes. 3rd
ed. Oxford: Oxford University Press; 2005. xv, 379 p. p.

40. Ware JE, Jr., Sherbourne CD. The MOS 36-item short-form health survey (SF-36). .
Conceptual framework and item selection. Med Care. 1992;30(6):473-83.

41. Gandek B, Ware JE, Aaronson NK, Apolone G, Bjorner JB, Brazier JE, et al. Cross-
validation of item selection and scoring for the SF-12 Health Survey in nine countries: results
from the IQOLA Project. International Quality of Life Assessment. J Clin Epidemiol.
1998;51(11):1171-8.

42.  Turner-Bowker DM, Bayliss MS, Ware JE, Jr., Kosinski M. Usefulness of the SF-8
Health Survey for comparing the impact of migraine and other conditions. Qual Life Res.
2003;12(8):1003-12.

43. Sintonen H. The 15D instrument of health-related quality of life: properties and
applications. Ann Med. 2001;33(5):328-36.

59



44. Hunt SM, McEwen J, McKenna SP. Measuring health status: a new tool for clinicians
and epidemiologists. J R Coll Gen Pract. 1985;35(273):185-8.

45. Cramon PK, Bjorner JB, Groenvold M, Boesen VB, Bonnema SJ, Hegedus L, et al.
Implementation of thyroid-related patient-reported outcomes in routine clinical practice. Front
Endocrinol (Lausanne). 2022;13:1000682.

46. Pickard AS, Ray S, Ganguli A, Cella D. Comparison of FACT- and EQ-5D-based utility
scores in cancer. Value Health. 2012;15(2):305-11.

47. van Dongen-Leunis A, Redekop WK, Uyl-de Groot CA. Which Questionnaire Should
Be Used to Measure Quality-of-Life Utilities in Patients with Acute Leukemia? An Evaluation
of the Validity and Interpretability of the EQ-5D-5L and Preference-Based Questionnaires
Derived from the EORTC QLQ-C30. Value Health. 2016;19(6):834-43.

48. Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, Duez NJ, et al. The
European Organization for Research and Treatment of Cancer QLQ-C30: a quality-of-life
instrument for use in international clinical trials in oncology. J Natl Cancer Inst. 1993;85(5):365-
76.

49, Fayers PM AN, Bjordal K, Groenvold M, Curran D, Bottomley A, on behalf of the
EORTC Quality of Life Group The EORTC QLQ-C30 Scoring Manual (3rd Edition): European
Organisation for Research and Treatment of Cancer. Brussels; 2001.

50. Cella DF, Tulsky DS, Gray G, Sarafian B, Linn E, Bonomi A, et al. The Functional
Assessment of Cancer Therapy scale: development and validation of the general measure. J
Clin Oncol. 1993;11(3):570-9.

51. Aschebrook-Kilfoy B, Ferguson BA, Angelos P, Kaplan EL, Grogan RH, Gibbons RD.
Development of the ThyCAT: A clinically useful computerized adaptive test to assess quality
of life in thyroid cancer survivors. Surgery. 2018;163(1):137-42.

52. Ferrell BR, Dow KH, Grant M. Measurement of the quality of life in cancer survivors.
Qual Life Res. 1995;4(6):523-31.

53. Gning |, Trask PC, Mendoza TR, Harle MT, Gutierrez KA, Kitaka SA, et al.
Development and initial validation of the thyroid cancer module of the M. D. Anderson
Symptom Inventory. Oncology. 2009;76(1):59-68.

54, Singer S, Al-lbraheem A, Pinto M, lakovou I, Osthus AA, Hammerlid E, et al.
International Phase IV Field Study for the Reliability and Validity of the European Organisation
for Research and Treatment of Cancer Thyroid Cancer Module EORTC QLQ-THY34. Thyroid.
2023;33(9):1078-89.

55. Husson O, Haak HR, Mols F, Nieuwenhuijzen GA, Nieuwlaat WA, Reemst PH, et al.
Development of a disease-specific health-related quality of life questionnaire (THYCA-QolL) for
thyroid cancer survivors. Acta Oncol. 2013;52(2):447-54.

56.  Singer S, Jordan S, Locati LD, Pinto M, Tomaszewska IM, Araujo C, et al. The EORTC
module for quality of life in patients with thyroid cancer: phase lll. Endocr Relat Cancer.
2017;24(4):197-207.

57. Singer S, Husson O, Tomaszewska IM, Locati LD, Kiyota N, Scheidemann-Wesp U, et
al. Quality-of-Life Priorities in Patients with Thyroid Cancer: A Multinational European
Organisation for Research and Treatment of Cancer Phase | Study. Thyroid.
2016;26(11):1605-13.

58. Roth EM, Lubitz CC, Swan JS, James BC. Patient-Reported Quality-of-Life Outcome
Measures in the Thyroid Cancer Population. Thyroid. 2020;30(10):1414-31.

59. Dow KH, Ferrell BR, Anello C. Quality-of-life changes in patients with thyroid cancer
after withdrawal of thyroid hormone therapy. Thyroid. 1997;7(4):613-9.

60.  Weymuller EA, Jr., Alsarraf R, Yueh B, Deleyiannis FW, Coltrera MD. Analysis of the
performance characteristics of the University of Washington Quality of Life instrument and its
modification (UW-QOL-R). Arch Otolaryngol Head Neck Surg. 2001;127(5):489-93.

61. Cella D, Riley W, Stone A, Rothrock N, Reeve B, Yount S, et al. The Patient-Reported
Outcomes Measurement Information System (PROMIS) developed and tested its first wave of
adult self-reported health outcome item banks: 2005-2008. J Clin Epidemiol.
2010;63(11):1179-94.

60



62. Malterling RR, Andersson RE, Falkmer S, Falkmer U, Nilehn E, Jarhult J. Differentiated
thyroid cancer in a Swedish county--long-term results and quality of life. Acta Oncol.
2010;49(4):454-9.

63. Pelttari H, Sintonen H, Schalin-Jantti C, Valimaki MJ. Health-related quality of life in
long-term follow-up of patients with cured TNM Stage | or Il differentiated thyroid carcinoma.
Clin Endocrinol (Oxf). 2009;70(3):493-7.

64. Wang T, Jiang M, RenY, Liu Q, Zhao G, Cao C, et al. Health-Related Quality of Life of
Community Thyroid Cancer Survivors in Hangzhou, China. Thyroid. 2018;28(8):1013-23.

65. Hedman C, Djarv T, Strang P, Lundgren CI. Fear of Recurrence and View of Life Affect
Health-Related Quality of Life in Patients with Differentiated Thyroid Carcinoma: A Prospective
Swedish Population-Based Study. Thyroid. 2018.

66. Almeida JP, Vartanian JG, Kowalski LP. Clinical predictors of quality of life in patients
with initial differentiated thyroid cancers. Arch Otolaryngol Head Neck Surg. 2009;135(4):342-
6.

67. Dagan T, Bedrin L, Horowitz Z, Chaushu G, Wolf M, Kronenberg J, et al. Quality of life
of well-differentiated thyroid carcinoma patients. J Laryngol Otol. 2004;118(7):537-42.

68. Sywak M, Pasieka JL, McFadden S, Gelfand G, Terrell J, Dort J. Functional results and
quality of life after tracheal resection for locally invasive thyroid cancer. Am J Surg.
2003;185(5):462-7.

69. Pacini F, Ladenson PW, Schlumberger M, Driedger A, Luster M, Kloos RT, et al.
Radioiodine ablation of thyroid remnants after preparation with recombinant human thyrotropin
in differentiated thyroid carcinoma: results of an international, randomized, controlled study. J
Clin Endocrinol Metab. 2006;91(3):926-32.

70. Taieb D, Sebag F, Cherenko M, Baumstarck-Barrau K, Fortanier C, Farman-Ara B, et
al. Quality of life changes and clinical outcomes in thyroid cancer patients undergoing
radioiodine remnant ablation (RRA) with recombinant human TSH (rhTSH): a randomized
controlled study. Clin Endocrinol (Oxf). 2009;71(1):115-23.

71. Botella-Carretero JI, Galan JM, Caballero C, Sancho J, Escobar-Morreale HF. Quality
of life and psychometric functionality in patients with differentiated thyroid carcinoma. Endocr
Relat Cancer. 2003;10(4):601-10.

72. Eustatia-Rutten CF, Corssmit EP, Pereira AM, Frolich M, Bax JJ, Romijn JA, et al.
Quality of life in longterm exogenous subclinical hyperthyroidism and the effects of restoration
of euthyroidism, a randomized controlled trial. Clin Endocrinol (Oxf). 2006;64(3):284-91.

73. Schroeder PR, Haugen BR, Pacini F, Reiners C, Schlumberger M, Sherman SI, et al.
A comparison of short-term changes in health-related quality of life in thyroid carcinoma
patients undergoing diagnostic evaluation with recombinant human thyrotropin compared with
thyroid hormone withdrawal. J Clin Endocrinol Metab. 2006;91(3):878-84.

74. Tagay S, Herpertz S, Langkafel M, Erim Y, Freudenberg L, Schopper N, et al. Health-
related quality of life, anxiety and depression in thyroid cancer patients under short-term
hypothyroidism and TSH-suppressive levothyroxine treatment. Eur J Endocrinol.
2005;153(6):755-63.

75. Singer S, Lincke T, Gamper E, Bhaskaran K, Schreiber S, Hinz A, et al. Quality of life
in patients with thyroid cancer compared with the general population. Thyroid. 2012;22(2):117-
24,

76. Missaoui AM, Hamza F, Maaloul M, Charfi H, Ghrissi W, Abid M, et al. Health-related
quality of life in long-term differentiated thyroid cancer survivors: A cross-sectional Tunisian-
based study. Front Endocrinol (Lausanne). 2022;13:999331.

77. Mols F, Schoormans D, Smit JWA, Netea-Maier RT, Links TP, van der Graaf WTA, et
al. Age-related differences in health-related quality of life among thyroid cancer survivors
compared with a normative sample: Results from the PROFILES Registry. Head Neck.
2018;40(10):2235-45.

78. Nies M, Klein Hesselink MS, Huizinga GA, Sulkers E, Brouwers AH, Burgerhof JGM,
et al. Long-Term Quality of Life in Adult Survivors of Pediatric Differentiated Thyroid
Carcinoma. J Clin Endocrinol Metab. 2017;102(4):1218-26.

61



79. Schoormans D, Wijnberg L, Haak H, Husson O, Mols F. Negative illness perceptions
are related to poorer health-related quality of life among thyroid cancer survivors: Results from
the PROFILES registry. Head Neck. 2020;42(9):2533-41.

80. Applewhite MK, James BC, Kaplan SP, Angelos P, Kaplan EL, Grogan RH, et al.
Quality of Life in Thyroid Cancer is Similar to That of Other Cancers with Worse Survival. World
J Surg. 2016;40(3):551-61.

81. Mannstadt M, Bilezikian JP, Thakker RV, Hannan FM, Clarke BL, Rejnmark L, et al.
Hypoparathyroidism. Nat Rev Dis Primers. 2017;3:17080.

82. Shoback D. Clinical practice. Hypoparathyroidism. N Engl J Med. 2008;359(4):391-403.
83. Shoback DM, Bilezikian JP, Costa AG, Dempster D, Dralle H, Khan AA, et al.
Presentation of Hypoparathyroidism: Etiologies and Clinical Features. J Clin Endocrinol Metab.
2016;101(6):2300-12.

84. Edafe O, Balasubramanian SP. Incidence, prevalence and risk factors for post-surgical
hypocalcaemia and hypoparathyroidism. Gland Surg. 2017;6(Suppl 1):S59-S68.

85. Mehta N, Watts NB, Welge JA, Steward D. Comparison of serum calcium change
following thyroid and nonthyroid neck surgery. Otolaryngol Head Neck Surg. 2006;134(6):901-
6.

86. Astor MC, Lovas K, Debowska A, Eriksen EF, Evang JA, Fossum C, et al. Epidemiology
and Health-Related Quality of Life in Hypoparathyroidism in Norway. J Clin Endocrinol Metab.
2016;101(8):3045-53.

87.  Watson CG, Steed DL, Robinson AG, Deftos LJ. The role of calcitonin and parathyroid
hormone in the pathogenesis of post-thyroidectomy hypocalcemia. Metabolism.
1981;30(6):588-9.

88. Cianferotti L, Parri S, Gronchi G, Marcucci G, Cipriani C, Pepe J, et al. Prevalence of
Chronic Hypoparathyroidism in a Mediterranean Region as Estimated by the Analysis of
Anonymous Healthcare Database. Calcif Tissue Int. 2018;103(2):144-50.

89. Cipriani C, Pepe J, Biamonte F, Manai R, Biondi P, Nieddu L, et al. The Epidemiology
of Hypoparathyroidism in ltaly: An 8-Year Register-Based Study. Calcif Tissue Int.
2017;100(3):278-85.

90. Clarke BL, Brown EM, Collins MT, Juppner H, Lakatos P, Levine MA, et al.
Epidemiology and Diagnosis of Hypoparathyroidism. J Clin Endocrinol Metab.
2016;101(6):2284-99.

91. Underbjerg L, Sikjaer T, Mosekilde L, Rejnmark L. Cardiovascular and renal
complications to postsurgical hypoparathyroidism: a Danish nationwide controlled historic
follow-up study. J Bone Miner Res. 2013;28(11):2277-85.

92. Underbjerg L, Sikjaer T, Mosekilde L, Rejnmark L. The Epidemiology of Nonsurgical
Hypoparathyroidism in Denmark: A Nationwide Case Finding Study. J Bone Miner Res.
2015;30(9):1738-44.

93. Vadiveloo T, Donnan PT, Leese GP. A Population-Based Study of the Epidemiology of
Chronic Hypoparathyroidism. J Bone Miner Res. 2018;33(3):478-85.

94. Zlotgora J, Cohen T. Idiopathic hypoparathyroidism in Israel. Isr J Med Sci.
1981;17(1):53-4.

95. Kim SH, Rhee Y, Kim YM, Won YJ, Noh J, Moon H, et al. Prevalence and complications
of nonsurgical hypoparathyroidism in Korea: A nationwide cohort study. PLoS One.
2020;15(5):e0232842.

96. Harslof T, Rolighed L, Rejnmark L. Huge variations in definition and reported incidence
of postsurgical hypoparathyroidism: a systematic review. Endocrine. 2019;64(1):176-83.

97. Mehanna HM, Jain A, Randeva H, Watkinson J, Shaha A. Postoperative hypocalcemia-
-the difference a definition makes. Head Neck. 2010;32(3):279-83.

98. Benmiloud F, Le Bihan C, Rebaudet S, Marino P, Bousquet PJ, Bouee-Benhamiche E.
Hypoparathyroidism-related health care utilization and expenditure during the first
postoperative year after total thyroidectomy for cancer: a comprehensive national cohort study.
Front Endocrinol (Lausanne). 2023;14:1193290.

99.  Villarroya-Marquina |, Sancho J, Lorente-Poch L, Gallego-Otaegui L, Sitges-Serra A.
Time to parathyroid function recovery in patients with protracted hypoparathyroidism after total
thyroidectomy. Eur J Endocrinol. 2018;178(1):103-11.

62



100. Cusano NE, Rubin MR, Williams JM, Agarwal S, Tabacco G, Tay D, et al. Changes in
Skeletal Microstructure Through Four Continuous Years of rhPTH(1-84) Therapy in
Hypoparathyroidism. J Bone Miner Res. 2020;35(7):1274-81.

101. Palermo A, Santonati A, Tabacco G, Bosco D, Spada A, Pedone C, et al. PTH(1-34)
for Surgical Hypoparathyroidism: A 2-Year Prospective, Open-Label Investigation of Efficacy
and Quality of Life. J Clin Endocrinol Metab. 2018;103(1):271-80.

102. Tabacco G, Bilezikian JP. New Directions in Treatment of Hypoparathyroidism.
Endocrinol Metab Clin North Am. 2018;47(4):901-15.

103. Tabacco G, Tay YD, Cusano NE, Williams J, Omeragic B, Majeed R, et al. Quality of
Life in Hypoparathyroidism Improves With rhPTH(1-84) Throughout 8 Years of Therapy. J Clin
Endocrinol Metab. 2019;104(7):2748-56.

104. Tay YD, Tabacco G, Cusano NE, Williams J, Omeragic B, Majeed R, et al. Therapy of
Hypoparathyroidism With rhPTH(1-84): A Prospective, 8-Year Investigation of Efficacy and
Safety. J Clin Endocrinol Metab. 2019;104(11):5601-10.

105. TAKEDA. 2022 [Available from: https://www.takeda.com/en-
us/newsroom/statements/2022/takeda-to-discontinue-manufacturing-of-natpar-natpara.

106. Holten-Andersen L, Pihl S, Rasmussen CE, Zettler J, Maitro G, Baron J, et al. Design
and Preclinical Development of TransCon PTH, an Investigational Sustained-Release PTH
Replacement Therapy for Hypoparathyroidism. J Bone Miner Res. 2019;34(11):2075-86.

107. Karpf DB, Pihl S, Mourya S, Mortensen E, Kovoor E, Markova D, et al. A Randomized
Double-Blind Placebo-Controlled First-In-Human Phase 1 Trial of TransCon PTH in Healthy
Adults. J Bone Miner Res. 2020;35(8):1430-40.

108. Khan AA, Rejnmark L, Rubin M, Schwarz P, Vokes T, Clarke B, et al. PaTH Forward:
A Randomized, Double-Blind, Placebo-Controlled Phase 2 Trial of TransCon PTH in Adult
Hypoparathyroidism. J Clin Endocrinol Metab. 2022;107(1):e372-e85.

109. Khan AA, Rubin MR, Schwarz P, Vokes T, Shoback DM, Gagnon C, et al. Efficacy and
Safety of Parathyroid Hormone Replacement With TransCon PTH in Hypoparathyroidism: 26-
Week Results From the Phase 3 PaTHway Trial. J Bone Miner Res. 2023;38(1):14-25.

110. Clarke BL. Epidemiology and Complications of Hypoparathyroidism. Endocrinol Metab
Clin North Am. 2018;47(4):771-82.

111.  Gosmanova EO, Houillier P, Rejnmark L, Marelli C, Bilezikian JP. Renal complications
in patients with chronic hypoparathyroidism on conventional therapy: a systematic literature
review : Renal disease in chronic hypoparathyroidism. Rev Endocr Metab Disord.
2021;22(2):297-316.

112. Buttner M, Musholt TJ, Singer S. Quality of life in patients with hypoparathyroidism
receiving standard treatment: a systematic review. Endocrine. 2017;58(1):14-20.

113. Wilde D, Wilken L, Stamm B, Heppner C, Leha A, Blaschke M, et al. Quantification of
Symptom Load by a Disease-Specific Questionnaire HPQ 28 and Analysis of Associated
Biochemical Parameters in Patients With Postsurgical Hypoparathyroidism. JBMR Plus.
2020;4(7):e10368.

114. Brod M, McLeod L, Markova D, Gianettoni J, Mourya S, Lin Z, et al. Psychometric
validation of the Hypoparathyroidism Patient Experience Scales (HPES). J Patient Rep
Outcomes. 2021;5(1):70.

115. Brod M, Waldman LT, Smith A, Karpf D. Assessing the Patient Experience of
Hypoparathyroidism Symptoms: Development of the Hypoparathyroidism Patient Experience
Scale-Symptom (HPES-Symptom). Patient. 2020;13(2):151-62.

116. Brod M, Waldman LT, Smith A, Karpf D. Living with hypoparathyroidism: development
of the Hypoparathyroidism Patient Experience Scale-Impact (HPES-Impact). Qual Life Res.
2021;30(1):277-91.

117. Arlt W, Fremerey C, Callies F, Reincke M, Schneider P, Timmermann W, et al. Well-
being, mood and calcium homeostasis in patients with hypoparathyroidism receiving standard
treatment with calcium and vitamin D. Eur J Endocrinol. 2002;146(2):215-22.

118. Hepsen S, Akhanli P, Sakiz D, Sencar ME, Ucan B, Unsal IO, et al. The effects of
patient and disease-related factors on the quality of life in patients with hypoparathyroidism.
Arch Osteoporos. 2020;15(1):75.

63



119. Sikjaer T, Moser E, Rolighed L, Underbjerg L, Bislev LS, Mosekilde L, et al. Concurrent
Hypoparathyroidism Is Associated With Impaired Physical Function and Quality of Life in
Hypothyroidism. J Bone Miner Res. 2016;31(7):1440-8.

120. Lovas K, Loge JH, Husebye ES. Subjective health status in Norwegian patients with
Addison's disease. Clin Endocrinol (Oxf). 2002;56(5):581-8.

121.  Nermoen |, Husebye ES, Svartberg J, Lovas K. Subjective health status in men and
women with congenital adrenal hyperplasia: a population-based survey in Norway. Eur J
Endocrinol. 2010;163(3):453-9.

122. Aspinall. BAETS Sixth National Audit Report2021.

123. Bergenfelz A, Jansson S, Kristoffersson A, Martensson H, Reihner E, Wallin G, et al.
Complications to thyroid surgery: results as reported in a database from a multicenter audit
comprising 3,660 patients. Langenbecks Arch Surg. 2008;393(5).667-73.

124. Hundahl SA, Cady B, Cunningham MP, Mazzaferri E, McKee RF, Rosai J, et al. Initial
results from a prospective cohort study of 5583 cases of thyroid carcinoma treated in the united
states during 1996. U.S. and German Thyroid Cancer Study Group. An American College of
Surgeons Commission on Cancer Patient Care Evaluation study. Cancer. 2000;89(1):202-17.
125. Mathonnet M, Cuerqg A, Tresallet C, Thalabard JC, Fery-Lemonnier E, Russ G, et al.
What is the care pathway of patients who undergo thyroid surgery in France and its potential
pitfalls? A national cohort. BMJ Open. 2017;7(4):e013589.

126. Thomusch O, Machens A, Sekulla C, Ukkat J, Brauckhoff M, Dralle H. The impact of
surgical technique on postoperative hypoparathyroidism in bilateral thyroid surgery: a
multivariate analysis of 5846 consecutive patients. Surgery. 2003;133(2):180-5.

127. Burke JF, Sippel RS, Chen H. Evolution of pediatric thyroid surgery at a tertiary medical
center. J Surg Res. 2012;177(2):268-74.

128. Massimino M, Collini P, Leite SF, Spreafico F, Zucchini N, Ferrari A, et al. Conservative
surgical approach for thyroid and lymph-node involvement in papillary thyroid carcinoma of
childhood and adolescence. Pediatr Blood Cancer. 2006;46(3):307-13.

129. Morris LF, Waguespack SG, Warneke CL, Ryu H, Ying AK, Anderson BJ, et al. Long-
term follow-up data may help manage patient and parent expectations for pediatric patients
undergoing thyroidectomy. Surgery. 2012;152(6):1165-71.

130. Newman KD, Black T, Heller G, Azizkhan RG, Holcomb GW, 3rd, Sklar C, et al.
Differentiated thyroid cancer: determinants of disease progression in patients <21 years of age
at diagnosis: a report from the Surgical Discipline Committee of the Children's Cancer Group.
Ann Surg. 1998;227(4):533-41.

131. Savio R, Gosnell J, Palazzo FF, Sywak M, Agarwal G, Cowell C, et al. The role of a
more extensive surgical approach in the initial multimodality management of papillary thyroid
cancer in children. J Pediatr Surg. 2005;40(11):1696-700.

132. van Santen HM, Aronson DC, Vulsma T, Tummers RF, Geenen MM, de Vijlder JJ, et
al. Frequent adverse events after treatment for childhood-onset differentiated thyroid
carcinoma: a single institute experience. Eur J Cancer. 2004;40(11):1743-51.

133. Diez JJ, Anda E, Sastre J, Perez Corral B, Alvarez-Escola C, Manjon L, et al.
Prevalence and risk factors for hypoparathyroidism following total thyroidectomy in Spain: a
multicentric and nation-wide retrospective analysis. Endocrine. 2019;66(2):405-15.

134. Lee YS, Nam KH, Chung WY, Chang HS, Park CS. Postoperative complications of
thyroid cancer in a single center experience. J Korean Med Sci. 2010;25(4):541-5.

135. Paek SH, Lee YM, Min SY, Kim SW, Chung KW, Youn YK. Risk factors of
hypoparathyroidism following total thyroidectomy for thyroid cancer. World J Surg.
2013;37(1):94-101.

136. Puzziello A, Rosato L, Innaro N, Orlando G, Avenia N, Perigli G, et al. Hypocalcemia
following thyroid surgery: incidence and risk factors. A longitudinal multicenter study
comprising 2,631 patients. Endocrine. 2014;47(2):537-42.

137. LinJS, Bowles EJA, Williams SB, Morrison CC. Screening for Thyroid Cancer: Updated
Evidence Report and Systematic Review for the US Preventive Services Task Force. JAMA.
2017;317(18):1888-903.

138. Loyo M, Tufano RP, Gourin CG. National trends in thyroid surgery and the effect of
volume on short-term outcomes. Laryngoscope. 2013;123(8):2056-63.

64



139. Nouraei SA, Virk JS, Middleton SE, Aylin P, Mace A, Vaz F, et al. A national analysis
of trends, outcomes and volume-outcome relationships in thyroid surgery. Clin Otolaryngol.
2017;42(2):354-65.

140. Privitera F, Centonze D, La Vignera S, Condorelli RA, Distefano C, Gioco R, et al. Risk
Factors for Hypoparathyroidism after Thyroid Surgery: A Single-Center Study. J Clin Med.
2023;12(5).

141. Cheah WK, Arici C, ltuarte PH, Siperstein AE, Duh QY, Clark OH. Complications of
neck dissection for thyroid cancer. World J Surg. 2002;26(8):1013-6.

142. Lorente-Poch L, Sancho JJ, Ruiz S, Sitges-Serra A. Importance of in situ preservation
of parathyroid glands during total thyroidectomy. Br J Surg. 2015;102(4):359-67.

143. Henry JF, Gramatica L, Denizot A, Kvachenyuk A, Puccini M, Defechereux T. Morbidity
of prophylactic lymph node dissection in the central neck area in patients with papillary thyroid
carcinoma. Langenbecks Arch Surg. 1998;383(2):167-9.

144. Chen H, Sippel RS, O'Dorisio MS, Vinik Al, Lloyd RV, Pacak K, et al. The North
American Neuroendocrine Tumor Society consensus guideline for the diagnosis and
management of neuroendocrine tumors: pheochromocytoma, paraganglioma, and medullary
thyroid cancer. Pancreas. 2010;39(6):775-83.

145. Farias T, Kowalski LP, Dias F, Barreira CSR, Vartanian JG, Tavares MR, et al.
Guidelines from the Brazilian society of surgical oncology regarding indications and technical
aspects of neck dissection in papillary, follicular, and medullary thyroid cancers. Arch
Endocrinol Metab. 2023;67(4):e000607.

146. Haugen BR. 2015 American Thyroid Association Management Guidelines for Adult
Patients with Thyroid Nodules and Differentiated Thyroid Cancer: What is new and what has
changed? Cancer. 2017;123(3):372-81.

147. Duclos A, Peix JL, Colin C, Kraimps JL, Menegaux F, Pattou F, et al. Influence of
experience on performance of individual surgeons in thyroid surgery: prospective cross
sectional multicentre study. BMJ. 2012;344:d8041.

148. Gourin CG, Tufano RP, Forastiere AA, Koch WM, Pawlik TM, Bristow RE. Volume-
based trends in thyroid surgery. Arch Otolaryngol Head Neck Surg. 2010;136(12):1191-8.
149. Lorenz K, Raffaeli M, Barczynski M, Lorente-Poch L, Sancho J. Volume, outcomes,
and quality standards in thyroid surgery: an evidence-based analysis-European Society of
Endocrine Surgeons (ESES) positional statement. Langenbecks Arch Surg. 2020;405(4):401-
25.

150. Asari R, Passler C, Kaczirek K, Scheuba C, Niederle B. Hypoparathyroidism after total
thyroidectomy: a prospective study. Arch Surg. 2008;143(2):132-7; discussion 8.

151. Lang BH, Yih PC, Ng KK. A prospective evaluation of quick intraoperative parathyroid
hormone assay at the time of skin closure in predicting clinically relevant hypocalcemia after
thyroidectomy. World J Surg. 2012;36(6):1300-6.

152. Pereira JA, Jimeno J, Miquel J, Iglesias M, Munne A, Sancho JJ, et al. Nodal yield,
morbidity, and recurrence after central neck dissection for papillary thyroid carcinoma. Surgery.
2005;138(6):1095-100, discussion 100-1.

153. Bergamaschi R, Becouarn G, Ronceray J, Arnaud JP. Morbidity of thyroid surgery. Am
J Surg. 1998;176(1):71-5.

154. Pattou F, Combemale F, Fabre S, Carnaille B, Decoulx M, Wemeau JL, et al.
Hypocalcemia following thyroid surgery: incidence and prediction of outcome. World J Surg.
1998;22(7):718-24.

155. Ritter K, Elfenbein D, Schneider DF, Chen H, Sippel RS. Hypoparathyroidism after total
thyroidectomy: incidence and resolution. J Surg Res. 2015;197(2):348-53.

156. Crevenna R, Zettinig G, Keilani M, Posch M, Schmidinger M, Pirich C, et al. Quality of
life in patients with non-metastatic differentiated thyroid cancer under thyroxine
supplementation therapy. Support Care Cancer. 2003;11(9):597-603.

157. Nakamura T, Miyauchi A, Ito Y, Ito M, Kudo T, Tanaka M, et al. Quality of Life in Patients
with Low-Risk Papillary Thyroid Microcarcinoma: Active Surveillance Versus Immediate
Surgery. Endocr Pract. 2020;26(12):1451-7.

65



158. Haraj NE, Bouri H, El Aziz S, Nani S, Habti N, Chadli A. Evaluation of the quality of life
in patients followed for differentiated cancer of the thyroid. Ann Endocrinol (Paris).
2019;80(1):26-31.

159. Thanh Vy T, Le Thi Thanh Nam T, Thao Cuong L, Tat Bang H. Health-Related Quality
of Life After Thyroid Cancer Surgery: A Single-Center, Cross-Sectional Study in Southern
Vietnam. Cureus. 2023;15(6):e40496.

160. Huang SM, Lee CH, Chien LY, Liu HE, Tai CJ. Postoperative quality of life among
patients with thyroid cancer. J Adv Nurs. 2004;47(5):492-9.

161. Alyousef MY, Ghandour MK, Al-Mohawes M, Alnwaisir M, Islam T, Al Qahtani K. Long-
Term Quality of Life (5-15 Years Post-Thyroidectomy) of Thyroid Carcinoma Patients in Two
Tertiary Care Hospitals. Cureus. 2022;14(2):e22005.

162. Bongers PJ, Greenberg CA, Hsiao R, Vermeer M, Vriens MR, Lutke Holzik MF, et al.
Differences in long-term quality of life between hemithyroidectomy and total thyroidectomy in
patients treated for low-risk differentiated thyroid carcinoma. Surgery. 2020;167(1):94-101.
163. Blefari NDA, Rowe CW, Wiadji E, Lambkin D, Carroll R, Fradgley EA, et al. Long-Term
Health-Related Quality of Life Outcomes Following Thyroid Surgery for Malignant or Benign
Disease: Deficits Persist in Cancer Survivors Beyond Five Years. World J Surg.
2022;46(10):2423-32.

164. Goldfarb M, Casillas J. Thyroid Cancer-Specific Quality of Life and Health-Related
Quality of Life in Young Adult Thyroid Cancer Survivors. Thyroid. 2016;26(7):923-32.

165. Siggelkow H, Clarke BL, Germak J, Marelli C, Chen K, Dahl-Hansen H, et al. Burden
of iliness in not adequately controlled chronic hypoparathyroidism: Findings from a 13-country
patient and caregiver survey. Clin Endocrinol (Oxf). 2020;92(2):159-68.

166. Anaforoglu I, Sancak S, Akbas EM, Oruk GG, Canat M, Tezcan KA, et al. Effects of
Treatment Adherence on Quality of Life in Hypoparathyroid Patients. Exp Clin Endocrinol
Diabetes. 2021;129(12):918-25.

167. Buttner M, Krogh D, Siggelkow H, Singer S. Impairments in quality of life and predictors
of symptom burden in patients with hypoparathyroidism: results from a population-based
survey. Endocrine. 2023.

168. Cusano NE, Rubin MR, McMahon DJ, Irani D, Anderson L, Levy E, et al. PTH(1-84) is
associated with improved quality of life in hypoparathyroidism through 5 years of therapy. J
Clin Endocrinol Metab. 2014;99(10):3694-9.

169. Cusano NE, Rubin MR, McMahon DJ, Irani D, Tulley A, Sliney J, Jr., et al. The effect
of PTH(1-84) on quality of life in hypoparathyroidism. J Clin Endocrinol Metab.
2013;98(6):2356-61.

170. Frey S, Figueres L, Pattou F, Le Bras M, Caillard C, Mathonnet M, et al. Impact of
Permanent Post-thyroidectomy Hypoparathyroidism on Self-evaluation of Quality of Life and
Voice: Results From the National QoL-Hypopara Study. Ann Surg. 2021;274(5):851-8.

171. Buttner M, Locati LD, Pinto M, Araujo C, Tomaszewska IM, Kiyota N, et al. Quality of
Life in Patients With Hypoparathyroidism After Treatment for Thyroid Cancer. J Clin Endocrinol
Metab. 2020;105(12).

172. Buttner M, Hinz A, Singer S, Musholt TJ. Quality of life of patients more than 1 year
after surgery for thyroid cancer. Hormones (Athens). 2020;19(2):233-43.

173. Buttner M, Krogh D, Siggelkow H, Singer S. What are predictors of impaired quality of
life in patients with hypoparathyroidism? Clin Endocrinol (Oxf). 2022;97(3):268-75.

174. Hadker N, Egan J, Sanders J, Lagast H, Clarke BL. Understanding the burden of iliness
associated with hypoparathyroidism reported among patients in the PARADOX study. Endocr
Pract. 2014;20(7):671-9.

175. Arneiro AJ, Duarte BCC, Kulchetscki RM, Cury VBS, Lopes MP, Kliemann BS, et al.
Self-report of psychological symptoms in hypoparathyroidism patients on conventional
therapy. Arch Endocrinol Metab. 2018;62(3):319-24.

176. Bollerslev J, Rejnmark L, Marcocci C, Shoback DM, Sitges-Serra A, van Biesen W, et
al. European Society of Endocrinology Clinical Guideline: Treatment of chronic
hypoparathyroidism in adults. Eur J Endocrinol. 2015;173(2):G1-20.

177. Jorgensen CU, Homoe P, Dahl M, Hitz MF. Postoperative Chronic Hypoparathyroidism
and Quality of Life After Total Thyroidectomy. JBMR Plus. 2021;5(4):e10479.

66



178. Vokes TJ. Quality of Life in Hypoparathyroidism. Endocrinol Metab Clin North Am.
2018;47(4):855-64.

179. Bago AG, Dimitrov E, Saunders R, Seress L, Palkovits M, Usdin TB, et al. Parathyroid
hormone 2 receptor and its endogenous ligand tuberoinfundibular peptide of 39 residues are
concentrated in endocrine, viscerosensory and auditory brain regions in macaque and human.
Neuroscience. 2009;162(1):128-47.

180. Balabanov S, Tollner U, Richter HP, Pohlandt F, Gaedicke G, Teller WM.
Immunoreactive parathyroid hormone, calcium, and magnesium in human cerebrospinal fluid.
Acta Endocrinol (Copenh). 1984;106(2):227-33.

181. Divieti P, Inomata N, Chapin K, Singh R, Juppner H, Bringhurst FR. Receptors for the
carboxyl-terminal region of pth(1-84) are highly expressed in osteocytic cells. Endocrinology.
2001;142(2):916-25.

182. Gellen B, Zelena D, Usdin TB, Dobolyi A. The parathyroid hormone 2 receptor
participates in physiological and behavioral alterations of mother mice. Physiol Behav.
2017;181:51-8.

183. Usdin TB, Bonner Tl, Hoare SR. The parathyroid hormone 2 (PTH2) receptor. Recept
Channels. 2002;8(3-4):211-8.

184. Hedman C, Djarv T, Strang P, Lundgren CI. Determinants of long-term quality of life in
patients with differentiated thyroid carcinoma - a population-based cohort study in Sweden.
Acta Oncol. 2016;55(3):365-9.

185. Husson O, Haak HR, Buffart LM, Nieuwlaat WA, Oranje WA, Mols F, et al. Health-
related quality of life and disease specific symptoms in long-term thyroid cancer survivors: a
study from the population-based PROFILES registry. Acta Oncol. 2013;52(2):249-58.

186. Dralle H, Musholt TJ, Schabram J, Steinmuller T, Frilling A, Simon D, et al. German
Association of Endocrine Surgeons practice guideline for the surgical management of
malignant thyroid tumors. Langenbecks Arch Surg. 2013;398(3):347-75.

187. Musholt TJ, Bockisch A, Clerici T, Dotzenrath C, Dralle H, Goretzki PE, et al. [Update
of the S2k guidelines : Surgical treatment of benign thyroid diseases]. Chirurg. 2018;89(9):699-
709.

188. Bible KC, Kebebew E, Brierley J, Brito JP, Cabanillas ME, Clark TJ, Jr., et al. 2021
American Thyroid Association Guidelines for Management of Patients with Anaplastic Thyroid
Cancer. Thyroid. 2021;31(3):337-86.

189. Chandrasekhar SS, Randolph GW, Seidman MD, Rosenfeld RM, Angelos P,
Barkmeier-Kraemer J, et al. Clinical practice guideline: improving voice outcomes after thyroid
surgery. Otolaryngol Head Neck Surg. 2013;148(6 Suppl):S1-37.

190. Filetti S, Durante C, Hartl DM, Leboulleux S, Locati LD, Newbold K, et al. ESMO Clinical
Practice Guideline update on the use of systemic therapy in advanced thyroid cancer. Ann
Oncol. 2022;33(7):674-84.

191. Fugazzola L, Elisei R, Fuhrer D, Jarzab B, Leboulleux S, Newbold K, et al. 2019
European Thyroid Association Guidelines for the Treatment and Follow-Up of Advanced
Radioiodine-Refractory Thyroid Cancer. Eur Thyroid J. 2019;8(5):227-45.

192. Gallardo E, Mendez-Vidal MJ, Perez-Gracia JL, Sepulveda-Sanchez JM, Campayo M,
Chirivella-Gonzalez I, et al. SEOM clinical guideline for treatment of kidney cancer (2017). Clin
Transl Oncol. 2018;20(1):47-56.

193. Howard SR, Freeston S, Harrison B, lzatt L, Natu S, Newbold K, et al. Paediatric
differentiated thyroid carcinoma: a UK National Clinical Practice Consensus Guideline. Endocr
Relat Cancer. 2022;29(11):G1-G33.

194. ItoY, Onoda N, Okamoto T. The revised clinical practice guidelines on the management
of thyroid tumors by the Japan Associations of Endocrine Surgeons: Core questions and
recommendations for treatments of thyroid cancer. Endocr J. 2020;67(7):669-717.

195. Lebbink CA, Links TP, Czarniecka A, Dias RP, Elisei R, Izatt L, et al. 2022 European
Thyroid Association Guidelines for the management of pediatric thyroid nodules and
differentiated thyroid carcinoma. Eur Thyroid J. 2022;11(6).

196. Mauri G, Hegedus L, Bandula S, Cazzato RL, Czarniecka A, Dudeck O, et al. European
Thyroid Association and Cardiovascular and Interventional Radiological Society of Europe

67



2021 Clinical Practice Guideline for the Use of Minimally Invasive Treatments in Malignant
Thyroid Lesions. Eur Thyroid J. 2021;10(3):185-97.

197. NICE. Thyroid cancer: assessment and management 2022 [Available from:
https://www.nice.org.uk/guidance/ng230.

198. Park JO, Kim JH, Joo YH, Kim SY, Kim GJ, Kim HB, et al. Guideline for the Surgical
Management of Locally Invasive Differentiated Thyroid Cancer From the Korean Society of
Head and Neck Surgery. Clin Exp Otorhinolaryngol. 2023;16(1):1-19.

199. Perros P, Boelaert K, Colley S, Evans C, Evans RM, Gerrard Ba G, et al. Guidelines
for the management of thyroid cancer. Clin Endocrinol (Oxf). 2014;81 Suppl 1:1-122.

200. Wells SA, Jr., Asa SL, Dralle H, Elisei R, Evans DB, Gagel RF, et al. Revised American
Thyroid Association guidelines for the management of medullary thyroid carcinoma. Thyroid.
2015;25(6):567-610.

201. Mitchell AL, Gandhi A, Scott-Coombes D, Perros P. Management of thyroid cancer:
United Kingdom National Multidisciplinary Guidelines. J Laryngol Otol. 2016;130(S2):S150-
S60.

202. Torring O, Watt T, Sjolin G, Bystrom K, Abraham-Nordling M, Calissendorff J, et al.
Impaired Quality of Life After Radioiodine Therapy Compared to Antithyroid Drugs or Surgical
Treatment for Graves' Hyperthyroidism: A Long-Term Follow-Up with the Thyroid-Related
Patient-Reported Outcome Questionnaire and 36-ltem Short Form Health Status Survey.
Thyroid. 2019;29(3):322-31.

203. Orloff LA, Wiseman SM, Bernet VJ, Fahey TJ, 3rd, Shaha AR, Shindo ML, et al.
American Thyroid Association Statement on Postoperative Hypoparathyroidism: Diagnosis,
Prevention, and Management in Adults. Thyroid. 2018;28(7):830-41.

204. Astor MC, Zhu W, Bjornsdottir S, Bollerslev J, Kampe O, Husebye ES. Is there a need
for an emergency card in hypoparathyroidism? J Intern Med. 2019;285(4):429-35.

205. Hypopara N. Nebenschilddriisenunterfunktion - Behandlungsausweis [Available from:
https://www.sd-krebs.de/infomaterial/nebenschilddruesenunterfunktion/.

206. Buttner M, Rimmele H, Bartes B, Singer S, Luster M. Management of thyroid cancer:
results from a German and French patient survey. Hormones (Athens). 2021;20(2):323-32.
207. Banach R, Bartes B, Farnell K, Rimmele H, Shey J, Singer S, et al. Results of the
Thyroid Cancer Alliance international patient/survivor survey: Psychosocial/informational
support needs, treatment side effects and international differences in care. Hormones
(Athens). 2013;12(3):428-38.

208. Bender JL, Wilier D, Sawka AM, Tsang R, Alkazaz N, Brierley JD. Thyroid cancer
survivors' perceptions of survivorship care follow-up options: a cross-sectional, mixed-methods
survey. Support Care Cancer. 2016;24(5):2007-15.

209. Hudson SV, Miller SM, Hemler J, Ferrante JM, Lyle J, Oeffinger KC, et al. Adult cancer
survivors discuss follow-up in primary care: 'not what i want, but maybe what i need'. Ann Fam
Med. 2012;10(5):418-27.

210. Diez JJ, Galofre JC. Thyroid cancer patients satisfaction at the management outcome:
an analysis of the results of a nationwide survey in 485 subjects. BMC Health Serv Res.
2021;21(1):158.

211. Bilezikian JP, Brandi ML, Cusano NE, Mannstadt M, Rejnmark L, Rizzoli R, et al.
Management of Hypoparathyroidism: Present and Future. J Clin Endocrinol Metab.
2016;101(6):2313-24.

212. Brandi ML, Bilezikian JP, Shoback D, Bouillon R, Clarke BL, Thakker RV, et al.
Management of Hypoparathyroidism: Summary Statement and Guidelines. J Clin Endocrinol
Metab. 2016;101(6):2273-83.

213. Khan AA, Bilezikian JP, Brandi ML, Clarke BL, Gittoes NJ, Pasieka JL, et al. Evaluation
and Management of Hypoparathyroidism Summary Statement and Guidelines from the
Second International Workshop. J Bone Miner Res. 2022;37(12):2568-85.

214. Khan AA, Guyatt G, Ali DS, Bilezikian JP, Collins MT, Dandurand K, et al. Management
of Hypoparathyroidism. J Bone Miner Res. 2022;37(12):2663-77.

215. Leidig-Bruckner G, Bruckner T, Raue F, Frank-Raue K. Long-Term Follow-Up and
Treatment of Postoperative Permanent Hypoparathyroidism in Patients with Medullary Thyroid

68



Carcinoma: Differences in Complete and Partial Disease. Horm Metab Res. 2016;48(12):806-
13.

216. Sauer N, Lautenbach A, Pohl K, Schon G, Brose HP, Schulze Zur Wiesch CA, et al.
Screening and management of postoperative hypoparathyroidism-induced hypocalcemia in
thyroidectomized patients in the endocrine ward compared with the surgical ward. Ear Nose
Throat J. 2018;97(4-5):E22-E6.

217. Ear NTJ. Retraction [Available from:
https://journals.sagepub.com/doi/10.1177/0145561319863551.

218. Chadwick. BAETS Fifth National Audit2017.

219. Htun HM, Edmiston R, Kaimal K, Kumar BN. Variable management of postoperative
hypoparathyroidism at nine NHS trusts in north-west England: The need for a universal
protocol. Clin Otolaryngol. 2018;43(6):1583-7.

220. Allemeyer EH, Kossow MS, Riemann B, Hoffmann MW. [Outpatient quality of care for
permanent postoperative hypoparathyroidism]. Dtsch Med Wochenschr. 2019;144(21):e130-
e’.

221. Hamdy NAT, Decallonne B, Evenepoel P, Gruson D, van Vlokhoven-Verhaegh L.
Burden of iliness in patients with chronic hypoparathyroidism not adequately controlled with
conventional therapy: a Belgium and the Netherlands survey. J Endocrinol Invest.
2021;44(7):1437-46.

222. Buttner M, Krogh D, Fuhrer D, Fuss CT, Willenberg HS, Luster M, et al.
Hypoparathyroidism - management, information needs, and impact on daily living from the
patients' perspective: results from a population-based survey. Hormones (Athens).
2023;22(3):467-76.

223. Gamper EM, Wintner LM, Rodrigues M, Buxbaum S, Nilica B, Singer S, et al. Persistent
quality of life impairments in differentiated thyroid cancer patients: results from a monitoring
programme. Eur J Nucl Med Mol Imaging. 2015;42(8):1179-88.

224. Husson O, Mols F, Oranje WA, Haak HR, Nieuwlaat WA, Netea-Maier RT, et al. Unmet
information needs and impact of cancer in (long-term) thyroid cancer survivors: results of the
PROFILES registry. Psychooncology. 2014;23(8):946-52.

225. Alexander K, Lee SC, Georgiades S, Constantinou C. The "not so good" thyroid cancer:
a scoping review on risk factors associated with anxiety, depression and quality of life. J Med
Life. 2023;16(3):348-71.

226. Dionisi-Vici M, Fantoni M, Botto R, Nervo A, Felicetti F, Rossetto R, et al. Distress,
anxiety, depression and unmet needs in thyroid cancer survivors: a longitudinal study.
Endocrine. 2021;74(3):603-10.

227. Rogers SN, Mepani V, Jackson S, Lowe D. Health-related quality of life, fear of
recurrence, and emotional distress in patients treated for thyroid cancer. Br J Oral Maxillofac
Surg. 2017;55(7):666-73.

228. Tagay S, Herpertz S, Langkafel M, Erim Y, Bockisch A, Senf W, et al. Health-related
Quality of Life, depression and anxiety in thyroid cancer patients. Qual Life Res.
2006;15(4):695-703.

229. Singer S, Dieng S, Wesselmann S. Psycho-oncological care in certified cancer centres-
-a nationwide analysis in Germany. Psychooncology. 2013;22(6):1435-7.

230. Weis J. Psychosocial Care for Cancer Patients. Breast Care (Basel). 2015;10(2):84-6.
231. Bundesgesundheitsministerium.  Nationaler  Krebsplan [Available  from:
https://www.bundesgesundheitsministerium.de/themen/praevention/nationaler-
krebsplan/handlungsfelder/ziele-des-nationalen-krebsplans.

232. Haymart P, Levin NJ, Haymart MR. The psychosocial impact of thyroid cancer. Curr
Opin Endocrinol Diabetes Obes. 2023;30(5):252-8.

233. Javaloyes N, Crespo A, Redal MC, Brugarolas A, Botella L, Escudero-Ortiz V, et al.
Psycho-Oncological Intervention Through Counseling in Patients With Differentiated Thyroid
Cancer in Treatment With Radioiodine (COUNTHY, NCT05054634): A Non-randomized
Controlled Study. Front Psychol. 2022;13:767093.

234. PsycholL. [

69



235. Roberts KJ, Lepore SJ, Urken ML. Quality of life after thyroid cancer: an assessment
of patient needs and preferences for information and support. J Cancer Educ. 2008;23(3):186-
9.

236. Detmar SB, Muller MJ, Schornagel JH, Wever LD, Aaronson NK. Health-related quality-
of-life assessments and patient-physician communication: a randomized controlled trial.
JAMA. 2002;288(23):3027-34.

237. Hilarius DL, Kloeg PH, Gundy CM, Aaronson NK. Use of health-related quality-of-life
assessments in daily clinical oncology nursing practice: a community hospital-based
intervention study. Cancer. 2008;113(3):628-37.

238. Velikova G, Booth L, Smith AB, Brown PM, Lynch P, Brown JM, et al. Measuring quality
of life in routine oncology practice improves communication and patient well-being: a
randomized controlled trial. J Clin Oncol. 2004;22(4):714-24.

239. Kane HL, Halpern MT, Squiers LB, Treiman KA, McCormack LA. Implementing and
evaluating shared decision making in oncology practice. CA Cancer J Clin. 2014;64(6):377-
88.

240. Snyder CF, Jensen R, Courtin SO, Wu AW, Website for Outpatient QOLARN.
PatientViewpoint: a website for patient-reported outcomes assessment. Qual Life Res.
2009;18(7):793-800.

241. Velikova G, Keding A, Harley C, Cocks K, Booth L, Smith AB, et al. Patients report
improvements in continuity of care when quality of life assessments are used routinely in
oncology practice: secondary outcomes of a randomised controlled trial. Eur J Cancer.
2010;46(13):2381-8.

242. Absolom K, Warrington L, Hudson E, Hewison J, Morris C, Holch P, et al. Phase Il
Randomized Controlled Trial of eRAPID: eHealth Intervention During Chemotherapy. J Clin
Oncol. 2021;39(7):734-47.

243. Barbera L, Sutradhar R, Seow H, Earle CC, Howell D, Mittmann N, et al. Impact of
Standardized Edmonton Symptom Assessment System Use on Emergency Department Visits
and Hospitalization: Results of a Population-Based Retrospective Matched Cohort Analysis.
JCO Oncol Pract. 2020;16(9):e958-e65.

244, Kotronoulas G, Kearney N, Maguire R, Harrow A, Di Domenico D, Croy S, et al. What
is the value of the routine use of patient-reported outcome measures toward improvement of
patient outcomes, processes of care, and health service outcomes in cancer care? A
systematic review of controlled trials. J Clin Oncol. 2014;32(14):1480-501.

245. Basch E, Leahy AB, Dueck AC. Benefits of Digital Symptom Monitoring With Patient-
Reported Outcomes During Adjuvant Cancer Treatment. J Clin Oncol. 2021;39(7):701-3.
246. ChenJ, OulL, Hollis SJ. A systematic review of the impact of routine collection of patient
reported outcome measures on patients, providers and health organisations in an oncologic
setting. BMC Health Serv Res. 2013;13:211.

247. Basch E, Deal AM, Dueck AC, Scher HI, Kris MG, Hudis C, et al. Overall Survival
Results of a Trial Assessing Patient-Reported Outcomes for Symptom Monitoring During
Routine Cancer Treatment. JAMA. 2017;318(2):197-8.

248. Klinkhammer-Schalke M, Koller M, Steinger B, Ehret C, Ernst B, Wyatt JC, et al. Direct
improvement of quality of life using a tailored quality of life diagnosis and therapy pathway:
randomised trial in 200 women with breast cancer. Br J Cancer. 2012;106(5):826-38.

249. Mills ME, Murray LJ, Johnston BT, Cardwell C, Donnelly M. Does a patient-held quality-
of-life diary benefit patients with inoperable lung cancer? J Clin Oncol. 2009;27(1):70-7.

250. Denis F, Basch E, Septans AL, Bennouna J, Urban T, Dueck AC, et al. Two-Year
Survival Comparing Web-Based Symptom Monitoring vs Routine Surveillance Following
Treatment for Lung Cancer. JAMA. 2019;321(3):306-7.

251. Denis F, Yossi S, Septans AL, Charron A, Voog E, Dupuis O, et al. Improving Survival
in Patients Treated for a Lung Cancer Using Self-Evaluated Symptoms Reported Through a
Web Application. Am J Clin Oncol. 2017;40(5):464-9.

252. Boyce MB, Browne JP, Greenhalgh J. Surgeon's experiences of receiving peer
benchmarked feedback using patient-reported outcome measures: a qualitative study.
Implement Sci. 2014;9:84.

70



253. Boyce MB, Browne JP, Greenhalgh J. The experiences of professionals with using
information from patient-reported outcome measures to improve the quality of healthcare: a
systematic review of qualitative research. BMJ Qual Saf. 2014;23(6):508-18.

254. Lubberding S, van Uden-Kraan CF, Te Velde EA, Cuijpers P, Leemans CR, Verdonck-
de Leeuw IM. Improving access to supportive cancer care through an eHealth application: a
qualitative needs assessment among cancer survivors. J Clin Nurs. 2015;24(9-10):1367-79.
255. Buttner M, Zebralla V, Dietz A, Singer S. Quality of Life Measurements: Any Value for
Clinical Practice? Curr Treat Options Oncol. 2017;18(5):30.

256. Jagsi R, Chiang A, Polite BN, Medeiros BC, McNiff K, Abernethy AP, et al. Qualitative
analysis of practicing oncologists' attitudes and experiences regarding collection of patient-
reported outcomes. J Oncol Pract. 2013;9(6):e290-7.

257. Zebralla V, Meuret S, Wiegand S. Monitoring and Evaluation of Late Functional
Outcome in Post-treatment Follow-Up in Clinical Routine Setting. Front Oncol. 2019;9:700.
258. Zebralla V, Muller J, Wald T, Boehm A, Wichmann G, Berger T, et al. Obtaining Patient-
Reported Outcomes Electronically With "OncoFunction" in Head and Neck Cancer Patients
During Aftercare. Front Oncol. 2020;10:549915.

259. Wintner LM, Giesinger JM, Zabernigg A, Rumpold G, Sztankay M, Oberguggenberger
AS, et al. Evaluation of electronic patient-reported outcome assessment with cancer patients
in the hospital and at home. BMC Med Inform Decis Mak. 2015;15:110.

260. Jensen RE, Snyder CF, Abernethy AP, Basch E, Potosky AL, Roberts AC, et al. Review
of electronic patient-reported outcomes systems used in cancer clinical care. J Oncol Pract.
2014;10(4):e215-22.

261. Brundage MD, Smith KC, Little EA, Bantug ET, Snyder CF, Board PRODPSA.
Communicating patient-reported outcome scores using graphic formats: results from a mixed-
methods evaluation. Qual Life Res. 2015;24(10):2457-72.

262. Kuijpers W, Giesinger JM, Zabernigg A, Young T, Friend E, Tomaszewska IM, et al.
Patients' and health professionals' understanding of and preferences for graphical presentation
styles for individual-level EORTC QLQ-C30 scores. Qual Life Res. 2016;25(3):595-604.

263. Giesinger JM, Loth FLC, Aaronson NK, Arraras JI, Caocci G, Efficace F, et al.
Thresholds for clinical importance were established to improve interpretation of the EORTC
QLQ-C30 in clinical practice and research. J Clin Epidemiol. 2020;118:1-8.

264. Lizee T, Basch E, Tremolieres P, Voog E, Domont J, Peyraga G, et al. Cost-
Effectiveness of Web-Based Patient-Reported Outcome Surveillance in Patients With Lung
Cancer. J Thorac Oncol. 2019;14(6):1012-20.

265. Nixon NA SE, Clement F, Verma S, Manns B. Cost-effectiveness of symptom
monitoring with patient-reported outcomes during routine cancer treatment. Journal of Cancer
Policy. 2018;15(32-36).

266. International Society for Quality of Life Research (prepared by Aaronson N ET,
Greenhalgh J, Halyard M, Hess R, Miller D, Reeve B, Santana M, Snyder C). User’s Guide to
Implementing Patient-Reported Outcomes Assessment in Clinical Practice. 2015.

267. Duman-Lubberding S, van Uden-Kraan CF, Jansen F, Witte Bl, van der Velden LA,
Lacko M, et al. Feasibility of an eHealth application "OncoKompas" to improve personalized
survivorship cancer care. Support Care Cancer. 2016;24(5):2163-71.

268. Gencer D, Tauchert F, Keilhauer N, Al-Batran SE, Stahl M, Oskay-Ozcelik G, et al.
Cancer patients and the Internet: a survey of the 'Quality of Life' Working Groups of the
Arbeitsgemeinschaft fur Internistische Onkologie and the Nord-Ostdeutsche Gesellschaft fur
Gynakologische Onkologie. Onkologie. 2011;34(8-9):435-40.

269. Howell D, Molloy S, Wilkinson K, Green E, Orchard K, Wang K, et al. Patient-reported
outcomes in routine cancer clinical practice: a scoping review of use, impact on health
outcomes, and implementation factors. Ann Oncol. 2015;26(9):1846-58.

270. Stover AM, Basch EM. Using patient-reported outcome measures as quality indicators
in routine cancer care. Cancer. 2016;122(3):355-7.

271. Rasmussen SL, Rejnmark L, Ebbehoj E, Feldt-Rasmussen U, Rasmussen AK, Bjorner
JB, et al. High Level of Agreement between Electronic and Paper Mode of Administration of a
Thyroid-Specific Patient-Reported Outcome, ThyPRO. Eur Thyroid J. 2016;5(1):65-72.

71



272. Mouillet G, Falcoz A, Fritzsch J, Almotlak H, Jacoulet P, Pivot X, et al. Feasibility of
health-related quality of life (HRQoL) assessment for cancer patients using electronic patient-
reported outcome (ePRO) in daily clinical practice. Qual Life Res. 2021;30(11):3255-66.

273. Palos GR, Suarez-Almazor ME. Launching an Electronic Patient-Reported Outcomes
Initiative in Real-Time Clinical Practice. J Natl Cancer Inst Monogr. 2021;2021(57):23-30.
274. Papaleontiou M, Zebrack B, Reyes-Gastelum D, Rosko AJ, Hawley ST, Hamilton AS,
et al. Physician management of thyroid cancer patients' worry. J Cancer Surviv.
2021;15(3):418-26.

275. James BC, Aschebrook-Kilfoy B, White MG, Applewhite MK, Kaplan SP, Angelos P, et
al. Quality of life in thyroid cancer-assessment of physician perceptions. J Surg Res.
2018;226:94-9.

276. O'Neill CJ, Morris-Baguley H, Alam AS, Carlson MA, Blefari N, Rowe CW, et al. Thyroid
cancer patient reported outcome measures in clinical practice: analysing acceptability and
optimizing recruitment. ANZ J Surg. 2023;93(9):2214-21.

277. Francis B. General Data Protection Regulation (GDPR) and Data Protection Act 2018:
What does this mean for clinicians? Arch Dis Child Educ Pract Ed. 2020;105(5):298-9.

278. Gourd E. GDPR obstructs cancer research data sharing. Lancet Oncol.
2021;22(5):592.

279. Mueller C, Herrmann P, Cichos S, Remes B, Junker E, Hastenteufel T, et al. Automated
Electronic Health Record to Electronic Data Capture Transfer in Clinical Studies in the German
Health Care System: Feasibility Study and Gap Analysis. J Med Internet Res. 2023;25:47958.

72



Acknowledgements

My sincere thanks goes to all patients who participated in our studies and provided information.
Despite their severe disease, they supported our research with great enthusiasm and
dedication. Receiving positive feedback from patients for the work we are doing was a big push
to pursue this research.

Another thanks goes to the Netzwerk Hypopara and the Bundesverband Leben ohne
Schilddrise e.V.. Receiving feedback directly from patients and experts is very valuable for
our work. With our joined projects we have shown that research and self-help together can

provide valuable information which needs to be available to policy makers.

73



Curriculum vitae

Personliche Daten
Matthias Buttner

Feldstr.15
53225 Bonn

Email: matbuett@uni-mainz.de

Akademischer Werdegang

12/2010 BSc. Gesundheitsokonomie, Universitat zu Koln

09/2014 MSc. Epidemiology, Ludwig Maximilian-Universitadt Minchen

Berufstatigkeit und Funktionen

11/2014- Data Quality and Project Manager,

04/2016 o .
Health Vision GmbH, Heidelberg

Seit 04/2016 | Wissenschaftlicher Mitarbeiter am Institut fir Medizinische Biometrie,
Epidemiologie und Informatik (IMBEI), Universitdtsmedizin der Johannes
Gutenberg-Universitat Mainz

Seit 04/2017 | Leiter AG Gesundheitstkonomie, IMBEI, Universitdtsmedizin Mainz

Wissenschaftliche Qualifikation

Publikationen: 32 (Stand: Dezember 2023)
Ausgewaihlte Publikationen

1. Buttner M, Konig HH, Lobner M, Briest S, Konnopka A, Dietz A, et al. Out-of-pocket-payments
and the financial burden of 502 cancer patients of working age in Germany: results from a longitudinal
study. Support Care Cancer. 2019;27(6):2221-8.

2. Buttner M, Musholt TJ, Singer S. Quality of life in patients with hypoparathyroidism receiving
standard treatment:; a systematic review. Endocrine. 2017;58(1):14-20.

3. Buttner M, Singer S, Hentschel L, Richter S, Hohenberger P, Kasper B, et al. Financial toxicity
in sarcoma patients and survivors in Germany: results from the multicenter PROSa study. Support Care
Cancer. 2022;30(1):187-96.

4. Pokora RM, Buttner M, Schulz A, Schuster AK, Merzenich H, Teifke A, et al. Determinants of
mammography screening participation-a cross-sectional analysis of the German population-based
Gutenberg Health Study (GHS). PLoS One. 2022;17(10):e0275525.

Datum: 06.12.2023

Unterschrift: /f G2

74



