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Summary:

What is the problem and what is known about it so far?

In the neck, close to the thyroid gland, there are four much smaller parathyroid glands.
Their main function is to control the level of calcium in the blood. When calcium is
too low, the glands produce parathyroid hormone (PTH) that moves calcium from
bones into the blood. These glands can develop a benign tumor that produces too much
hormone, which makes calcium levels too high. This disease, called primary
hyperparathyroidism, is a common finding in females after the menopause. Minor
increases in calcium may not cause symptoms, but larger increases can cause
nonspecific symptoms, such as muscle weakness, fatigue, bone pain, and specific
symptoms, like nausea, confusion, and increased thirst. When large increases last a
long time, they can lead to fractures, kidney and heart problems and early death.

Why did our research group do this particular study?

Surgery to remove the tumor is the only treatment known to prevent these negative
outcomes. However, it is uncertain whether surgery prevents these outcomes in
patients with only marginal increases in calcium levels.

Who was studied?
One hundred and ninety-one patients in Sweden, Norway, and Denmark with benign
parathyroid tumors and minor increases in calcium levels who were otherwise healthy.

How was the study done?

Half of the patients were randomly assigned to have surgery, and the other half to
observation without surgical treatment. The primary end-point of the study was
mortality. Further, secondary end-points were fractures, cardiovascular disease,
malignancies, kidney disease and quality of life.

Both groups of patients were monitored for at least 10 years. During this time, they
received appropriate treatment, including surgery to remove tumors if it later became
necessary.

What did our research group find?

About equal numbers of deaths, fractures, cardiovascular disease and malignancies
occurred in the groups. In both groups, fewer patients died than anticipated. The bone
mineral density decreased significantly in the observation group, however this did not
lead to increasing numbers of fractures in this group during the observation period.
Some subtle improvements in quality of life were found in the operated group, but
with uncertain clinical relevance.

What were the limitations of the study?



We were unable to recruit as many patients to the study, as planned. Nevertheless, this
is the largest study of its kind and, so far, with the longest follow-up period.

What are the implications of the study?

Early surgery does not appear to reduce negative outcomes in otherwise healthy
patients with benign parathyroid tumors and slightly elevated calcium levels. There are
long-term benefits in bone mineral density with surgery but otherwise no obvious
clinical improvements after ten years of follow-up. The study is an important
contribution to guide both patients and clinicians in shared decision-making regarding
operation for this common disease.



Sammendrag:

Hva vet vi om problemstillingen hittil?

Rett bak skjoldbruskkjertelen ligger fire sma kjertler kalt biskjoldbruskkjertler. Deres
hovedfunksjon er & opprettholde et stabilt niva av kalsium i blodet. Hvis kalsiumnivéet
blir lavt skilles PTH (parathyreoideahormon) ut fra biskjoldbruskkjertlene, Dette
hormonet flytter kalsium fra skjelettet til blodbanen. Biskjoldbruskkjertlene kan
utvikle godartede svulster som produserer for mye hormon og forer til et for hoyt
kalsiumniva. Hyppigst ser man denne tilstanden, kalt primar hyperparathyreoidisme,
hos kvinner etter overgangsalderen, opp til 2-3 % 1 denne gruppen. En liten ekning 1
kalsiumnivaet forer vanligvis ikke til symptomer, men ved mer uttalt gkning i
kalsiumnivaet kan man ha uspesifikke symptomer som muskelsvakhet, trotthet,
skjelettsmerter eller mer spesifikke symptomer som kvalme, forvirring, og okt terste.
Hvis haye verdier vedvarer over lang tid kan det fore til benbrudd, nyrestein,
hjerteproblemer, og tidlig ded.

Hva har var forskningsgruppe gjort i denne studien?

Fjerning av en overaktiv biskjoldbruskkjertel er den eneste virksomme behandlingen
ved heye verdier og for a hindre komplikasjoner. Det er usikkert hva man skal gjore
hvis det kun er lett forheyede verdier av kalsium. Skal man da operere, eller kan man
se det an siden tilstanden oftest holder seg stabil over lang tid?

Hvem ble med i studien?
191 pasienter fra Sverige, Norge og Danmark uten vesentlige andre sykdommer, men
med mild primar hyperparatyreoidisme og lett forheyet kalsiumniva.

Hvordan ble studien gjennomfert?

Ved randomisering ble det bestemt om pasienten ble operert eller ikke. Primart
endepunkt 1 studien var mortalitet. Predefinerte sekundare endepunkter var frakturer/
bentetthet, kardiovaskuler sykdom, malignitet, nyresykdom og livskvalitet.

Begge grupper ble sa fulgt i minst 10 &r. Hvis en pasient i observasjonsgruppen
utviklet komplikasjoner ble de operert.

Hva fant var forskningsgruppe?

I begge grupper dede omtrent like mange pasienter. Omtrent samme antall utviklet
andre komplikasjoner som benbrudd, kardiovaskuler sykdom og kreftsykdom.
Bentettheten ble signifikant redusert 1 observasjonsgruppen, men dette ledet ikke til
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feerre brudd hos disse pasientene. Sma forbedringer ble funnet i gruppen som ble
operert men med usikker klinisk relevans.

Hvilke begrensninger har studien?
Vi klarte ikke & 4 sa mange pasienter i studien som opprinnelig planlagt. Likevel er
denne studien den sterste og lengste studien knyttet til denne problemstillingen.

Hva betyr denne studien for pasientene?

Fjerning av biskjoldbruskkjertelen ved kun lett forheyede kalsiumverdier og
ukomplisert mild primer hyperparatyreoidisme ser ikke ut til & redusere dedeligheten
eller forekomst av brudd, kardiovaskulaer sykdom eller cancer i et 10 ars perspektiv.
Operasjon viste seg fordelaktig med tanke pd bentetthet men forevrig uten dpenbare
kliniske forbedringer etter 10 ars oppfelging.

Studien er et viktig bidrag for & kunne gi bedre réad til pasienter og stette samvalg med
pasientene rundt operasjon av biskjoldbruskkjertelen.

© Copyright: The English version of this Summary was written in collaboration with
Annals of Internal Medicine and is rewritten and published here with permission.
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Introduction/ Background

Physiology of Parathyroid Hormone

Parathyroid hormone is essential for the tightly regulated calcium and phosphate
homeostasis (1). It also facilitates the activation of Vitamin D through the stimulation
of 1-alfa hydroxylase in the proximal convoluted tubule of the kidney (see Figure Ia:
). Through a feedback mechanism, PTH normally declines when calcium is rising (2).
Because of a rapid synthesis and storage in the parathyroid gland, PTH can rise within
seconds after a low calcium level is detected. PTH has a short half-life (of a few
minutes), which can be seen in the intraoperative PTH measurements done when
removing a parathyroid adenoma (3).

In the skeleton, PTH increases bone resorption through receptor activator nuclear
factor kappa B ligand (RANKL) thereby stimulating the cells responsible for breaking
down bone tissue (the osteoclasts). PTH stimulates osteoclast activity, differentiation,
and survival. PTH can also stimulate bone formation both through direct stimuli of the
bone-forming cells (osteoblasts) via the PTH1-receptor and through inhibition of bone
inhibitors such as sclerostin (4).

In the kidney, PTH stimulates the reabsorption of calcium mainly through calcium ion
channels such as the transient receptor potential vanilloid 5 (TRPVS) (5). PTH
regulates the kidney dependent conversion of 25-OH vitamin D to its biologically
more active form 1.25-dihydroxy vitamin D (6). Also of importance, PTH
downregulates the two sodium-dependent phosphate cotransporter, NaPi Ila and
NaPillc, leading to increased phosphaturia (7).

Although much is known about the metabolic process occurring within bones and the
kidney there are still uncertainties on how PTH affects other target tissues such as
skeletal and cardiac muscles, central nervous system (CNS), and adipocytes (8). PTH
works through the specific PTHR1 and PTHR2-receptors (9, 10). Both are expressed
widely throughout the body. There are clues from basal research that PTH can affect
skeletal muscle, cardiac muscle and energy metabolism (11, 12). However, the extent
and clinical implication in humans needs further understanding. The widely distributed
PTH-receptors in the areas in the brain that regulate fear, anxiety, pituitary hormones
and nociception suggests a functional rational for effect in the CNS (13). However, the
relevance and implications of these findings needs further study.
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Figure 1a: PTH-centered illustration of the effect of PTH on calcium homeostasis.
Figure made on commission by Kari C. Toverud for the SIPH-study group and
published in Best Practice Res Clinical Endocrinology and Metabolism (14). Printed
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The History of Parathyroid Hormone

The knowledge of the parathyroid hormone has increased significantly during the last
two centuries. Advances in anatomy, physiology, medicine, surgery, biochemistry, and
genetics have all contributed to our current understanding. Still, there are numerous
questions unanswered on both diagnosis and treatment regarding many parathyroid-
related diseases. The field of endocrinology is a young field starting as a clinical
science in the nineteenth century. The parathyroid glands were discovered by Sir
Richard Owen in 1852 (16). He did a necropsy of a great Indian Rhinoceros and
described these yellow glands, “the size of small peas”, attached to the thyroid gland.
Since this discovery was published in a zoological paper it went unnoticed for many
years until the Swedish pathologist Sandstrem got to name the glands (“glandulae
parathyroidae™) after first discovering them in dogs (17). He went on to identify the
glands in rabbits, cats, ox, and horses. After this, he did autopsies on humans and
found the same small glands close to the thyroid. His work was rejected by journals in
Germany and he ended up publishing in a local Swedish journal in 1880 (17).

Many thought the findings of Owen, Sandtrem, and others were fetal remnants. It was
not before a French physiologist (Eugene Gley) in 1891 observed that tetany and death
occurred in dogs when thyroid removal included the parathyroid glands that linkage to
disease was made (18). A few years later (1898) Meussu
managed to treat tetany following parathyroidectomy in
dogs by injecting extracts from horse parathyroids,
thereby confirming that a substance from the glands was
indeed the cause of this disease. In the coming decades,
this technique was refined and one of the hallmark
studies on this treatment was written by James B. Collip
in 1925 (19). Several theories were debated in the early
20th century but through a series of experiments, Collip
showed that acid extracts of the parathyroid gland
completely relieved the tetany that followed
parathyroidectomy. He thereby established the

parathyroids as an endocrine gland, which secreted
hormone (parathyroid hormone, PTH). James Collip is Figure 2: James Bertram Collip-
often cited as the one who discovered parathyroid 1892—1965 Portrait © National Portrait
hormone and was able to isolate an extract of it to treat Gallery, London, printed with permission
tetany. He has since been even more renowned for his

work with Banting and Best in purifying insulin, but his pioneer work with PTH is

equally important in the parathyroid field (20).

In approximately the same period, there was a growing understanding of the
relationship between bone disease and the hyper-functioning parathyroid glands. Some
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earlier work had eluded to this connection but it is first with the work of von
Recklinghausen in 1891 that this link was acknowledged (21). For many years,
primary hyperparathyroidism (PHPT) was known as von Recklinghausen's disease of
bone. The clinical manifestations of severe parathyroid disease (the classical
symptoms of “stones, bones, groans and moans”’) were of course present centuries
before the anatomical and physiological understanding of the parathyroid gland. The
existence of osteitis fibrosa cystica (pathognomonic to hyperparathyroidism) had been
found in patients dating back to ancient Egypt (22). These findings are probably more
due to the well-preserved skeletal specimens from this culture and there are no reasons
to believe that the disease was unique to this North-African area. Davis Colley
presented a clinical history and autopsy findings in 1884 of a young girl who died of a
combination of skeletal and urinary tract disease (23). Retrospectively the histological
findings were probably due to hyperparathyroidism but were at the time described as
osteomalacia.

The first physician to describe an enlarged parathyroid gland in relation to osteitis
fibrosa cystica was Schlagenhafer. He has also been accredited the concept that the
bones were the result of another disease rather than the cause of the disease. This
concept made treatment possible and in 1925 the first
patient was operated on by Felix Mandl (in Vienna)
with the removal of a parathyroid adenoma. It was
described as dramatic improvement and total healing of
symptoms but the patient died seven years later from
recurrence of the disease (24). One of the great
physicians of all time, Fuller Albright, summed up
knowledge about both pathophysiology and histology
and managed to categorize the disease in the book “the
parathyroid glands and metabolic bone disease”
published in 1948. His categorization of primary and
secondary hyperparathyroidism made decades before
laboratory tests could support this distinction is still

T -
2
Lo ¥ 5
k BUAY
i
e

Figure 3: Fuller Albright 1900- _
1960. Picture published in the used today (25). Several breakthroughs in both

1970-edition of the Harvard molecular biology, cell biology, genetics, and
Medical Alumni Bulletin without

copyright. Permitted use as public ) ) . .
domain. the PTH structure and synthesize the biological active

segment of PTH (26). This was followed by the
successful cloning of the PTH-receptor (27) which could now give rise to genetic
explanations of many of the diseases described clinically by Albright in his book from
1948. The synthesis of PTH meant that previously serious and mortal diseases caused
by hypoparathyroidism could now be treated with injection therapies.

laboratory medicine made it possible to both determine
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Up to the mid-20'" century, mainly symptoms had been relevant for the diagnosis of
parathyroid disease. Even though mineral ions were possible to measure in the early
decades of the 20" century, the methods were tedious and the results were often
inexact. In the late 20" century, the disease spectrum changed, with many patients now
diagnosed without any of the classical symptoms nor with any other symptoms. This
was described as asymptomatic hyperparathyroidism. The incidence of primary
hyperparathyroidism has increased dramatically over the last four decades. This
increase is believed to be both due to an awareness of the disease but also attributed to
the readily available calcium measurement as a routine blood analysis and the
availability of PTH- immunoassay methods. How to treat and follow these patients
without symptoms led to a challenge in the medical community, which still exists
today (15). During the short history of PHPT the change from rare disease with multi-
organ affection to today’s mild disease without specific symptoms, is the basis for this
thesis, as the optimal management of mild PHPT is still largely unknown.

Primary Hyperparathyroidism

Today, PHPT is a common endocrine disorder, especially in peri- and postmenopausal
women (28, 29). The incidence and prevalence vary globally presumably related to the
availability and screening practice of calcium and PTH-measurements (29). Recent
estimates suggest a prevalence in the United States of 233 per 100.000 women and 85
per 100.000 men with the highest overall prevalence in women aged 70-79 years (30).
Data from Scandinavian countries report a prevalence of 2-5% in peri-and
postmenopausal women (28, 31).

PHPT is characterized by elevated calcium levels and inappropriately high levels of
PTH (32). In countries with a highly developed health care system, the mild
(previously termed asymptomatic) form is now predominant. In regions where routine
doctor visits without symptoms are rare, the symptomatic disease, often with organ
manifestations, is still most common (33). Case reports that describe serious disease
with multiple symptoms and devastating organ involvement are still published from
developing countries (34, 35).

PHPT is caused by excessive secretion from one (approximately 85%) or multiple of
the four parathyroid glands (36). In overt cases, this can lead to increased bone
turnover, secondary osteoporosis, and kidney diseases such as nephrolithiasis and
chronic kidney disease (CKD) (34). Removing the hyper-functioning gland by
parathyroidectomy (PTX) is the only curative treatment. PTX has a high success rate.
In its most serious form, PHPT can result in disequilibrium hypercalcemia (see below)
and hypercalcemic crisis with multi organ complications and fatal outcome (37).
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However, severe hypercalcemia is rare, and most commonly the diagnosis of PHPT is
made in patients without classical symptoms and severe complications.

Several studies have reported remarkably stable calcium values in mild PHPT over
decades (38, 39). This could be attributed to the concept of equilibrium hypercalcemia
due to a set point error described by Parfitt et al. already in 1979 (40). Parfitt
characterized equilibrium hypercalcemia as calcium above the normal reference value
maintained at the same level with few fluctuations for years. The hypothesis was that
this pattern seen in mild to moderate PHPT is caused by an increase in calcium bone
resorption and balanced by an increase in renal tubular excretion. The model of
equilibrium hypercalcemia is illustrated in Figure 4. The seemingly non-progressive
hypercalcemia in PHPT in most patients with mild disease is why PTX in these
patients is still widely debated.

Equilibrium-Hypercalcemia
100

= Normal
= =PHPT

90

80

70

60

50 >

40

PTH secretion (% of maximal)

20

10

2 2,1 2,2 2,3 2,4 2,5 2,6 2,7 2,8 2,9

S-Calcium mmol/L

Figure 4: Model of Equilibrium Hypercalcemia in both normal physiology and
PHPT. Dotted lines = upper and lower reference values for s-calcium in mmol/l.

Since the start of the Scandinavian Investigation of Primary Hyperparathyroidism
(SIPH-study) in 1998, the definition of mild disease has changed several times. The
term asymptomatic PHPT was previously used to separate these patients from patients
with symptoms of (often severe) hypercalcemia. During the nineties the term mild
PHPT was established since many of these symptoms were unspecific and common in
people without hypercalcemia. The last consensus report now separates the
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asymptomptomatic patience into two forms; with and without target organ
involvement (41). Until then, there has been no universal definition of mild disease.
This has hampered many meta-analyses and long-term studies, which often include
both mild and severe forms of PHPT.

International consensus guidelines on the management of asymptomatic PHPT have
been issued five times since the first one in 1991 with the last guideline recently
published in 2022 (41-45). European consensus statements have also been evolved
mainly through the PARAT-program initiated by the European Society of
Endocrinology (46). Generally, the indications for PTX have expanded through the
years.

Diagnosis of primary hyperparathyroidism.

Since most patients in countries within a resource-rich health care system are
incidentally identified without specific symptoms or clinical findings, the diagnosis is
largely based on routine serum calcium measurements. Still, case finding in patients
with kidney stones or osteoporotic fractures can lead to the diagnosis. The
combination of elevated serum calcium levels and high/inappropriate high PTH-levels
is the key to the diagnosis (41, 47). Several differential diagnoses should be considered
before concluding that the patient has PHPT. Drugs affecting calcium handling and
hereditary history are important topics to elaborate upon before diagnosis (see
differential diagnosis below).

There is an ongoing discussion on what is the best measurement in regard to calcium.
Since the introduction of serum auto-analyzers, the standard has been to recommend
serum albumin-corrected calcium in the diagnosis of PHPT. There are several ways of
albumin correction, the most commonly used is: Albumin-adjusted calcium (mmol/L)
= total calcium (mmol/L) + 0.02 [40 — albumin (g/L)] (48). This has also been used as
basis for the diagnosis in the SIPH-study.

Differential diagnosis

There are several important differential diagnoses to consider before deciding on
treatment options for the patient. When both calcium and PTH are elevated (or
inappropriately high), both drugs and hereditary conditions are possibilities. Thiazides
are still the most commonly used antihypertensive agents worldwide (49). Thiazides
lead to hypercalcemia probably because of a combination of inhibition of TRPVS and
calcium reabsorption due to volume depletion (50, 51). Although none of these
mechanisms directly lead to PTH secretion, PTH will in many cases be inappropriately
high related to the calcium level (51, 52).
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Lithium is another drug that could change the management of hypercalcemic
hyperparathyroidism. Lithium interacts with the calcium-sensing receptor (CASR) and
leads to a set point elevation of calcium concentration (53). After prolonged use, this
can lead to the development of hyperplasia or adenomas of the parathyroid gland. In
many of these patients, hypercalcemia will resolve when Lithium is discontinued, but
not for all (54). The incidence of multiglandular disease is higher in these patients
which could lead to a different surgical approach (55).

Several genetic diseases are associated with hyperparathyroidism (29). The most
common are familial hypocalciuric hypercalcemia (FHH), multiple endocrine
neoplasia type 1 and 2a, and mutations in the CDC73 gene.

Parathyroid cancer is another rare, however important differential diagnosis.
Generally, these patients have a higher calcium level and larger tumors. Since most
patients do not undergo routine imaging procedure this latter distinction is not always
clinically recognized (56). There are no specific clinical, biochemical, or radiological
characteristics that can distinguish malignant from benign PHPT (57). Thus, the
diagnosis of malignancy is often first made after surgery.

Mortality in Primary hyperparathyroidism.

Prior to the SIPH-study little was known about mortality in mild PHPT. Studies had
demonstrated an increased mortality in both hospitalized and non-hospitalized patients
with PHPT (58, 59). During the course of our study, several epidemiological and
observational studies demonstrated this increased risk of mortality, cardiovascular
disease, and malignancy in PHPT (60-63). This was supported by studies with indirect
findings of increased artery stiffness, dyslipidemia, and ventricular hypertrophy (64-
66). However, results from other non-randomized trials did not support these findings
(67-69). So far, only two other randomized controlled trials have compared PTX with
observation in mild PHPT. These had one and two years of follow-up, respectively,
and both were limited by small sample size and absence of long-term follow-up (70,
71). A recent randomized controlled trial (RCT) by Ejlsmark-Svensson et al. indicated
a decreased risk of cardiovascular disease by lowering cholesterol levels after PTX
(72). However, the study had a short duration (3 months) and included patients with
both mild, moderate, and severe hypercalcemia. In the SIPH study, the metabolic and
cardiovascular risk factors (including cholesterol) were not improved by PTX after 5
years (69).

Due to short duration, retrospective and non-randomized design, the results of the
previous studies cannot be generalized (external validity) and may be confounded by
uncontrolled factors. Randomized controlled trials on hard end-points such as
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mortality, cardiovascular disease, and malignancy are missing on this common
endocrine disease.

To our knowledge, the SIPH-study is the first randomized controlled trial designed to
prospectively compare long-term survival and key morbidities such as cardiovascular,
cerebrovascular and renal disease as well as malignancy, between observation and
parathyroidectomy.

Quality of Life in Primary Hyperparathyroidism

Quality of Life (QoL) is defined (WHO) as “an individual's perception of their
position in life in the context of the culture and value systems in which they live and in
relation to their goals, expectations, standards and concerns” (73). During the last
decades, the centrality of the patient's point of view in monitoring medical outcomes
has become essential in clinical treatment and research. An ongoing discussion is how
PHPT affects QoL. There is both anatomical and clinical reasoning behind the
assumption that also mild PHPT could have cognitive and psychopathological effects.
Both Calcium Sensing Receptor (CASR) and PTH1 and PTH2-receptors are found
abundantly in the brain (74). Especially for excitable cells such as neurons, the tight
control of calcium homeostasis is crucial. Calcium is a small ion that easily cross
membranes and, in the CNS, it is responsible for neurotransmission/excitability (74).

In 2015, a meta-analysis on the randomized controlled trials on this subject suggested
that PTX might be associated with better QoL in asymptomatic PHPT (75). Only three
studies were included (70, 71, 76) with effect measurements at 6, 12, and 24 months.
Previous results from the SIPH-study contributed to a majority of the weight in this
meta-analysis at both 12 and 24 months (76). An even more recent systematic review
included seven observational single-arm studies and four randomized controlled trials
(77). Almost all the included studies showed some statistically significant differences,
favoring PTX.

Management of Primary Hyperparathyroidism

Surgical management

International guidelines for the surgical management of asymptomatic PHPT were
published for the first time in 1991 (42). For patients that meet the surgical criteria,
parathyroidectomy is generally advised (78). In the current guidelines of 2022 patients
with symptomatic disease, as well as patients with renal or bone manifestations or age
below 50 years should all be advised surgery. In addition, patients with calcium levels
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0.25 mmol/l above the upper limit of normal as well as increased urinary calcium
excretion (above 250 mg/day) are recommended PTX (41).

Since the first described parathyroidectomy by Felix Mandl in 1925 numerous
advances has been made in the surgical treatment of PHPT. The evolvement of
localization techniques such as Sestamibi scintigraphy, high-resolution neck
ultrasound and high resolution multiphase contrast medium-enhanced computed
tomography (4D-CT) has led to better preoperative imaging and surgical planning.
Therefore, the majority of PTX today are performed as minimally invasive surgery
with selective, targeted removal of a single gland (79). In many centers, intraoperative
PTH serum measurements are done to assess successful operation, or to decide if
further exploratory surgery is needed (80). The most recent guideline on surgical
management of PHPT states that intraoperative PTH-measurement in routine use is not
essential in patients with two concordant preoperative localization imaging studies
(79). However, it can lead to a marginal increase in cure rate but with longer operation
time and potentially unnecessary contralateral explorations (81). As surgery has a high
cure rate and low frequency of complications there has been a tendency to widen the
indications for this treatment during the last decades.

Medical treatment:

Medical (non-surgical) treatment is an alternative for patients that meet the surgical
criteria but cannot go through PTX. This could be because of contraindications to
surgery, unwillingness, comorbidities, or if previous surgery has been unsuccessful.
Most of these medical alternatives and the evidence of their efficacy in PHPT have
become available during the last two decades, and was therefore not mentioned in the
original SIPH-protocol. However, none of the medical treatments available today will
cure the disease (82).

Bisphosphonates

Bisphosphonates are a class of medication that inhibit bone resorption by reducing
osteoclast function (83). Several bisphosphonates have been used to treat PHPT. Leere
et al. published a systematic review of the efficacy related to the different kinds of
bisphosphonates (84). Seven studies reported on Pamidronate, all with a short follow-
up and no bone mineral density (BMD) data. There was a minute decrease in serum
calcium (-0.034 mmol/L) but five of the studies showed an increase in PTH.
Alendronate was studied in twelve of the included studies of the systematic review.
The decrease in serum calcium was also marginal (-0,05mmol/L). All the long-term
studies reported an increase in BMD in the spine and hip with stable values in the
distal radius. All studies reporting on bone turnover markers demonstrated a rapid and
marked decline in these biomarkers.
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During the last decade, treatment with intravenous bisphosphonates (Zoledronic acid)
has come available. With its long-time effect (years) the possibility of combining PTX
and Zoledronic acid has been a treatment alternative evaluated both in observational
and controlled trials (85-87). The minute and possibly transient effect on serum
calcium makes bisphosphonates a viable option for skeletal protection but would
rarely affect symptoms or other organ manifestations related to hypercalcemia in
PHPT (88). The studies above were all performed after initiation of the SIPH-study
and therefore this treatment alternative is not included in the SIPH study protocol.

Cinacalcet

Cinacalcet is a calcimimetic agent approved for treatment of primary and secondary
hyperparathyroidism in the European Union in 2004. Cinacalcet increases the
sensitivity of the calcium-sensing receptor (CASR) thereby decreasing the synthesis
and secretion of PTH (89). Cinacalcet reduces the set point of the PTH- calcium axis
as illustrated in Figure 4 (90). A recent systematic review and meta-regression
included 28 studies on the use of Cinacalcet in PHPT (91). Serum calcium and PTH
levels were significantly reduced with a normalization rate of 90% across studies.
None of the studies had a positive effect on bone mineral density and can therefore not
be used for skeletal protection. The combination of bisphosphonate therapy and
Cinacalcet has been studied and could be a viable alternative for management where
PTX is not an alternative in osteoporotic patients with symptoms of hypercalcemia
(92).

Denosumab

Denosumab is a human monoclonal antibody that blocks the binding of RANKL,
thereby inhibiting osteoclast development and activity (93). It has mainly been used to
treat postmenopausal osteoporosis but the protective effect on bone in PHPT has
recently been demonstrated in a randomized double-blind placebo-controlled trial (94).
It showed a significant increase in BMD in the lumbar spine, femoral neck, and total
hip after one year compared to placebo. Other, non-randomized trials have
demonstrated a similar effect and Denosumab seems to provide skeletal protection in
the same manner as in the treatment of postmenopausal osteoporosis (95, 96). Similar
to bisphosphonates, Denosumab lowers bone turnover markers but does not reduce
calcium or PTH-levels (95).
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Aims of the Study:

Mild Primary Hyperparathyroidism is now the predominant form of
hyperparathyroidism, probably due to increased routine blood sampling including
measurements of both calcium and PTH. The present thesis focuses on the predefined
primary and secondary endpoints in the SIPH protocol from 1998. The aim of this
study was to investigate if PTX has an effect on long-term mortality and morbidity in
mild PHPT.

The primary end-points as defined in the original protocol were registered-based
mortality and cause of death.

The predefined secondary end-points were:

e Cardiovascular disease

e Malignant disease

o Skeletal disorders including clinical fractures and bone densitometry outcome

e Kidney disease including both kidney function and stone formation in the
urinary tract.

e Quality of life

The aims of this thesis were focused on end-of study data on all the predefined aims:
Mortality (primary aim) was described in Paper II.

The 10-year data for the secondary aims were described in:

—> Paper I (quality of life)

—> Paper II (cardiovascular disease, malignancy, clinical fractures and kidney stones)
-> Paper III (bone densitometry and clinical fractures)
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Materials and Methods

Study design and patients

The SIPH-study (Scandinavian Investigation of Primary Hyperparathyroidism) was an
investigator-initiated, prospective, randomized controlled clinical trial. The final
protocol was released on March 1, 1998 and the first patient included October 1, 1998.
After 6.74 years of inclusion (the last patient included June 29, 2005) there was a
preplanned observation period of 10 years. A total of 191 patients were included; 96
were randomized to observation and 95 to parathyroidectomy. The patients were
randomized by a concealed envelope system developed in collaboration with Medstat
Research. Block randomization was applied, with block sizes randomly set between
two and ten. The eight Scandinavian study centers received 100 randomization
envelopes each. This procedure assured a balance between and within the study
centers. No further stratification factors were added. After study cessation, we have
published the entire randomization procedure;
https://www.acpjournals.org/doi/suppl/10.7326/M21-4416/suppl_file/M21-
4416_Supplement.pdf.

Inclusion criteria were:

e Primary hyperparathyroidism

e Untreated mild hypercalcemia (defined between 2.60 mmol/l to 2.80 mmol/l or
ionized calcium between 1.40 and 1.51 mmol/l)

e Informed consent

The eight exclusion criteria were: age below 50 or above 80, former neck surgery,
osteitis fibrosa cystica, kidney failure, psychiatric disease, kidney stones, familiar
forms of PHPT, and other serious medical illnesses.

Study Schedule and procedures:
During the 10 years of follow-up, patients were scheduled for annual visits. The
complete investigation scheduled for each visit is illustrated in Table 1.
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Table 1: Investigation schedule throughout the SIPH study. Picture from the original

Protocol of 1998.

Approvals and informed consent

The study was approved by the regional ethical committees in all the three countries:
S-96107 and 2017/2413-REK Ser-Ost (Norway), DNR-96349 and 18721/2019
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(Sweden) and S-96007 (Denmark). All patients signed informed consent in their
language. The study was registered at ClinicalTrials.gov: NCT00522028

Quality of Life

For the QoL assessment two main health status instruments were used, the Short Form
36 (SF-36) Version 1 and the Comprehensive Psychopathological Rating Scale
(CPRYS).

SF-36 is a generic quality of life measurement. It is a condensed version of the
questionnaire used in the Health Insurance Experiment (97). Several versions were
attempted during the Medical Outcome Study (MOS) (98). The continuous shortening
of these questionnaires was a response to study participants refusing to complete time-
consuming surveys (99). The SF-36 is a questionnaire consisting of 35 questions
giving rise to eight dimensions of physical (four dimensions) and mental (four
dimensions) health (Figure 5). The last question is about self-reported health
improvement during the last year. In the SIPH-study, SF-36 was used as a self-
administrated questionnaire completed at the time of the study visit. SF-36 could also
be done as a telephone interview, mail-back questionnaire, or face-to-face interview.
In these settings, special considerations are advised, including written patient
information when using mail-back or scripts for telephone interviewing or face-to-face
interviews (100). Even though SF-36 is often termed a generic survey, some content
had to be removed when shortening the form. Most noteworthy is the exclusion of
cognitive functioning, sleep, family functioning, and sexual functioning, none of
which are covered by the SF-36 (99). By today's standard SF-36 is not regarded as
short, and even more comprised versions (like the SF-12) have been made available
after the initiation of the SIPH study (101). In the 1990°s efforts were made by the
IQOLA project to translate and validate SF-36 to different languages thereby making
them validated and available in the three Scandinavian languages in time for the SIPH-
study (102). This was done in a standard protocol including multiple forward and
backward translations as well as qualitative evaluations of the translations and scaling
assumptions (103). In this process, not only direct interpretations were made, but also
changes in meaning to accommodate local understanding. This could be exemplified
by the American translation of walking several blocs (Q3h), to walking half a mile
(UK version) to walking a few hundred meters (Swedish version).
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Figure 5: Structure and contextual overview of the SF-36-V 1. Copyright Pretorius, M

As stated in Table 1, the patients filled in the forms at baseline, two, five, and ten
years. At baseline, 179 had validated SF-36 forms. Of the 129 patients completing the
trial, 122 had validated SF-36 questionnaires available at the 10-year visit. Since these
data were gathered and initially registered over a period of twenty years three SIPH
authors went through each answer cross-checking the original CRF with the database
in 2018. This gave rise to 24,137 individual patient answers with 631 (2.6 %) missing
values.

The next step involved transforming the raw dimension score for each patient to a 0 to
100 scale using the formula: Transformed dimension score = ((Actual dimension score
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— lowest possible dimension score) / possible raw score range) x 100. According to the
SF-36 manual (104), a dimension scale score could be calculated if above 50 % of the
answers in this dimension are valid leading to a total number of missing values of
2.2%. Although possible, no imputation or other forms of filling in the missing values
was used. Finally, scoring checks of all transformed values were performed.

Both the validation, computation, and interpretation of the QoL- results were done in
collaboration with PROMINET to ensure that the methodological aspects of this data
were of high quality. PROMINET is a Regional clinical research infrastructure for
PROMs with the main goals to facilitate increased use of patient-related outcome
measures in clinical studies and improving the quality of such assessments (105, 106).

CPRS

The original CPRS was developed by the Swedish psychiatrist Marie Asberg during
the 1970’s in collaboration with among others Stuart Montgomery (107). It was a
comprehensive survey with 67 items, both self-reported and investigator-scored items.
It was estimated to take about 50 minutes to complete and was a mean of scoring a
range of psychiatric symptoms both in severity and for change over time. Because of
the comprehensive nature, CPRS is not in clinical routine use today. However, since
major efforts on validation and interpretation was done (CPRS was translated to both
English, German, Italian and Spanish), the usage of items from the original
comprehensive version was available. Ten of the questions from CPRS are still of
clinical value today in the Montgomery and Asberg Depression Rating Scale
(MADRS) (108). Similarly, Swedish researchers picked out the 17 questions that were
assumed to reflect symptoms of hypercalcemia (109). This modified version of CPRS
was used in the SIPH-study and other studies on PHPT during the late nineties and
through the 2000’s. Later, a specific PHPT questionnaire has been developed.
Interestingly, the recent disease-specific questionnaire, the Primary
Hyperparathyroidism Quality of Life - PHP-QoL, has several similarities with the
modified version of CPRS used in the late nineties. As illustrated in Table 2, the
thematic similarities are evident and 16 of the 18 items in PHP-QoL are similar to the
ones used in the SIPH-study.
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Table 2: Comparison of the thematic content of the Modified version of CPRS and
PHPQoL:

Questions CPRS PHP-QolL

Q1 Stamina/ tiredness Sleepy

Q2 Mood/ Depression Felt Weak

Q3 Agitation Walking difficulties
Q4 Irritation Shortness of breath
Q5 Sleep Back pain

Q6 Appetite Bone/ joint ache

Q7 Concentration Daily activities

Q8 Decision-making Leisure activities

Q9 Initiative Household chores
Q10 Engagement Irritable

Q11 Pessimism Depressed

Q12 Worry Sleep quality

Q13 Unrest Waking up during night
Q14 Phobias Consentration

Q15 Obsession Worry

Q16 Somatic issues Consentration at work
Q17 Muscle tension/ache -

At baseline, 176 validated CPRS questionnaires were available for analyses. After 10
years, 120 of the 129 remaining patients completed the CPRS form. Throughout the 10
years, this led to 11,347 individual patient answers with 179 (1.6%) missing values. In
the modified version, patients scored each question between zero (best possible quality
of life) and seven (worst possible quality of life). CPRS is constructed in a way where
each individual answer can give rise to a summary score. Unlike the dimensions in SF-
36, it is not possible to calculate a sum score without a complete form, and therefore
the number of missing sum scores was higher (70 / 678= 10.3%) than the answers to
individual questions. No imputations were done on the missing values in the modified
CPRS.

Mortality

In contrast to all the other data in the SIPH-study gathered at the annual visits,
mortality data were registry-based data from the Swedish and Norwegian Death
Registries. To use registry data for this purpose was already predefined in the original
protocol of 1998. An English translated version of the original protocol can be found
as a supplement to the paper published in Annals of Internal medicine (110). Since it
took 6.7 years to include patients and more than a year to gain access to the data
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following the last visit there was a possibility to extend the observation time until July
28,2018 in Norway and December 31, 2018 in Sweden. This led to an increased mean
follow-up time of 15.3 years (SD= 3.2). In this study, we have chosen to include both
the 10-year data (primary endpoint) and all available data until death or censoring in
2018. When calculating time to death, all mortality data were specified as a precise
date and there were no missing or uncertain timeframes in regards to mortality.

We worked for more than two years with the same applications in Denmark, without
getting access to the data, and finally in June 2021, we decided not to do any further
attempts to get the mortality data from the Danish Death Registry. Based on their
presence at the ten-year visit, all but one of the Danish patients were alive at 10 years.
The nine living Danish patients were therefore included in the analyses up until the
date of the end of study visit. For the single patient who died, the exact death date and
cause of death were available from the clinical CRF and could therefore be included in
the analysis in the same manner as the other 43 deaths in the study. This led to a total
observation time of 2848 years in the extended observation period.

During the course of the study, PubMed searches on mortality in mild primary
hyperparathyroidism have been performed repeatedly. In the work with our paper on
mortality, we did a literature search of Clinical trials in English published from
inception until September 16, 2021. We searched in PubMed using this search
strategy: ("Hyperparathyroidism, Primary"[Mesh] OR "primary
hyperparathyroidism"[title] OR primary HPT[title]) AND
("Parathyroidectomy"[Mesh] OR "Parathyroid Glands/surgery"[Mesh] OR
"Hyperparathyroidism, Primary/surgery"[Mesh] OR parathyroidectomy(title/abstract]
OR parathyroidectomies[title/abstract] OR surg*[title] OR excision*[title]) AND
("Clinical Trial" [Publication Type] OR trial[title] OR study][title]) AND
English[lang]. This search string yielded 262 articles on the topic as of September
2021. These articles constituted the basis for the background when working on our
publication on mortality in mild primary hyperparathyroidism.

Morbidity

For all patients, a medical history was taken at the yearly visits. Cardiovascular
disease, cerebrovascular disease, malignancies and peripheral fractures were
specifically investigated at baseline, 2 years, 5 years and 10 years, see Table 1. Data
analyses of the morbidity events were based on all existing data throughout the study.
The number of patients lost to follow-up was low (n=1 in PTX and n=3 in OBS
group). We made an effort during 2018 and 2019 to reduce the number of patients lost
to follow-up, and managed to reduce the number to the current four. We also contacted
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all study centers directly and gathered missing or unclear data from available records
at the individual centers. However, patients who left the study for any of the reasons
specified in Figure 6, contributed with their data registered before study
discontinuation. As described in the CONSORT flow diagram, Figure 6, there were
patients discontinuing the study for various reasons (death, morbidity, etc.). In the case
of no event, patients were censored either from the date of study completion or from
the date of study discontinuation. Since completing a visit meant that the patient
answered the questions assessing medication/ morbidity and fractures in the structured
CRF, we had no missing values other than the time censoring stated above.

The start date for all time to event analyses is the same date as the randomization date.
In the PTX group, there were no primary or secondary events occurring in the time
period between randomization and operation.

Bone Mineral Density

Dual-energy X-ray absorptiometry (DXA) is a rapid and broadly available method to
assess Bone Mineral Density (BMD). There are several advantages to DXA for BMD
evaluation including; low radiation dose, short scan time, rapid and easy patient setup,
good precision, and availability of reliable reference ranges.

In this study, we present BMD measured with DXA at baseline, 5 years, and 10 years.
The DXA technology was developed in the late eighties and quickly replaced the
current Single photon absorptiometry (SPA) and dual photon absorptiometry (DPA)
(111). The two energy sources enabled measurements at sites with variable soft tissue
thickness and composition, such as the hip and axial skeleton (112). DXA provides a
two-dimensional picture with the result expressed as grams of mineral per square
centimeter of bone (g/cm?). However, interpreting the raw units in g/cm? from a user
perspective turned out to be difficult. This was both due to different references for
different anatomical regions and different machine calibrations from the manufacturers
(113). The solution was the introduction of the T-score, which compared the patient's
BMD with a mean value of a young healthy reference population and expressed the
difference as a standard deviation (SD). In 1994 DXA was established as a gold
standard for the diagnosis of osteoporosis by the WHO (114). In women, the DXA
values were divided into four different diagnostic categories:

Normal = BMD within 1 SD of a young female reference database.

Low bone mass (osteopenia) = BMD below 1 SD but above 2.5 SD of a young female
reference database.

Osteoporosis— BMD below 2.5 SD of a young female reference database.

Severe Osteoporosis (established osteoporosis) = BMD below 2.5 SD of a young
female reference database and one or more fragility fractures.
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Another value obtained from the DXA measurement is the Z-score. This mathematical
score describes the number of standard deviations in BMD the individual differs from
an expected mean value based on gender and age. Z-scores are preferred in females
prior to menopause and males younger than 50 years (115). Given the age cut-off in
the SIPH study, we did not use Z-scores but report on both the absolute values in
g/cm? and T-score values for all patients.

In the SIPH-study, three different manufacturers contributed to the DXA scans. The
majority of scans (n=271) were taken using Lunar Scanners (GE Healthcare). Both
Norland (Swissray) and Hologic (Hologic Inc) scanners were used at some centers
with a total of 27 and 31 scans, respectively. There are several challenges with
comparing DXA-scans across different manufacturers and over time as both hardware,
software and reference populations change (116). The SIPH-study group went to great
lengths to adjust for both software analysis, reference population, and different
hardware throughout the nineteen years of DXA scans. This work led to a
methodological publication by Lundstam et al. in 2021 (117).
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Baseline n=49
5years n=53
10 years n=63
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10 years n=61

Figure 6: CONSORT (Consolidated Standards of Reporting Trials) flow diagram of
patients and available data for analyses presented in this thesis.
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Summary of the papers —Results

Paper I: Effects of Parathyroidectomy on Quality of Life: 10 Years of Data From a
Prospective Randomized Controlled Trial on Primary Hyperparathyroidism (the
SIPH-Study)

Observational studies have found a decreased QoL in PHPT with a positive effect of
PTX. However, in previous short-term randomized controlled trials, the results have
been ambiguous.

In this study, we focused on QoL in patients with mild (previously termed
asymptomatic) primary hyperparathyroidism in a prospective long-term randomized
controlled trial.

A total of 191 patients were enrolled and randomized for surgical treatment or
observation (OBS) in a 1:1 ratio. Two well-validated tools (SF-36 and CPRS) were
used at baseline, two, five, and ten years (end of study).

In the SF-36, only the dimension Vitality improved significantly (p=0.017) in the
PTX-group compared to the OBS-group. There was a borderline significant difference
(p=0.063) in Social functioning favoring the PTX group and a significant improvement
within this group (p=0.024).

For the CPRS, several single items improved in both groups over a decade, however,
no significant differences were found between the groups. The items that improved in
the PTX group were irritation, pessimism, unrest, phobias, somatic troubles, and
muscle tension. The items that improved from baseline in the OBS-group were worry,
unrest, and somatic troubles. When combined to a CPRS mean sum score there was no
difference between the groups.

The observation group had stable or improved values in both SF-36 and CPRS and we
concluded that it seems safe to observe mild PHPT for a decade when evaluating only
QoL. The improvements in the PTX group were subtle and below what is generally
accepted to be clinically significant.
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Paper 11: Mortality and Morbidity in Mild Primary Hyperparathyroidism: Results
From a 10-Year Prospective Randomized Controlled Trial of Parathyroidectomy
Versus Observation

Several previous papers have assosiated PHPT with increased mortality as well as
cardiovascular disease, fractures, and kidney disease. It is still largely unknown if mild
PHPT increases the risk of death or morbidity. In this study, we followed 191 patients
of whom 96 were randomized to observation and the other 95 were randomized to
PTX. They were followed clinically for 10 years with an added registry based follow-
up time for mortality (primary endpoint) up until July 2018 in Norway and December
2018 in Sweden.

For mild primary hyperparathyroidism (PHPT), what is the effect of
parathyroidectomy on mortality?
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Figure 7: Graphical abstract of mortality, the primary outcome in the SIPH-study.
Published in Annals of Internal Medicine (110). Printed with Permission

Fifteen patients died during the 10 years of follow-up. Deaths were evenly distributed
in both groups (PTX= 8; OBS= 7). During the added follow-up time 44 patients died

with no significant differences between the two groups. The mortality results are also
illustrated in the visual abstract (Figure 7).
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We report the pre-defined secondary end-points, fractures, cardiovascular events,
cerebrovascular events, and cancer. All these were reported annually at study visits.
Forty-four new peripheral fractures occurred (PTX = 22; OBS =22), twenty
cardiovascular events (PTX= 10; OBS=10), twenty new cancer developments
(PTX=13; OBS=7) and seven new kidney stones (PTX=2; OBS=5). Both timing and
distribution of the morbidity developments were evenly distributed with no statistical
differences between the groups. In addition to the annually registered peripheral
fractures, we also report on new vertebral fractures assessed by vertebral fracture
assessment (VFA) obtained at baseline, two, five, and 10 years. Fourteen patients
developed new vertebral fractures, seven in each group.

The study concludes that PTX does not appear to reduce mortality or morbidity in mild
PHPT.
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Paper I1I: Positive effect of parathyroidectomy compared to observation on BMD in a
randomized controlled trial of mild primary hyperparathyroidism

PTH increases bone turnover and several observational studies have demonstrated a
decreased BMD in patients with PHPT. In this paper, we present data on BMD
evaluating the effect of PTX within a long-term randomized controlled trial.

In this study, we used mixed model statistics including all validated DXA scans from
the 10-year cohort (n=129) from baseline (n=98), 5 years (n=106), and 10-years
(n=124).

There was a significant treatment effect of PTX compared to OBS in all DXA-
compartments. Lumbar spine (p=<0.001) and femoral neck (p=<0.001) had the largest
treatment effect. The OBS-group had a significant decrease in all compartments
compared to baseline. The PTX-group, however, had a significant increase in lumbar
spine, with stable values in the femoral neck and ultradistal radius and a decline in
radius 33%. However, this difference in BMD did not transfer to an increased fracture
risk over 10 years. When reviewing the 10-year cohort of 129 patients concerning
fractures, 21 of 64 in the OBS-group had an incidental fracture. In the PTX group, 18
of 64 had a fracture with no difference between the groups (p=0.565). We also present
biochemical data for the patients who completed the study. Interestingly, the OBS-
group had stable calcium levels for a decade without any treatment when excluding the
17 patients who underwent PTX in this group.

Although BMD effects may have a consequence for the patients in an even longer
perspective, fractures are of most relevance for the patients. Thus, observation of
patients with mild PHPT seems safe also in terms of bone health in a 10-year
perspective.
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Discussion

Methodological considerations

It is well known that not all research designs can answer research questions on the
effectiveness of interventions. This is often described in the hierarchy of evidence,
where RCTs are seen as more powerful than cohort series, case-control studies and
case series in this regard (118). They are only surpassed in the hierarchy by systematic
reviews and meta-analyses of RCTs. Non-randomized and observational trials have
inherent biases and limitations, making results on causation unreliable (119). The
RCT method was chosen for the SIPH study to assess the effectiveness of PTX. In the
case of mild PHPT, this is especially important because there may be considerable
selection bias toward surgery. There are both regional and individual differences in
regard to which patients are considered to be candidates for operation (120). The final
decision on the matter is often done in collaboration with the patient in a form of
shared decision-making. This leads to a potential bias where the frail, unwilling
patients, or patients with contraindications to surgery, might be excluded from studies.

A key feature of this study is the randomized design. There are several techniques
developed for this, including stratified randomization, block randomization, and
covariate adaptive techniques. These are meant to ensure the balance of sample size
and control for important covariates (121). Even though the hospital center was the
only stratification in this study, the groups were well balanced in regard to key factors
such as age, gender, morbidities, and calcium levels. Baseline tables are included in all
the papers (110, 122, 123). An especially important factor is to ensure concealment in
the randomization (124). With simple block randomization, this could be compromised
if the investigator is aware of the block size. For example, if a study uses
randomization with blocks of four, an investigator who remembers the first three
randomized patients will know the result of the fourth patient. This could lead to
biased inclusion and is a threat to the randomization method, especially in an open-
label study such as the SIPH study. To avoid this, random blocks of between two and
ten ensured that the investigator was not aware of the randomization results before
randomizing patients.

Power calculations were performed prior to study initiation. Since the natural mortality
of mild primary hyperparathyroidism was largely unknown, nine power calculations
were done in November of 1994 on the primary endpoint, mortality. The original
power calculations were performed at the Department of Clinical Oncology,
Rikshospitalet, Oslo University Hospital, Table 3 below. Significance level was set at
0=0,05 (5% level), test-strength to 1-=0,9, 90 %. The clinically meaningful effect of
PTX was estimated to 10, 15, and 20 %. Based on evidence at the time, annual
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mortality was estimated to be 2.3% with ten-year mortality of 23 % (estimated) (58).
Since the estimations were uncertain, there were also calculations for high (30%) and
low (20%) mortality. The numbers in each group varied within these estimates
between 79 and 389.

Mortality in the group that | Reduction of mortality in Number of patients in each
is observed the group that is operated group
23% 10%, mortality: 13% 305
15%, mortality: 8% 117
20%, mortality: 3% 55
20% 10%, mortality: 10% 263
15%, mortality: 5% 97
30% 10%, mortality: 20% 389
15%, mortality: 15% 158
20%, mortality: 10% 79

Table 3: Original power calculations from November 1994.

Based on the power calculations above, the study aimed to include a total of 400
patients and the inclusion period was estimated to be 3 years. However, the
recruitment developed slower than anticipated, so at the meeting in the study group on
January 25, 2002, only 91 patients so far were included. Based on the low inclusion
pace, it was decided to reduce the overall number of included patients to 200. The
reasons were:

1) Potential time bias by a prolonged inclusion period, including the — at that time
- rapidly increasing use of statins and bisphosphonates

2) Changing international recommendations on management

3) Evolving medical management of complications to PHPT (e.g. clinical
introduction of bisphosphonates)

At the following meeting in the study group December 4, 2003, the number of
included patients was 142. It was then decided that the aim still was to reach an
inclusion of 200 patients, but the end of inclusion was set to the end of June 2005 (6
years and 9 months). Patient no 191 was included in June 2005.

In this study, we chose the Cox proportional Hazard regression model for all time-
dependent analyses (mortality and morbidity). Other tests such as the Log Rank test or
parametric models could have been chosen. The log-rank test has a very low detection
capacity for indicating that one group has a better survival in certain time intervals
(125). It does also not provide an estimate of the difference between the groups such as
hazard ratio (HR) with confidence intervals, which many journals prefer (126). In the
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Cox proportional hazard regression model, there is an assumption that the hazard
function only depends on time (127). This assumption can be checked with the
Schoenfeld residual-based test for proportional hazard violations (128). In our study,
this assumption was met, but if not, several parametric techniques can model survival
times (129). However, these methods are often more challenging, and when the hazard
functions of the Cox regression models are met this is a safe and proven method and
by now the most commonly used for survival analysis (126, 129).

In such longstanding studies, the possibility of recurrent events should be taken into
consideration, preferably before the study start and implemented in the study protocol.
In the late nineties, the statistical methods for handling recurrent events were not in
common use and this was not part of the statistical plan for our study. There are
several methods such as the Proportional Intensity Model by Andersen and Gill, the
Prentice, Williams and Peterson (PWP) Total time model, or the PWP gap time model.
In our material, there were no instances of recurrent events regarding kidney stones.
However, one patient had a diagnosis of breast cancer in 2004 with relapse in 2013,
both within the study period. We also had a patient with multiple cardiovascular events
(heart attack in 2004, angina pectoris in 2006, and heart failure in 2010), all within the
study period. Since the number of these recurrent events was low and both could be
regarded as a pathophysiological continuum, we chose not to use statistics for
recurrent events, and all time-dependent end-points are given as time to first event
(130).

As stated in the Table 1 of the original protocol some of the endpoints scheduled in the
study have not yet been reported on. This could be exemplified by urinary samples
taken at inclusion, two years, five years, and end of study. Unfortunately, standard
operational procedures for collecting, sending or reporting of urine samples were not
well defined in this study. This resulted in missing samples as well as insecurities
regarding this material. We have therefore chosen not to publish data on urinary
findings. The presence of a designated study monitor during the entire study could
possibly have rectified this in the early phase, but since many of these data and
materials were sent to Oslo sometimes with a substantial delay, it was not possible to
correct such errors of collection/ handling and analyzing.

There were no reports during the study on “screening failures” or how many patients
were contacted during the 6.7 years of inclusion. We, therefore, do not know if those
willing to be randomized to the study were different from the not included patients.
This could have led to a selection bias, which could limit the conclusions (external
validity).

In the later years, more and more evidence has evolved on the pitfalls of using albumin
corrected calcium as a diagnostic and prognostic tool. Albumin-adjusted serum
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calcium tends to overestimate hypercalcemia and underestimate hypocalcemia when
compared to the unadjusted total calcium (131, 132). The probably best measurement
is free calcium, which is less affected by binding protein but the use is limited by the
fact that it is not readily available outside of the hospital setting and must be analyzed
swiftly to avoid pre-analytical errors (133). Free calcium is recommended, when
following a patient in the ICU and when the patient has chronic kidney disease (134).
Still, when free calcium is not available, recent evidence suggests that total calcium is
actually more accurate than albumin-corrected values. When free calcium is available,
this would probably be the most accurate test for both diagnostics and treatment
decisions (133).

As commented in a recent editorial based on the SIPH study, the nature of conducting
a long-term RCT on PHPT with patients randomized to PTX or OBS is challenging
and it seems unlikely that a larger or longer RCT will be performed (135).

Ethical considerations

The study was performed in accordance with the Helsinki declaration II and was
approved by the regional ethical committees (REC) in all three countries. All
participants gave informed consent in their own language prior to inclusion in the
study. The consent form included information about the disease, the reasoning behind
the study, and what would be expected throughout the ten years of follow-up. It was
also clearly stated that patients could at any time leave the study or have an operation
(if randomized to OBS-group). Both the risk of progression of disease (skeletal
disease, kidney disease, and cardiovascular disease) without operation and the risk of
surgical treatment (recurrent laryngeal nerve injury and hypoparathyroidism) were
specified.

After two years, an interim analysis was performed on multiple end-points to ensure
safety for both groups.

Given the longevity of the study, several additions to the original REC-approval have
been sent, both when adding study members and when extending the observation
period along with the inclusion of registry data.

In the process of re-applying to the ethical committees in 2018, it was argued that a
new patient consent form should be obtained by the remaining patients in the study
when applying for the Death Registry data. The nature of this problem is that in order
to be included in the registry, consent would have to be obtained from next of kin.
Since this application was over twenty years after the first included patients, we argued
that this would be inappropriate for the surviving family members. It was also obvious
from the original patient consent form and the original protocol that both morbidity
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and mortality would be investigated and the approval from REC was given. The
REC’s in Sweden and Norway approved the extended searches (post-trial) in the
mortality registries. There were several reasons for the lack of approval for the ten
Danish patients, most of them being of non-ethical nature (mainly issues with the new
GDPR rules implemented in the EU in 2018). Still, one reason given in the early phase
was that the small number of patients in Denmark would make anonymous extraction
of data from the Danish Death registries hard. After arguing that the disease has a high
prevalence in this age group, other factors than ethical considerations were the main
reasons for not being able to include these registry data.

The study protocol was based on the recommendations from the first international
workshop on the management of mild PHPT in 1991 (42). Through the years, these
recommendations have been revised; the subsequent workshops (41, 43-45) changed
the recommendations concerning diagnostic and therapeutic recommendations. It
could be argued that some of the patients in this study would be advised PTX
(exemplified by a low BMD) as per these later recommendations. Still, the study
clearly demonstrates that hard endpoints are equal after 10 years and retrospectively it
would seem that the patients included in the study have not been harmed because of
their longtime commitment to the SIPH study.

Based on the original power calculations where the aim was to include 400 patients, it
could also be argued that it was unethical to proceed with a long-term study of this
magnitude when the original patient number could not be reached. Given the lack of
other RCT’s and the large population followed for ten years, the data are still relevant
today and although this point is applicable, it seems that completing the trial was
ethically sound.

Strengths and limitations

The strengths of this study are the randomized, controlled design and the long-term
follow-up. Several other observational and registry-based trials include all types of
PHPT, while our population is well defined as having mild PHPT. Even though the
recommendations for surgery have changed since the first NIH-initiated international
workshop in 1991, the majority of the patients in this study would still be classified as
mild by today’s standards (41).

A major strength of our study is that the original protocol has been meticulously
followed throughout the study period, for almost twenty years. As the original protocol
was written in the local language, we have translated an English full version and
published this with our paper on the primary endpoint mortality (110).
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Even though the methods for this study were chosen in the late nineties they were
well-validated tools at the time. Most of them are still relevant today such as SF-36,
DXA, and laboratory techniques.

There are also limitations. As discussed above, the target number of included patients
could not be accomplished. With a 23 % mortality (the mortality after the extended
observation period), we cannot exclude reduced mortality to between 15-20% in the
PTX group compared to the OBS-group. Moreover, it was not possible to study the
mortality in the Danish population beyond the first ten years due to the lack of access
to the Danish Death registry data. Nevertheless, the stipulated ten-year mortality could
be analyzed.

No power calculations were done for secondary end-points and we cannot exclude a
type 2 error based on the secondary end-points. There were also 23 withdrawals in the
PTX-group and 27 in the OBS-group. Although these patients were still registered in
terms of mortality, they did not contribute with morbidity data after their withdrawal
from the study.

The unblinded study design is a potential weakness especially for the QoL-
measurements.

Discussion of the results of the separate papers

Paper I: Quality of Life

There is a lack of evidence from long-term randomized controlled trials on the effect
of parathyroidectomy on QoL. Although numerous publications have tried to address
this in observational or registry-based studies these are only hypothesis generating and
cannot answer the question of treatment effect.

The QoL-study showed small improvements in vitality in the PTX group compared to
OBS-group and several improvements within the groups in the psychopathological
rating scale. Overall, we concluded that the improvements in QoL were subtle with
uncertain clinical significance.

There are several strengths and limitations to this paper. First, the study was unblinded
for both investigator and patients. This would probably not affect the results of the
primary aim (mortality) but could potentially have an important effect on the QoL
data. While sham operations (to avoid the placebo effect of surgery) are generally
technically possible they should be justified by the clinical question and
methodological necessity, since a surgical placebo comes with a risk for the study
participants (136). In the SIPH-study it was not seen as feasible to do sham operations.
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Sham operations on the neck are not commonly used as it leaves a sizeable, visible
scar and two of the most common side effect (wound infection and bleeding) can have
a larger risk in the neck area than in other areas of the body. It would also be hard to
sustain the blinding over a 10-year period as it would quickly be obvious to the
researcher and patient if a patient had an operation, based on the calcium values. The
potential placebo effect of operation should be considered, as illustrated by the CPRS
data for the initial phase of the study. As illustrated, the long-term follow-up and long
time intervals might reduce the placebo effect over time. It is possible that previous
short-term studies on QoL in PHPT have underestimated the placebo effect of surgery.
Here, we included one-year results and as illustrated in Figure 3 c in the paper, the
largest difference between the sum score in CPRS can be found at one year. Hereafter,
CPRS scores aligned with time. After 10 years, the scores are almost identical between
the groups.

A discussion point is the inclusion of the one-year data. As stated in Table 1, QoL
measurements was not scheduled for the one-year visit. However, several centers
decided to perform SF-36 and CPRS at this time point. This led to 97 SF-36 and 99
CPRS forms being available for the one-year-visit. When using mixed model analysis,
all available data could be incorporated into the model, thereby increasing the
statistical power. We considered that the data in themselves were interesting, even
though not a complete data set from all patients were available. This may have resulted
in a bias towards patients willing to answer the questionnaires at this time point.
However, we assume that the decision to perform the questionnaire at the one-year-
visit was related to the investigator's initiative and not the patients’ choice. However,
the randomized study design reduced the effect of a potential bias further. We also
analyzed all end-points without these one-year data. By that, the results did not change
significantly, probably since there were few questionnaires and with a time-dependent
model, this one year would only amount to 1/10 of the change from baseline to ten
years in the derived mixed model.

The effect on QoL measures was less pronounced in the present study than in
comparable non-randomized studies. A potential bias could be a selection bias in
observational studies towards patients with the most symptoms at the time, being
referred to surgery. This could also be regardless of non-specific symptoms not related
to PHPT. Thereby, these symptoms could be relieved by surgery (regression towards
the mean).

The use of a generic form such as SF-36 is also debatable. As stated earlier, disease-
specific QoL questionnaires for PHPT has been developed after study start of the
SIPH-study. Mild PHPT is not known as a disease with a large decline in physical
function. This could lead to a ceiling effect, which we saw in both physical dimensions
and some of the mental dimensions. Several of the patients (in both groups) scored
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maximum points (100) on many of the questions throughout the study. This could be
exemplified by question 3i (walking 100 meters) where 87.2% of the patients had top
score throughout the study. This could limit the value of the question; however, all the
different questions and levels giving rise to a dimension in the SF-36 seem to limit the
ceiling effect in our study. Only social functioning had a mean of above 80 at baseline
(mean of 81.7) the others ranging from 58.7 (Vitality) to 75.9 (Physical functioning).
Thus, the ceiling effect does not substantially limit the values of SF-36 in the SIPH
study. The patients in the study were generally quite healthy and well-functioning and
it does not seem that the floor effect was present (a large amount of the patients
scoring zero thereby limiting the variance so that the independent variable cannot be
measured).

In regards to the primary endpoint of mortality and the other four morbidity
developments (cardiovascular disease, malignant disease, skeletal disease, and kidney
disease) one would rarely argue with multiple testing issues. However, in the QoL
paper, there are several end-points. Within the SF-36 there are eight dimensions and
seventeen different items in the CPRS along with one sum-score analysis. This sums
up to 26 different hypothesis tests and one could easily argue that we should correct
for multiple testing. In the case of SF-36, it is generally accepted that these eight
dimensions when predefined (not as part of an exploratory or post-hoc analysis) are
necessary to evaluate the quality of life without multiple testing corrections. However,
the 18 outcomes in CPRS could be considered for multiple testing corrections with for
example Bonferroni adjustment. Some argue that corrections for multiple testing is not
needed when the comparisons are complementary or when the questions are part of a
comprehensive questionnaire (137). In our study, there were two main reasons for not
correcting for multiple testing after debating this with PROMINET. Multiple testing
corrections are generally used to avoid a type 1 error (false positive result). Our main
conclusion from both SF-36 and CPRS was that we could not find clinically
significant differences between the groups. Moreover, when using our data for future
meta-analyses, it is generally preferable to report on the original data in the study.

The statistical significance does not necessarily mean a clinically meaningful
improvement. This was first described as the Minimal Clinical Important Difference
(MCID), being “the smallest difference in score in the domain of interest which
patients perceive as beneficial and which would mandate, in the absence of
troublesome side effects and excessive cost, a change in the patient’s management”
(138). Since, several methods have evolved in describing MCID (139). Generally, the
methods are divided into Anchor - or Distribution based methods. Some examples of
the anchor-based are: average change, receiver operating curve (ROC)-change, and
equipercentile linking. Examples of the distribution-based are standard deviation based
(0.5 SD has been suggested), standard error of measurement (SEM), and effect size
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(139). Generally, it is better with a disease-specific questionnaire and MCID defined
by the relevant population. To our knowledge, no such definition of MCID exists in
PHPT. When no predefined MCID exist, a change of 5% to 10% (or in general, 0.5
SD) of the scale breadth is perceptible to patients as a meaningful change (140).
Although some studies suggest a threshold of only 5 %, in clinical experience it
appears that 10 % is a more reasonable cut-off point, less likely to produce false
positives (140).

There are some inherent limitations with self-administered questionnaires. They are
limited to literate and native speaking patients, without serious visual problems. They
are also not readily achievable with cognitive impairment. Although illiteracy is rare in
the Scandinavian countries, cognitive impairment in this kind of long-term study of
older patients could be an issue. Generally, this seems to lead to missing values or
dropouts of the study. Since we had no continuous measurement of cognitive function,
we cannot exclude that this can have had an impact on the answers.

We made efforts to find comparable data from the normal population in all three
Scandinavian countries. Even though some normative data exist, it was challenging to
find comparable data for both gender-specific, age-specific and from the relevant time
periods of inclusion (141, 142). Since the focus of the study was comparison between
the two randomized groups, we chose not to include a historical control group. One
drawback of this decision was that no SF-36 summary scores could be made. Today it
1s common to analyze SF-36 data in two main categories; Physical Component
Summary (PCS) and Mental Component Summary (MCS). Both are norm-based
scoring systems with a mean of 50 and a standard deviation of 10 for the bases of
analyses. The approach has the advantages exemplified by the fact that the “ceiling”
and “floor” effect (a substantial amount of the patients have a top score of 100 or a
score of 0) could be avoided (143, 144). Therefore, we cannot exclude that PCS or
MCS, which are common end-points today, could have shown a difference between
the groups. Given the data for PCS this seems however unlikely, but since several of
the dimensions in the MCS showed improvement in the PTX group a difference
cannot be ruled out. There are still debates on the accuracy of the summary scores
which makes reporting on the eight classical SF-36 dimensions a validated and safe
method (143). A general limitation is also the use of quantitative data (e.g. score 0-
100) for data that are qualitative in nature, such as degree of well-being.

Another limitation to be mentioned is the use of the older version of the SF-36. As
evident by Figure 5 (content SF-36) there are some questions with quite few items
(e.g. bodily pain and social functioning with only two questions). This is not
necessarily a problem if the number of levels is adequate. However, some of the
critique against version 1 was the fact that some of the questions were dichotomous
and thereby giving rise to very few numbers of levels. The most noteworthy is Role-
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emotional which only gives rise to four different alternative levels. This was changed
in version two with a 5-level response choice making both the role dimensions more
robust (145). Changes in these two dimensions especially should be interpreted with
caution (146). In the SIPH study, none of these two dimensions were significantly
changed but a potential difference might have been demonstrated with more nuance in
the questioning. Changes in this dimension will therefore be more exposed to
uncertainties, which is why this has been changed in newer versions.

No patients withdrew during the study because of declining QoL, but 19 stated
personal reasons (patient’s decision) and it cannot be excluded that some of these
patients had some sort of symptoms related to psychometric symptoms. However, the
number was low and equal in both groups (PTX:10 ; OBS=9). It should be emphasized
that the patients were not obliged to give the reason for withdrawal.

An even more recent systematic review on this specific point included seven
observational single-arm studies and four RCT’s (77). Even though almost all studies
had some statistically significant differences, favoring PTX, this study concludes that
clinical significance was rarely discussed and five of the studies did not mention the
possibility of a placebo effect of surgery. The two-year data from the SIPH trial was
one of the included trials. All of the studies were open-label and most of them had a
short follow-up.

Paper II: Mortality and morbidity

A discussion point in this study is the use of registry-based data for mortality. The
number of patients who died during the study was low, with eight deaths during the ten
years of follow-up (PTX=6 and OBS=2). During the conceptualization of the protocol,
the inherent problem of keeping elderly patients in the study although they are getting
progressively more sick and frail, was anticipated. Therefore, it was decided to use a
registry-based end-point, which also meant that the reason for death was made
available through registry data. After 10 years, the number of mortalities by these
databases almost doubled (n=15). However, the inclusion of the extended mortality
period was not protocol based. When extracting the data from the registries we were
forced to choose a single date to extract all the data. Since this date had to include all
the patients, we chose updated data (the latest time point after the application was
approved). Thereby, the dates for the two countries were not equal and it might
consequently lead to a different observation time for the two countries. However, the
later cut-off date in Sweden for the surviving patients did not give rise to any
difference in follow-up time between the two (mean of 16.63 years in Norway and
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16.50 years in Sweden). The mortalities in the registry data did not skew the age for
the survivors, with the mean age for the survivors at the end of the extended follow-up
of 79.80 in Norway and 79.86 in Sweden. When comparing this to the 43 deaths from
the Death registries the mean age at death of this group was 83.0 years. This difference
probably eludes to the exponential relationship between mortality and age more than
randomization in the SIPH-study (147).

The lack of clinical data for the extended observation period is a limitation. Apart from
the cause of death, we have no other clinical data for the patients in the Death
registries or still alive at the date of data extraction. It is therefore possible that some
of these patients from the OBS-group could have had PTX within the extended
observation time. However, while this would be clinically relevant, it would not
change the statistical result, given all data being analyzed as intention to treat.

Another important point when using data from registries is the accuracy and coverage.
The Swedish and Norwegian Death Registries are among the best-performing
registries worldwide (148). The Norwegian Causes of Death Registry is described in
this way in the publication; Data quality in the Causes of Death Registry (149),
“Degree of coverage refers to the proportion of the population encompassed by a
registry. Completeness indicates whether information is actually collected from the
persons who are included in the registry. In Norway, both of these are high; on the
whole, we assume that we have medical information on more than 98 % of all deaths.
The Causes of Death Registry encompasses all residents, irrespective of whether they
die in Norway or abroad, and since 2012 non-residents (tourists, labour migrants etc.)
who die in Norway are also included. Cross-checks against the National Registry are
made, and reminders are sent to the Chief Municipal Medical Olfficers to collect
missing certificates”. As described, there are limitations concerning underlying and
secondary causes of death. However, we were aware of this limitation and have not
included such data in our study. All our data on morbidities were prospectively
gathered from the study, and not from registry data. The Swedish National Board of
Health and Welfare is responsible for the Swedish Cause of Death registry. According
to their report; Dodsorsaksstatistik. Historik, produktionsmetoder och tillforlitlighet
(https://www.socialstyrelsen.se), (English translation of the title would be “Cause of
death statistics — history, production methods, and reliability”), all deaths reported to
the Swedish Tax Agency are included in the Cause of Death registry. This means that

no deaths are missed, even though the cause of death can be missing for some small
numbers. However, in our study, there were no missing causes of death for any of the
Swedish or Norwegian patients. Consequently, the degree of both coverage and
completeness is high (above 98 %) in both countries (148, 149).
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As mentioned in the introduction, several studies have shown increased mortality in
PHPT. Of special interest is a recent Swedish publication (150) showing an increased
risk of death, fractures, and cardiovascular disease. Interestingly, the majority of the
patients in this study were recruited and followed in the same country (Sweden) and
same period (2006-2017 vs 1998-2017), as the SIPH study. Thus, time or geographical
factors should not be a major bias here. There are numerous inherent limitations to a
registry-based, retrospective cohort study. Specifically, it is difficult to identify
differences between a hospital-derived group of PHPT patients and the age, sex, and
residency-matched presumably healthy control group. Both groups in this recent study
were scored by the Charlson Comorbidity Index (151). Although commonly used to
adjust for covariates, it is not without limitations (152). In order to compare the
groups, the coding practice is assumed to be equal in a hospital and the broader
primary community. One example of where the comorbidity scale does not fully
encompass differences, is with medication. In the study, the hospital group was using
more of all medication groups during the last year (except for calcium supplementation
and drugs against dementia). This is also the case for medication that presumably
would not be used to treat either PHPT or the complications. This could be
exemplified by a 10.0 % Prednisolone use in the PHPT group and 6.9 % in the Control
group, moreover a 10.8 % opioid use in the PHPT group versus 6.7% in the Control
group. The potential biases comparing two such groups are many and hard to quantify
through retrospective registry data. When comparing the PTX-group to conservative
treatment it must be commented that the groups were different before adjustment for
covariates. In this study, the conservative group was almost ten years older (71.1 vs.
62.5 years), and this would presumably affect many other factors not easily corrected
for by just age, sex, and the Charlson Comorbidity Index. The fact that all hazard
ratios dropped after adjustment for covariates supports that the relationship could be
due to biases. Lastly, since the ICD-10 diagnosis E21.0 does not include any form of
severity score, it is not known how many of the included patients in registry studies
met the surgical criteria (exemplified by calcium >0.25 mmol/l or symptoms of
hypercalcemia). Current guidelines recommended PTX for patients with osteoporosis,
kidney disease, symptoms of hypercalcemia, or calcium values above 0.25 mmol/I.
The fact that many studies, including this recent cohort study, do not identify or
exclude patients with severe disease or organ manifestations, who meets these criteria
for surgery makes interpretation difficult.

Morbidity:

We found no significant differences with regard to development of morbidity during
the ten years of study duration. There were 1723 completed visits in the SIPH-study.
In all of these visits, incidental disease was examined anamnestically.
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No power calculations were done for CVD, malignancy, fractures or kidney stones. It
1s possible that these secondary endpoints were not powered to exclude a type 2 error
(153), especially if few patients experience the end-point during the study. This could
be exemplified by symptomatic kidney stones with a total number of seven cases (five
in the OBS-group and two in the PTX-group) giving a HR-ratio of 0.34 but with a
wide confidence interval of 0.06 to 1.82 (non-significant). Given the large confidence
interval on this morbidity event a considerable risk for type 2-error might exist.
However, the low frequency of the event over a duration of ten years is still
interesting. Today, prior kidney stones is an indication for PTX. None of the five
patients who had a kidney stone prior to inclusion in the OBS-group suffered from
symptomatic kidney stone during the study. The low incidence of kidney stones over
ten years indicates that this is not a common clinical problem in conservatively treated
mild PHPT. Further efforts to identify patients with mild PHPT who are at risk of
developing kidney stones and renal disease should be made in the future.

Kidney function was one of the predefined secondary endpoints. Serum creatinine
levels were one of the biochemical tests taken at every visit (along with calcium, PTH,
albumin, and hemoglobin). Creatinine levels were similar in both groups at baseline.
Over the ten-year period, the serum creatinine levels decreased significantly in both
groups. In the PTX group from 81.4 (= 17.4) pumol/L to 74.9 (= 16.5); (p=0.011) and
in the OBS group from 79.9 (= 13.9) umol/L to 70.9 (£ 18.1); (p <0.001). After ten
years, however, there was no significant difference between the groups (p=0.218). The
equal decline in serum creatinine (within the reference range) in both SIPH study
groups could be due to a gradual decrease in muscle mass in this age group or a
selection bias with the possibility of patients with higher creatinine levels adhering less
to the protocol. We did not use estimated GFR, i.e. taking not only serum creatinine,
but also gender, age and weight into account, which better reflects the actual renal
function (measured GFR) in an individual. In recent years, the use of Cystatin C has
been introduced clinically, as an alternative or complement to serum creatinine, as it is
independent of the muscle mass. Nevertheless, with the patients being their own
controls over time in the SIPH study, it still seems reasonable to use serum creatinine
as a marker of renal function. It would be of interest if there were differences between
the groups or if any of the groups increased in s-creatinine. Clearly, this was not the
case in our data. Since paper II focused on symptomatic disease, we chose not to
include these laboratory end-points in this paper.

There is still a concern about cognitive impairment and the risk of dementia related to
PHPT. Several case reports exist on PHPT as a reversible cause of dementia (154-
156). The SF-36 and CPRS do not specifically address cognitive domains and we had
no structured cognitive evaluation during the study. At the end of the study, five
patients had left the study because of dementia in the OBS-group versus one in the
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PTX-group. Therefore, we chose to search for incidental dementia in the CRF of each
patient. Two more patients were diagnosed with dementia during the study, both
within the PTX-group. Since this was not a predefined end-point and we did not have
any structured way of evaluating cognitive failure, we chose not to include these
findings in the paper.

We chose to combine all the clinical morbidity events in the paper leading to a total of
101 predefined events (cardiovascular events, fractures, cancers, and kidney stones).
Scientifically, this is controversial when the events do not share a common
pathophysiology. The development of kidney stones and cancer are examples of two
different diseases. However, we did this to demonstrate that the presumed morbidity
events of untreated PHPT were almost identical in the two groups. In the PTX-group
there were 52 events and in the OBS-group 49. Even though there were few events in
some of these end-points, the total burden of potential complications to PHPT seems to
be equal in the two groups. This is further supported by the fact that all the disease-
specific causes of death in the groups were almost identical in both numbers and
distribution (Table 2, paper II).

As commented in a recent editorial on the SIPH-study the results provide a strong
rationale for non-operative management of mild PHPT (157). The guidelines from the
international workshops, although high profile, is subject to the expert opinion biases.
The lack of clinically relevant effects on clinical outcomes suggests that many patients
can be managed without operation. The SIPH study also demonstrates that RCT’s on
surgery vs. observation are feasible and can provide important clinical information.

Paper II1: Bone Health

The effects of PTH on bones are complex and still not completely understood.
Especially the different effects on cortical and trabecular bones have been subject to
several publications (158, 159). Approximately 80 % of the bone mass is categorized
as cortical with the remaining being trabecular compartments. Trabecular bones have a
lower calcium content, larger surface exposed to the bone marrow and bone turnover is
generally higher than in the cortical bone (160). Previous studies have demonstrated a
well preserved and even improved trabecular bone density but increased cortical
porosity and thinning in PHPT (159, 161). The difference in the two types of bone
could be explained by the complexity of both the anabolic and catabolic effect of PTH
on bone. The anabolic effect is through stimulation of mesenchymal stem cells and
osteoprogenitor cells to form new osteoblasts, as well as decreasing the production of
sclerostin. In addition, PTH increases the release of osteoblastic IGF-1 and FGF2
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having proliferative and anti-apoptotic effects on osteoblasts (162). However, the net
effect of continuous PTH stimulus is to release more calcium into the circulation and
thereby increasing bone resorption more than formation. This catabolic effect seems to
be mainly through enhancing production of RANKL and inhibiting its antagonist OPG
leading to increased osteoclastic bone resorption (162). Both these processes increase
bone turnover in a way that seems to diminish cortical bone but sparing trabecular
bone. In our study, the DXA-values or the treatment effect of PTX does not correlate
to fracture incidence and it would seem that there is a need for even better
understanding of which patients with PHPT have the highest fracture risk.

Even though several studies show a lower T-score in the cortical sites, the reversibility
of the cortical bone loss with PTX has not been demonstrated (163, 164). The
difference in these two compartments could be explained by the different PTH effects.
As seen in treatment with Teriparatide this leads to an increase of especially trabecular
bone (165). In contrast to previous studies, our study clearly demonstrates that there 1s
a treatment effect also in the typical cortical bones (Radius 33% has about 95 %
cortical bone (166))

A major issue when discussing mild or asymptomatic PHPT is the lack of a clear
definition of mild disease. This has led to heterogeneity in the studies on the topic. In
terms of bone disease, the original protocol for the SIPH study stated that only
hyperparathyroid bone disease (osteoitis fibrosa cystica generalisata) was an exclusion
criterion. The classical and pathognomonic bone disease of PHPT, Osteitis Fibrosa
Cystica with Brown tumor is today a distinct rarity (167, 168). The protocol specified
that typical osteoporotic fractures e.g. in lower arm, hips and spine were not
considered as hyperparathyroid bone disease and patients with low BMD on DXA
were not excluded from the study. During the twenty-four years between the original
protocol and the latest international guideline on management, the definition of mild
PHPT has changed several times. The lack of a clear definition has been a focal point
of the 2022 Fifth International Workshop on PHPT (41). In the recent paper on
classical and non-classical manifestation of PHPT it is proposed to refine the definition
of asymptomatic PHPT into two categories (168). The first category is asymptomatic
PHPT without target organ involvement. The second is with evidence of target
involvement. To make the classification more universal, it was suggested that
evaluation of target involvement should include the following: Inquire about fracture
history, BMD (spine, hip and forearm) and imaging to rule out vertebral fractures. For
asymptomatic kidney disease, e-GFR or creatinine clearance, kidney imaging studies
and 24-hour calcium excretion is recommended. This refinement would, if used
uniformly, lead to better characteristics and improve the assessment and development
of future evidence based guidelines. If these recommendations had been applied on the
SIPH-study patients at baseline with regards to the skeletal involvement, the following
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number of patients with a refinement of the diagnosis to asymptomatic PHPT with
evidence of skeletal organ involvement would be given:

Patients with fracture history: n=51 (22 in PTX and 29 in OBS)

Patients with T-score < -2.5: n=34 *
Lumbar Spine below -2.5: n=24 (10 in PTX and 14 in OBS)
Femoral neck below -2.5: n=11 (8 in PTX and 3 in OBS)
Radius 33% below -2.5: n=15 (4 in PTX and 11 in OBS)

Patients with baseline vertebral fracture: n=9 (5 in PTX and 4 in OBS)

*The number of target organs involved is higher than the number of patients since
several of the patients presented more than one skeletal involvement.

Since no detailed anamnestic history was taken after finding a radiological vertebral
fracture or peripheral fracture, it is not known how many of these would be classified
as low-energy trauma at baseline. Even though several of the patients in the SIPH-
study would have been advised PTX by today’s standard, it is still interesting to see
that most of the hard end-points were not increased in the OBS-group after ten years.
This further emphasizes the need to continuously evaluate the current understanding of
PHPT being a progressive disease and that PTX had a significant effect on skeletal
hard end-points, not supported by our data. The updated proposal of the 2022
International Workgroup is an important step towards standardization and more
homogenous patient populations.

A recent systematic review and meta-analysis included 12 studies after identifying 804
papers on the topic (169). An increased risk of fracture was found in PHPT patients
(risk of any fractures (OR: 2,01), forearm (OR: 2.36) and spine (OR: 3.00)). Four
studies included patients with mild PHPT and showed an increased risk of vertebral
fractures of 4.22 with a confidence interval of 2.20 to 8.12. There are limitations to the
analysis, as all of the studies were observational (eight cross-sectional and four cohort
studies). There was a high heterogeneity in the studies and the methods of diagnosing
vertebral fractures were not uniform and could underestimate the true number of
vertebral fractures. The huge span of prevalence in vertebral fractures from 1% (170)
to 46 % (171) indicates that vertebral fracture assessment in patients with PHPT was
done differently across the included studies or differences in patient selection.

In the SIPH study, vertebral fractures were assessed at plain x-rays of the thoraco-
lumbar spine. It should be acknowledged that computerized tomography (CT)
potentially could reveal vertebral lesions not detected at plain x-rays. Using low-dose
CT would have been preferred if the design of the study was done today. In any case,
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the same x-ray technique was used for both PTX and OBS groups, making the groups
comparable, although at a slightly lower diagnostic level.

Because of the unclear relationship between BMD and the risk of fractures, other
modalities have been proposed in order to give a better estimate of fracture risk in
PHPT. Trabecular bone score (TBS) can be obtained by DXA measurement and
describes the trabecular microarchitecture (172). The possibility for evaluating fracture
risk with TBS in PHPT was introduced with the fourth international workshop in 2014,
however results since then have been conflicting and TBS is not recommended in the
current 2022 guidelines (173, 174) . High resolution peripheral quantitative computed
tomography HRpQCT is an imaging modality which can both assess volumetric bone
mineral density and describe the microarchitecture of cortical and trabecular bone
(175). Studies with HRpQCT have demonstrated a decrease in bone mineral density
(both in cortical and trabecular space) as well as reduced cortical thickness and
trabecular number in PHPT compared to controls (176, 177). This again confirms that
the trabecular bone is affected in both symptomatic and mild PHPT. HRpQCT is not
readily available for clinical use, is time consuming and has a higher radiation dose
than DXA. A more direct way of measuring bone strength is through impact
microindentation (178). This technique has also been investigated in PHPT with
significantly lower bone material strength index in patients with primary
hyperparathyroidism compared to controls (179). In addition, this study also show
significantly lower Bone Material Strength index (BMSi) in PHPT patients with
fractures compared with PHPT without fragility fractures. Neither TBS, HRpCT nor
impact microindentation were available at the time of planning the SIPH study.

A major limitation with gathering DXA-data over a time span of almost 20 years, is
the inevitable updates in hardware, software, reference population and analysis
settings. Three manufacturers (Lunar, Norland and Hologic) were used in the STPH-
study. It is well established that DXA-scans from different manufacturers is a
limitation (180). It is also known that hardware from the same company can pose a
threat when analyzing longitudinal data (116). A majority (82%) of the scans in the
SIPH-study were performed with Lunar technology. Even when only analyzing scans
from Lunar, 6 different hardwares, 26 different softwares and 16 different reference
populations values were used during the trial period leading to an array of potential
sources of error. Some of these are well known and described (181, 182). The
limitations are exemplified by the implication of the NHANES/Lunar Femur reference
population (version 111, 112 and 113) leading to a difference in the relationship
between the BMD and T-score. This has been previously described but since it mostly
affects the high area of the T-scores it has had lower implications in the area of clinical

54



relevance (183). This change in the reference population can be clearly seen also in the
SIPH-study as illustrated in Figure 2b in the recent paper of Lundstam et al (184).

When validating the DXA-data for this publication, it became evident that
discrepancies in the longitudinal set up could have led to substantial misinterpretations
and wrongful comparisons with former scans due to change of software. In the forearm
compartments two distinct patterns of BMD-T-score relationships emerged. Most of
the differences between the two could be explained by a single calibration setting. The
setting Single Photon Absorptiometry (SPA)-calibration was changed during the study
period to “Lunar”-calibration leading to a 24% increase in BMD values without
affecting the T-scores. In collaboration with Lunar, we published these data and were
also provided with a conversion formula by the company; BMD (SPA) = BMD
(Lunar) x 0.804 (184). With this conversion the BMD-T-cores aligned in the
measurements of radius 33% as illustrated in Figure 8a and 8b.

a) RADIUS 33% - measured data () 9] RADIUS 33% - converted data ()

(]

RADIUS 33% T-score
RADIUS 33% T-score

03 0.4 0.5 0.6 0.7 0.8 0.9 1 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

RADIUS 33% BMD [g/cm2] RADIUS 33% BMD [g/cm2]
© SPA ©® LUNAR @ SPA @ LUNAR converted to SPA

Figure 8: a) [llustration of impact of the two settings; SPA-calibration blue dots and
Lunar calibration (red dots) b) Same measurements after conversion of the data.
Published in Journal of Clinical Densitometry. Published with permission.

The different impact on cortical and trabecular bone and differences in the bone
compartments should theoretically be irrelevant, when measuring total body (TB).
Total body should be a better measurement of the patient’s cortical bone density as the
measured area is large with less sources of error, compared to other compartments.
However, this technique has not been without limitations (185). For the TB DXA-data,
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we demonstrated a difference when the manufacturer changed from Basic to the
Enhanced analysis setting. This gave rise to two different BMD-T-score relationships.
Thirty-six scans were available for reanalysis (at Oslo University Hospital) and when
reanalyzing the scans with the same software settings much of the difference could be
accounted for with the two groups aligning. Unlike the errors with the reference
populations, the largest discrepancies were in the lower values, of relevance for
clinical decision making. Because a majority of the scans was not available for such
reanalysis, and there were still some unresolved issues with the long-term data for TB,
we chose not to include the data in our publication on the 10-year data. This decision
was also based on a clinical argument. While TB-DXA is the preferred method of
measuring body composition, its utility in assessing BMD in patients with PHPT has
not been established (186). Both in assessing osteoporosis in general and in PHPT,
only lumbar spine, hips and radius has been among the indications of PTX.

Another discussion point with the DXA and fracture data was the allowance of
osteoporotic therapies. Bisphosphonates were not in routine use at the time of protocol
writing. During the study period, the use of bisphosphonates increased. All medical
therapies were recorded in the CRF at baseline, two, five and after ten years. For the
191 patients included in mortality and morbidity data analyses, we found no statistical
difference between the two groups for the use of bisphosphonates (6 in PTX vs 15 in
OBS; p= 0.08). However, when analyzing only the 129 patients for this paper, 18/129
patients used bisphosphonates at any time point. There was a significant difference
between the groups with 5 in the PTX-group and 13 in the OBS-group; p = 0.039. This
could have affected both the DXA and fracture data. Given that more patients in the
OBS-group received bisphosphonates you would suspect that this would increase the
BMD in this group. Since the result showed the opposite with a significant treatment
effect in all compartments, it seems unlikely that this could change the conclusion of
the DXA-results for the study. The low fracture rate in the OBS-group could to some
extent be affected by the use of bisphosphonate. Several studies have demonstrated a
decrease in fracture rate with the use of bisphosponates in PHPT. However, in the
dataset used for the fracture analyses (including all 191 patients) there was no
significant difference in the use of bisphosphonates. Still, if a similar study protocol
would have been formed today, the use of bisphosphonates in the OBS-group would
be defined and controlled.

The optimal timing and dosage of combined bisphosphonate treatment with
parathyroidectomy is not well established. A retrospective cohort study concluded that
bisphosphonate initiation after PTX might interfere with the beneficial effects of PTX
(85). However, a recent randomized controlled trial demonstrated a significantly
higher BMD in the group with surgery combined with postoperative Zoledronic acid
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(86). However, case reports suggest that this could increase the risk of postoperative
hypocalcemia (87).

Another bone active therapy that was allowed, both at baseline and during the study,
was estrogen. Twenty-two of the 129 in the DXA cohort had estrogen therapy at any
time point during the study when including both per oral and transdermal estrogens.
There was no difference between the two groups in estrogen use (13 in PTX and 9 in
OBS; p=0,370). Unlike bisphosphonates, estrogen therapy was frequent at baseline (26
of 32, respectively, in the SIPH-cohort) and only six patients started with estrogens
during the study follow-up.

SERMs were also allowed and a total of four patients (two in each group) used this
during the study. The low number and equal distribution makes SERM unlikely to
influence the results.
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Conclusions and implications

Parathyroidectomy remains the treatment of choice in overt or severe PHPT. Our
literature search showed that data on the effect of PTX with regards to mortality and
morbidity in mild PHPT was sparse and that the results from observational and
retrospective studies were conflicting. Our findings suggest that observation without
operation is safe in terms of both survival and key morbidities, such as cardiovascular
disease, fractures, kidney disease, and malignancies for several years.

The SIPH study is a landmark study for the management on mild PHPT. The study is
the largest and longest lasting RCT on the topic. So far, 12 papers have been published
on these data. Since the second international workshop on PHPT, interim data from the
SIPH-study has been cited frequently in all the international workshops and European
consensus statements. The three publications included in this thesis are based on end
of study data. Only the QoL paper was published in time to be included for the 51
international workshop in 2022 and was well acknowledged. The decision on not to
include QoL-measurements as indication for PTX was probably in part due to the new
10 year data from the SIPH-study. The mortality and morbidity data was published
after the conclusion of data gathering for the fifth international workshop. However,
these results have impact for future guidelines, and provide evidence for shared
decision making with patients.

The DXA-paper has been published in January 2023 (123). The clear decline in BMD-
values in the observation group could lead to an even greater focus on patients with
fractures or with a high risk of fractures. However, the low and equal fracture
incidence over a decade seem to advocate for observation without treatment in patients
without organ involvement.

Although tedious, the SIPH study has demonstrated that it is possible to carry out long
term RCT’s to answer many of the still unanswered clinical questions around mild
PHPT. Generally, the indications for PTX in mild PHPT have increased over time. The
data from the SIPH-study support the safety of observation without PTX in a ten-year
perspective.
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Future Perspectives

Although PHPT is a common endocrine disorder, the long-term natural course in mild
disease is still largely unknown beyond 10 to 15 years. The changing clinical facets of
this disease during the last decades have led to an array of different studies with
different severity of PHPT. The suggestion of the last international workshop to
further define asymptomatic disease into two separate categories and to standardize
target organ involvement makes future studies with well-defined groups possible. Both
asymptomatic PHPT without organ involvement and normocalcemic PHPT are groups
in need of further studies, preferably in a randomized controlled setting.

The unclear correlation between DXA values and fractures is a concern and studies to
predict fracture risk in mild PHPT is needed. The role of the new techniques for
evaluation of biomechanical properties of bone, such as TBS, HRpQCT, FRAX and
biochemical bone markers of bone turnover needs further elaboration in PHPT.

The timing and efficiency of other bone active treatments in relation to PTX for PHPT
is still unknown. Many patients continue to have low bone density after PTX and the
timing of bisphosphonates, Denosumab and Romosozumab in these patients will be of
interest for further research.

The low frequency of nephrolithiasis and kidney failure in our study highlights the
need to develop tools to understand the risk of renal manifestations.

With updated current guidelines in hand, there is also a need to evaluate barriers in
compliance and knowledge of international guidelines.

The current calcium-threshold of 1 mg/dl (0.25 mmol/L) above the reference range is
arbitrary and further studies to evaluate the optimal calcium value for PTX are needed.
The role of free calcium and whether, or how to, use albumin-correction for calcium
levels needs clarification.

The single patient included in the SIPH study with parathyroid carcinoma highlights
the need for better diagnostic tools to separate this rare, but important disease from its
common counterpart of PHPT.

In terms of the neurocognitive effects of PHPT, there is a further need to develop and
validate disease specific methods. These tools should capture typical symptoms and
signs of the disease in a way that reversibility by PTX could be demonstrated, if
present. Even though such a questionnaire has recently been developed, it is still
necessary with further development, validation and translation, as well as usage in a
proper randomized controlled setting. The PHPQoL does not include cognitive
functions and this important aspect was not investigated in the SIPH-trial. Studies to
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evaluate cognitive impairment, especially in older individuals with PHPT is lacking. If
mild PHPT leads to a cognitive decline over time this would change the management
of mild PHPT.
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ABSTRACT

Primary hyperparathyroidism (PHPT) was previously considered a disease presenting with multiorgan involvement and a wide range
of symptoms. Today, the disease presents with no symptoms or mild symptomatology in most patients. Data regarding nonspecific
symptoms such as pain, fatigue, memory loss, depression, and other neuropsychiatric signs have been ambiguous, and results from
prospective long-term randomized control trials are lacking. The Scandinavian Investigation on Primary Hyperparathyroidism (SIPH)
is a prospective randomized controlled trial (RCT) with 10-year follow up, comparing parathyroidectomy (PTX) to observation without
any treatment (OBS). From 1998 to 2005, 191 patients with mild PHPT were included from Sweden, Norway, and Denmark. A total of
95 patients were randomized to PTX and 96 to OBS. The generic Short Form-36 survey (SF-36) and the Comprehensive Psychopath-
ological Rating Scale (CPRS) were studied at baseline, 2, 5, and 10 years after randomization. After 10 years, the PTX group scored sig-
nificantly better on vitality (PTX 65.1 & 20.2 versus OBS 57.4 & 22.7; p = .017) compared to the OBS group in SF-36. We found no
differences between the groups in the physical subscales. The OBS group had no significant change in any of the SF-36 scores
throughout the study. The CPRS showed an improvement of symptoms in both groups for single items and sum scores after 10 years
compared to baseline. There were, however, no significant differences between the two groups in the CPRS data. The results of this
large and long-term RCT indicate improvement in some of the mental domains of SF-36 following PTX. However, the treatment
effects between the groups were subtle with uncertain clinical significance. The observation group had stable SF-36 values and
improvement in CPRS symptom-scores. Thus, in considering only quality of life (QoL) and in the absence of declines in renal and skel-
etal parameters, it may be safe to observe patients with mild PHPT for a decade. © 2020 American Society for Bone and Mineral
Research (ASBMR).

sd1y) SUORIPUOY PuE SUIL, Y1 99§ “[€20Z/10/LZ] U0 ATe1qrT QuIuQ AJ[IA *0ISO JO AISIATUN £Q 661+ WAN/ZO0T" 0T /10p/w0d K 1av ATeqE[auI[uO"Twiqse/:Sdny WOy PapRo[umod * T 10T ‘189¥ETST

10)/w0Y" KA[TM’ K1RIqT]

P!

KEY WORDS: PARATHYROID-RELATED DISORDERS; CLINICAL TRIALS; PTH; HYPERCALCEMIA; RANDOMIZED CONTROLLED TRIAL

Received in original form May 27, 2020; revised form September 28, 2020; accepted October 7, 2020; Accepted manuscript online October 30, 2020.

Address correspondence to: Mikkel Pretorius, MD, Section of Specialized Endocrinology, Oslo University Hospital, Oslo, Norway. E-mail: mikkel.pretorius@ous-hf.no
Additional Supporting Information may be found in the online version of this article.

TAH and JB are joint final authors.

Journal of Bone and Mineral Research, Vol. 36, No. 1, January 2021, pp 3-11.

DOI: 10.1002/jbmr.4199
© 2020 American Society for Bone and Mineral Research (ASBMR)

ASUDIT suowro)) dAnear) aqedsrdde ayy Aq pauIoA0S a1 SI[INIE Y 3N JO SA[NI 10] AIRIqIT dUNUQ AJ[IA UO (SUONT


https://orcid.org/0000-0002-9017-5116
https://orcid.org/0000-0003-1560-5195
https://orcid.org/0000-0003-4535-5043
https://orcid.org/0000-0003-3407-3657
https://orcid.org/0000-0003-1626-4169
https://orcid.org/0000-0002-3443-884X
mailto:mikkel.pretorius@ous-hf.no
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fjbmr.4199&domain=pdf&date_stamp=2020-11-22

Introduction

rimary hyperparathyroidism (PHPT) is a common endocrine
disorder among the elderly, especially among women.”
Nowadays, most patients present with subtle or nonspecific symp-
toms in the developed societies,® but classic symptoms with mul-
tiorgan involvement and a wide range of symptoms are still
present in some areas.>* The change in clinical presentation is
mainly due to increasing availability of routine analyses of serum
calcium levels.®® Parathyroidectomy (PTX) is the only curative
treatment of PHPT with a high success rate,") and should be
offered to patients with clear indications, such as osteoporosis or
kidney stones.”) However, because most patients do not present
with such indications, observation with regular follow-up is recom-
mended to most patients with the common, mild form of PHPT .27
Patients with chronic endocrine diseases, such as PHPT, have
decreased quality of life (QoL). This is seen also in patients with
mild PHPT, and positive effects of curative surgery for PHPT have
been found in observational studies.®™'® However, in short-term
randomized controlled trials (RCTs), the results have been
unclear with ambiguous findings.”'~'® Most studies were based
on generic questionnaires, because disease-specific question-
naires were developed and validated only recently."® The
disease-specific primary hyperparathyroidism quality-of-life
questionnaire (PHPQol) seems reliable, and correlates well with
generic surveys and is sensitive to calcium related symptoms.'¥
So far, the PHPQoL has not been tested in randomized studies,
but a treatment effect of PTX was recently demonstrated in an
observational study." Due to the ambiguous results, symptoms
related to cognition and neuropsychiatric manifestations have
hitherto not been an indication for treatment.>” However,
long-term QoL results from well-designed controlled RCTs might
have an impact on the guidance of patients with mild PHPT.
Disease activity is remarkably stable in mild PHPT1¢'®
accordance with a set point error in the calcium-PTH regulation.
In mild PHPT, decision on management refers to calcium levels
rather than PTH, the metabolic active hormone.*” Calcium fluxes
easily in different tissues, whereas PTH binds to the specific recep-
tors PTHR1 and PTHR2. Both receptors are widely expressed in the
body, including in the brain.?%?" The distribution of PTHR1 and
PTHR2 in the human brain indicates involvement in the regulation
of fear, anxiety, the release of pituitary hormones, and nocicep-
tion.?? Thus, central nervous system (CNS)-related symptoms
might reflect PTH as well as calcium levels, and potentially both.*®
The Scandinavian Study on Primary Hyperparathyroidism (SIPH)
was developed in the 1990s based on the NIH-initiated, first inter-
national workshop on management of asymptomatic (mild)
PHPT?* with the first patient included in 1998. QoL results, based
on 2-year data, did not demonstrate a clear benefit of surgery com-
pared with observation without intervention, in the SIPH study.(m
Ten years of follow-up concluded in 2016, and we here present
the end of study results on QoL and neuropsychiatric symptoms
from the hitherto largest and so far longest lasting RCT on the topic.
The aim of this study was to investigate the long-term effect of
PTX compared with observation without intervention, in patients
with mild PHPT. Moreover, we aimed to investigate if changes in
calcium or PTH levels had an impact on QoL over time.

in
(19)

Patients and Methods

Participants

The SIPH trial (clinical trials.gov: NCT00522028) was a prospective
randomized controlled trial with 10-year follow-up. The

Table 1. Baseline Characteristics of the Patients Available for QoL

Analysis

Characteristic PTX (n = 89) OBS (n = 90)

Age (years), 627 £ 79 63.1+74
mean + SD

Gender, n (%)
Female 76 (85.4) 77 (85.6)
Male 13 (14.6) 13 (14.4)

s-Calcium (mmol/L), 2.65 + 0.11 2.64 + 0.11
mean =+ SD?

s-Calcium (mg/dL), 10.62 + 044 10.58 + 0.44
mean =+ SD?

p-PTH (pmol/L), 10.16 + 4.08 10.55 4+ 4.26
mean + SD

s-Creatinine (pmol/L), 814+ 174 79.7 = 13.90
mean + SD

SF-36 domains,
mean + SD
Physical functioning 73.82 £ 2339 7743 £ 20.75

(PF)

Role physical (RP) 64.32 + 41.09 67.97 + 40.41
Bodily pain (BP) 69.66 + 29.07 69.95 + 28.27
General health (GH) 64.19 + 22.70 66.74 + 20.60
Vitality (VT) 5427 + 26.18 60.06 + 26.61
Social functioning (SF) 81.68 + 23.74 83.88 + 22.96
Role emotional (RE) 64.15 + 40.22 7191 £ 41.10
Mental health (MH) 74.23 £ 19.77 74.74 £+ 23.04

CPRS sum score 20.17 + 16.14 19.44 + 16.68

Data are presented as mean + SD unless otherwise stated in the table.

OBS = observation; PTX = parathyroidectomy; p-PTH = plasma parathy-
roid hormone; QoL = quality of life; s-Calcium = serum calcium;
s-Creatinine = serum creatinine.

%s-Calcium values are albumin-corrected.

191 enrolled patients (26 males), were block randomized to
PTX (n = 95) or observation (OBS, n = 96). Patients were included
from 1998 to 2005 in Sweden, Norway and Denmark.

The focus of the study was on patients with mild (previously
termed asymptomatic) PHPT in accordance with the 1990 NIH
criteria®® for asymptomatic PHPT. Key inclusion criteria were
untreated disease, with serum calcium (s-calcium) values between
2,60 and 2.80 mmol/L and age between 50 and 80 years. Table 1
presents baseline values from the patients available for QoL ana-
lyses. The mean + SD age was 62.9 + 7.4 years and mean + SD
s-calcium value was 2.65 mmol/L £ 0.11 at inclusion.

Biochemistry

The biochemical analyses presented here (Table 1) were all mea-
sured consecutively by accredited medical biochemistry laborato-
ries according to standard protocols. Calcium levels were
measured as serum total calcium and corrected for variation in
albumin by using the following formula: calcium adjusted for albu-
min = [calcium] mmol/L — (0.02 X ([albumin] g/L — 40)). All centers
measured intact PTH (second-generation PTH assay), and levels
were converted to International System (Sl) units, when necessary.

QoL

Here, we focus on QoL throughout the 10-year study period. The
generic Short Form 36 survey version 1 (SF-36) and the Compre-
hensive Psychopathological Rating Scale (CPRS) were performed
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| FOLLOW-UP I
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\_l

Withdrawals
* Not accepting randomization n= 6
* Morbidity development n=5
* Patient’s decision n= 10
+ Inclusion/ exclusion violation= 2

' ANALYSIS

* Missing data n=3

+ Withdrawals n=27

Withdrawals
* Not accepting randomization n=2
¢ Morbidity development n=10
* Patient’s decision n=9
* Inclusion/ exclusion violation=6

SF-36 validated questionnaires:
SF-36- baseline: n= 89

SF-36 2 years: n= 75

SF-36 5 years: n= 71

SF-36 10 years: n= 62

CPRS validated questionnaires:
CPRS- baseline: n= 87

CPRS 2 years: n= 73

CPRS 5 years: n= 71

CPRS 10 years: n= 61

SF-36 validated questionaires:
SF-36 baselines: n= 90

SF-36 2 years: n= 74

SF-36 5 years: n= 70

SF-36 10 years: n= 60

CPRS validated questionnaires:
CPRS- baseline: n= 89

CPRS 2 years: n= 72

CPRS 5 years: n= 67

CPRS 10 years: n= 59

* PTX within OBS group
17 patients underwent PTX but remained in the
OBS group due to ITT principle

Fig 1. CONSORT flow diagram for study participants in the SIPH-trial. CONSORT = Consolidated Standards of Reporting Trials.

per protocol at baseline, 2,5, and 10 years following randomization.
The primary endpoint in the SIPH study was mortality. QoL was one
of two predefined secondary endpoints, the other being morbidity.

At the end of study (10 years), 129 patients remained in the
study. Enroliment, follow-up, and available data for analyses are
presented in the Consolidated Standards of Reporting Trials
(CONSORT) flowchart, see Fig. 1. Eight patients had died, 50 with-
drew, and data were missing for four patients. Figure 1 summa-
rizes the reasons for withdrawals. Fifteen patients withdrew from
the study because of developing morbidity. They withdrew
because of dementia (six patients, five in the OBS group), cancer
(four patients, two in the OBS group), cardiovascular disease (three
patients, one in the OBS group), Parkinson'’s disease (one patient

in the OBS group), and vertigo (one patient in the PTX group). Dur-
ing the course of the study, 17 patients in the OBS group under-
went PTX for various reasons. In the statistical analyses, these
crossover patients followed the intention-to-treat principle and
they were thus regarded as belonging to the OBS group.

All patients gave informed consent prior to inclusion and the
study was approved by the local ethical committees in all three
countries. The study followed the Declaration of Helsinki Il.

SF-36

The SF-36 questionnaire has 35 items that measure eight generic
dimensions of health. Four of these dimensions are mainly
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physical (Physical Functioning [PF], Role Physical [RP], Bodily Pain
[BP], and General Health [GH]). The four mental dimensions are
Vitality (VT), Social Functioning (SF), Role Emotional (RE), and
Mental Health (MH). A single question measures the change in
health over time and does not contribute to the mentioned eight
dimensions.

We used the SF-36 V1 (Ware-36). The questionnaire was trans-
lated to Swedish, Norwegian, and Danish as part of the Interna-
tional Quality of Life Assessment Project (IQOLA) to ensure
correct translation and validation across borders.?>2® All item
scores were recoded, summed, and transformed to a scale from
0 (worst possible QoL score) to 100 (best). Baseline data have pre-
viously been described compared to normative Swedish data.'®

CPRS

The original CPRS was developed almost 50 years ago®’ for eval-
uating global change in psychopathology. The 67 items covers a
wide range of psychological symptomatology. It was constructed
to be used either in full length or as a tool where subscales could
be drawn for particular psychiatric syndromes, exemplified by
Montgomery Aasberg Depression Rating Scores (MADRS).® Each
item is scored on a Likert-type scale from 0 to 7 with zero as the
best and seven as the worst scored QoL. This also allows for sum-
mative scales. Half steps were included to increase the sensitivity,
as recommended in the original CPRS.?”

The modified version of CPRS used in the present study was
developed with focus on PHPT related symptoms.?? This modi-
fied version has 17 items presented as Q1 to Q17 in Fig. 3A,B and
in a supplemental file (Supplemental Table S1).

Statistics

We fitted a linear mixed model to all available data from the
baseline, 1-year, 2-year, 5-year, and 10-year measurements for
each dimension of SF-36 and CPRS (including the sum scores).

All models included fixed effects for the treatment group, time,
and treatment X time interaction, and a random intercept.
Based on plots of the observed data, we modeled the time devel-
opment as linear from baseline to 10 years. Following model fit,
we estimated within-group mean values at baseline, 2, 5, and
10 years after baseline, mean change from baseline to 10 years,
and between-group difference in changes from baseline to
10 years, with 95% confidence intervals. Data values from this
mixed model are presented in Table 2. We also performed a test
of the null hypothesis of no difference between the PTX and OBS
groups in changes from baseline to 10 years.

Two sensitivity analyses were performed. First, we repeated
the linear mixed models after excluding postsurgery data from
the 17 patients in the OBS group who later underwent PTX dur-
ing the follow-up period. Then, we fitted the linear mixed models
with an additional fixed effect for albumin corrected s-calcium
levels and PTH levels, thus obtaining results adjusted for both.

The statistical analyses were performed with Stata/SE 16.1
(StataCorp LLC, College Station, TX, USA). All confidence intervals
and p values are two-sided.

Results

Baseline characteristics

The total cohort for the present analyses consisted of
179 patients, 89 randomized to PTX, and 90 to observation with-
out intervention (Fig. 1, Table 1). The two groups were well
matched for age, gender, s-calcium, plasma PTH (p-PTH), and
serum creatinine (s-creatinine) levels. There was no difference
in baseline values for SF-36 or CPRS between the groups.

Biochemistry

At baseling, the s-calcium levels in PTX and OBS-group were sim-
ilar (2.65 £ 0.11 mmol/L and 2.64 + 0.11 mmol/L). After 10 years,

(A) Patients randomized to parathyroidectomy —Seiie el

Physical functioning -2 years n=75

5years n=71

10years n=62

Mental health Role-physical

Role-emotional Bodily Pain

(p=0.063)

(B) Patients randomized to observation — Baseline n=90
Physical functioning 2years n=74

5 yearsn=70

10 years. n =60

L
Mental health /\ Role-physical
/ 0

/|

Role-emotional Bodily Pain

*Social Functioning

T General Health

(p=0.017)

e__

Social Functioning General Health

*Vitality

Vitality

Fig 2. Radar chart of SF-36 mean values from baseline (blue line), 2 years (orange line), 5 years (gray line), and 10 years (yellow line) in PTX group (A) and
OBS group (B). These descriptive data are calculated scores based directly on the SF-36 questionnaires. *Significant difference between baseline values
and 10-year values within group. Values of p denote treatment effect between the groups over the 10-year period.
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values and 10-year values within the group. CPRS = Comprehensive Psychopathological Rating Scale.
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the PTX group had a significant decrease in s-calcium to
2.35 mmol/L compared to baseline (p < .001). The OBS-group also
declined in s-calcium levels to 2.53 & 0.20 mmol/L after 10 years
(p =.009). When excluding the 17 patients from the OBS group
who were operated by PTX, no difference in s-calcium levels was
demonstrated from baseline to 10 years (2.61 mmol/L £ 0.10 ver-
sus 2.61 + 0.14 mmol/L; p = .932). As expected, there was a signif-
icant difference in s-calcium levels between the two groups after
10 years (p < .001).

In the PTX group PTH declined significantly from baseline
(10.16 + 4.08 pmol/L) to 10-year values (5.44 + 2.87 pmol/L;
p < .001). The OBS group had stable PTH values throughout the
study with baseline of 10.55 & 4.26 pmol/L and values at
10-year visit of 10.60 £ 5.27 pmol/L. There was a significant dif-
ference in PTH values between the groups after 10 years of
follow-up (p < .001).

SF-36

At end of study (10-year follow-up), patients randomized to PTX
scored significantly better on VT (p = .017) compared to the OBS
group (Fig. 2A and 2B). Moreover, there was a trend toward an
improvement in SF following PTX (p = .063). Within group ana-
lyses showed that VT and SF scores improved after 10 years com-
pared to baseline in the PTX group. All positive changes based on
raw data were however modest.

In the four physical subscales, we found no treatment effect
for PTX as compared to the OBS group. In general, the differ-
ences in PF, BP, GH, and RP were small and insignificant during
the study (Fig. 2). Likewise, the OBS group had stable values with-
out a significant decrease in any of the SF-36 scores throughout
the study.

In the mixed model statistics, all valid SF-36 questionnaire
derived data were included (Table 2). We also included data from
the first-year visit (97 patients). This visit was, however, not pre-
defined in the protocol for QoL evaluation. Therefore, we per-
formed a reanalysis excluding these data. The results remained
similar, with a significant treatment effect of PTX for VT
(p = .008) and a borderline effect for SF (p = .057). In a per proto-
col analysis excluding the 17 patients who underwent PTX in the
OBS group, there was a significant treatment effect between the
groups for VT (p = .013) and SF (p = .023).

The relationship between albumin corrected s-calcium levels
and SF-36 data (mixed models), showed a significant worsening
of QoL scores with higher s-calcium levels in PF (p = .021) and RE
(p = .049). There was no significant association between SF-36
data and PTH levels.

CPRS

After 10 years, there were no significant differences in any of the
items between the two treatment groups. Both groups showed
a significant decrease in the scores during the period, indicating
improvement over time. For the PTX group, there was an improve-
ment of the following symptoms: irritation (p = .009), pessimism
(p =.005), unrest (p =.031), phobias (p =.001), somatization
(p =.027), and muscle tension (p = .025) (Fig. 3A). Similarly, there
was a significant improvement in the OBS group in worry
(p = .013), unrest (p = .010), and somatization (p = .032) (Fig. 3B).

Compared to baseline, both groups showed a significant
improvement of the CPRS sum scores at the end of study. The
sum scores improved in the PTX group from a mean + SD of

18.89 + 1.46 to 16.09 + 1.59 (p = .014). Similarly, the CPRS sum
score improved in the OBS group from 19.64 + 1.43 to 16.64
+ 1.62 (p =.015). The developments of sum scores for both
groups are given in Fig. 3C. From baseline to 10 years, there
was no overall treatment effect of PTX as compared to the OBS
group (sum score difference: 0.198 + 1.68) (p = .91) (Fig. 3Q).

When excluding data in CPRS from year 1, the results were
unchanged with no treatment effect of PTX in any of the single
items or sum scores. Per protocol analysis without the 17 oper-
ated patients in OBS group had little effect on the between
group differences. The sum score for the OBS group without
these patients still showed an improvement from baseline to
end of study (p = .016).

Further, we analyzed the relationship between s-calcium
levels and CPRS values. There was no significant association
between any of the individual questions, but a trend indicating
that improvement of pessimism (p =.065) and concentration
(p = .082) was related to lower s-calcium levels. When applying
this model to PTH levels, we found an association between lower
PTH levels and better decision making (p = .004). There was a
trend toward an association between improved mood and appe-
tite with lower PTH levels (mood: p = .056; appetite: p = .063).

Discussion

Based on the end of study, 10-year data, from the hitherto largest
and longest-lasting RCT in mild PHPT, we show that long-term
observation without intervention has no harming effect on
Qol, whereas PTX leads to a modest improvement in mental
subscales of SF-36, compared to observation. Moreover, we
show by mixed models statistics a relationship between s-
calcium levels and QoL in two SF-36 domains; ie, the higher s-cal-
cium, the lower QoL. The CPRS data showed improvements in
symptoms over the years in both groups, but without any treat-
ment effect of PTX as compared to observation.

Patients with mild PHPT have decreased QoL compared to
normal controls, even before the diagnosis has become evi-
dent.®? Observational studies have indicated a positive effect
of PTX in PHPT,®® but RCT's with relatively short observation
time (up to 2years) have shown ambiguous or inconsistent
results.’'='® These findings are summarized in a recent meta-
analysis,m) where data from three randomized controlled trials
(including the SIPH study) suggested that PTX leads to improve-
ment in QoL, especially in the mental domains. Neuropsychiatric
symptoms or impaired QoL were not included as indication for
PTXin the latest consensus statements on management of mild
PHPT.*”

In the present study, the SF-36 results were remarkably stable
in both groups during the whole trial period, as also seen in nor-
mative Norwegian long-term data.*? Moreover, the within
group differences over time in our study were modest, and the
demonstrated beneficial effect of PTX in the mental domains
were minor and of questionable clinical relevance.®*? There is
no clear consensus on the minimal clinically important differ-
ence (MCID) for SF-36 data.®33% Generally, an improvement of
5% to 10% of the scale width is considered as an important clin-
ical change.es) Using the 5% cutoff, both VT (8.0%) and SF (6.5%)
would be interpreted as being a clinically important improve-
ment in this study. It is worth mentioning that none of the
dimensions in any of the two groups had a clinically important
negative change. A 10% cutoff is less likely to include false-positive
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results. By this standard, none of the SF-36 subscales in the present
study would have an MCID.

In two of the eight dimensions in SF-36, we found a relation-
ship between s-calcium levels and QoL, where higher s-calcium
values correlated to lower QoL. In the other six dimensions, no
such relations could be demonstrated by the fitted linear mixed
model. The relation between SF-36 scores and s-calcium levels is
in accordance with findings from the validation study of the dis-
ease specific PHPQoL questionnaire,"® and might point toward
the pathogenic mechanisms of the disease. Both s-calcium and
PTH levels reflect disease activity and might by themselves affect
neuropsychiatric function and QoL.?%>2339

The CPRS scores improved modestly over the years in both
groups, without any treatment effect. The modified CPRS was
developed with focus on mild PHPT with focus on neuropsychi-
atric symptoms.(zg) There is, however, still a discussion on the
specificity of PHPT-related psychometric symptoms. The modi-
fied version of CPRS used for assessing neuropsychiatric symp-
toms in this study has numerous similarities to the later
developed PHPT-specific questionnaires.'*3”) There is signifi-
cant overlap between the PHPQoL and CPRS with 14 of 16 items
being thematically identical. The major overlap between the
modified CPRS and PHPQoL strengthens the validity of the
presented data.

Because both groups improved slightly over the 10-year
period without indication of a treatment effect of PTX, the
change over time could be related to repetition of the question-
naire and recall bias. This does, however, not seem plausible
because there were 5 years between the two last assessments.
Thus, it rather reflects an age-dependent development.
Although there are no long-term normative data from this mod-
ified version of CPRS, other psychometric tools have demon-
strated an improvement of psychological well-being with
age.®® Whether the improvement is a linear curve from early
adulthood or a U-shaped curve with improvement from about
40 to 50 years of age is debatable.®*? However, for our popula-
tion with a mean age of 62 years at enrolment, it is likely that the
improvement in the CPRS-data over a decade in both groups was
due to general trends associated with aging, and not disease-
specific.

We included 1-year data as an illustration of how the difference
seems more pronounced at an earlier time point with a gradual
convergence with time (Fig. 3C). The CPRS sum scores illustrate
the potential placebo effect of surgical treatment, because a dif-
ferent course was seen in the two groups during the initial period
of the study (first year). A slight improvement was observed fol-
lowing PTX and a more pronounced worsening by observation.
Later in the study, the curves aligned and developed in parallel.
It should be emphasized that these observations did not reach
any statistical significance, but underscores the necessity of a con-
trol group and long-term observation when evaluating QoL in
patients with mild PHPT, where short-term surgical observational
studies in general favor surgical treatment.®1%

The strengths of the present study are the randomized
design, the long-term follow-up, and the use of validated
tests. Following a relatively high number of dropouts in
the initial phase of the study, the adherence to the protocol
was high. Nevertheless, there may have been a selection
bias toward subjects with improved Qol, but the dropout
rates were similar in both groups. In addition, the
intention-to-treat principle for analyses is a strength, despite

several patients undergoing PTX for several reasons during
the study. We used mixed model statistics enabling all data
points to be included, thereby increasing the sensitivity of
the statistical methods. The limitations are, however, also
numerous. First, the study was open, although randomized.
Several patients in the initial phase of the study did not
accept the randomization and withdrew. In addition, when
analyzing QoL data, several variables were analyzed and
multiplicity could influence the statistical results for single
variables. CRPS has 17 single items (and two sum scores)
and correction for multiple comparisons could be argued.
Because our overall conclusion is that there are no differ-
ences between the groups, we have presented data with-
out correction for multiple comparisons. Because the
primary endpoint of the SIPH study was mortality, no
power calculations for QoL scores were performed and
thus, a type two error cannot be excluded. It should be
emphasized that the presented data do not include an
evaluation of cognitive function, another important aspect
of PHPT.“" On the other hand, the present study is unique
evaluating the effect of PTX in a randomized design over
one decade.

In conclusion, in the span of 10 years following randomiza-
tion to observation without intervention versus PTX in mild
PHPT, QoL data by SF-36 and neuropsychiatric scores by the
modified CPRS, were remarkably stable in both groups. Only
subtle benefits of surgery were found in the mental subscales
in SF-36, of uncertain clinical significance. Thus, from a QoL
perspective it seems safe to observe patients with mild PHPT
for several years.
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ABSTRACT

Mild or asymptomatic disease is now the dominating presentation of primary hyperparathyroidism (PHPT). However, bone involvement
with decreased bone mineral density (BMD) and an increased risk of fractures has been demonstrated. Indications for parathyroidectomy
(PTX) in mild PHPT have been debated for years. There is a need of long-term randomized studies comparing PTX with observation without
intervention (OBS). Here, we present bone health data from the Scandinavian Investigation of Primary Hyperparathyroidism (SIPH), a ran-
domized controlled trial, comparing PTX to OBS. This study included 191 patients (96 OBS/95 PTX), and 129 patients (64 OBS/65 PTX) were
followed for 10 years to the end of study (EOS). BMD was measured with dual-energy X-ray absorptiometry (DXA), peripheral fractures were
noted, and spine radiographs were obtained for vertebral fracture assessment. There was a significant treatment effect of PTX on BMD com-
pared with OBS for all analyzed compartments, most explicit for the lumbar spine (LS) and femoral neck (FN) (p < 0.001). The mean changes
in T-score from baseline to 10 years were from 0.41 for radius 33% (Rad33) to 0.58 for LS greater in the PTX group than in the OBS group.
There was a significant decrease in BMD for all compartments in the OBS group, most pronounced for FN, Rad33, and ultradistal radius
(UDR) (p < 0.001). Even though there was a significant treatment effect of PTX compared with OBS, there was only a significant increase
in BMD over time for LS (p < 0.001). We found no difference between groups in fracture frequency in the 10-year cohort, neither with mod-
ified intention-to-treat (mITT) analysis nor per protocol analysis. Because BMD is only a surrogate endpoint of bone health and PTX did not
reduce fracture risk, observation could be considered a safe option for many patients with mild PHPT regarding bone health in a 10-year
perspective. © 2023 The Authors. Journal of Bone and Mineral Research published by Wiley Periodicals LLC on behalf of American Society
for Bone and Mineral Research (ASBMR).
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Introduction

rimary hyperparathyroidism (PHPT) is potentially a serious

disease with multi-organ involvement. However, in devel-
oped countries, PHPT is now most common in patients with only
mild or no obvious symptoms, due to more frequent detection
by routine clinical testing of calcium levels as part of multichan-
nel blood testing. The only curative treatment is parathyroidec-
tomy (PTX). Although there is consensus that patients with
symptomatic PHPT should be offered PTX,"" there are uncer-
tainties regarding the optimal management of patients with
mild PHPT.? This is reflected in four subsequent international
workshops addressing criteria for surgery in mild PHPT, with
extended indications over time.*®

PHPT is known to affect bone health. A continuous excess of
parathyroid hormone (PTH) increases bone turnover, potentially
leading to a decreased bone mineral density (BMD).”® Con-
versely, several studies have shown increased BMD after
PTX.5' A long-term observational study found the BMD
increase after PTX to persist for up to 15 years. The same study
also described stable lumbar spine BMD in patients without
PTX but a significant decrease in femoral neck and radial BMD
starting just before 10 years of follow-up."'® Two randomized
studies comparing PTX with observation (OBS), with a follow-
up time of 1 to 2 years, have demonstrated positive effects of
PTX on lumbar spine and femoral neck BMD but no treatment
effect on radial BMD compared with OBS.>14

There is, however, a lack of long-term randomized studies,
which are needed for deeper knowledge on how PTX affects
patients with mild PHPT over time.

We have previously presented 5-year BMD data from our pro-
spective, randomized, controlled study on patients with mild
PHPT, Scandinavian Investigation of Primary Hyperparathyroid-
ism (SIPH), comparing PTX with 0BS." A treatment effect of
PTX, compared with OBS, on bone mineral density was found
in four of five DXA compartments, but there was no significant
difference in the frequency of vertebral and peripheral fractures
between the groups.'®

The ultimate aim of the randomized SIPH study was to com-
pare the long-term (10-year) effects of PTX compared with OBS.
Recently, fracture data were presented, showing no difference
in fracture frequency between the randomization groups.'”
Here, we present the 10-year BMD data.

Materials and Methods

Participants

Between 1998 and 2005, 191 patients meeting the NIH 1991 cri-
teria for mild PHPT® were included in the SIPH study in Sweden,
Norway, and Denmark (ClinicalTrials.gov: NCT00522028). They
were randomized (in blocks of 2 to 10 patients at each center)
either to PTX (95 patients; 13 men) or OBS (96 patients;
13 men). Inclusion criteria were untreated mild PHPT, no thiazide
medication within 4 weeks of calcium and PTH measurements
for diagnosis, age 50 to 80 years, albumin-corrected calcium
between 2.60 and 2.80 mmol/L, and informed consent. Exclusion
criteria were previous neck surgery, osteitis fibrosa cystica,
serum-creatinine >130 pmol/L, kidney stones, complicated

medical conditions, psychiatric disorders, and familial forms of
hyperparathyroidism. The study has previously been described
in detail.'®

According to the protocol, the end-of-study (EOS) visit was
planned to occur 10 years after inclusion. Of the 191 patients
included, 145 patients remained in the study at the 5-year visit
and 129 patients concluded the 10-year visit. In the 10-year
cohort, 65 patients (9 men) had been randomized to PTX and
64 (7 men) to OBS. No long-term surgical complications (chronic
hypocalcemia or recurrent laryngeal nerve palsy) of PTX were
revealed. Reasons for early termination and withdrawals, as well
as the number of patients included in the EOS analyses, are
shown in Fig. 1.

Seventeen patients (17.7%) in the OBS group underwent PTX
within the 10-year study period, 4 due to medical predefined
protocol criteria and the rest due to patient’s decision or non-
protocol specified medical conditions. Thirteen of these con-
cluded the EOS visit (20.3% of the 129 patients concluding the
EOS visit, ie, of the 10-year cohort). According to a modified
intention-to-treat (mITT; including only the 129 patients in the
10-year cohort) principle, these patients remained in the OBS
group for statistical analyses.

The study was approved by the local ethics committees in the
respective countries and was conducted according to the Decla-
ration of Helsinki Il. All participants gave informed consent.

Biochemistry

Calcium, albumin, and PTH blood levels were measured locally at
each center at baseline and at the yearly visits. Data manage-
ment and albumin correction of calcium levels were performed
at the coordinating study center (Oslo University Hospital), and
the reported biochemical measurements from baseline Vvisits,
5-year visits, and 10-year visits in the case report forms (CRFs)
have subsequently been validated to find and correct for report-
ing errors.

Dual-energy X-ray absorptiometry (DXA)

BMD was measured with DXA at baseline and after 5 and 10 years.
Patients were scanned at several different centers over a time span
of almost 19 years. Standardized calibrating procedures were
applied by all centers. Printouts of all scans were sent to the coor-
dinating center. The dominating manufacturer was Lunar
(GE Healthcare, Madison, WI, USA) (270 scans, 106 patients), with
six different hardware used (Expert, DPX-L, DPX-IQ, Prodigy, Prod-
igy Advance, and iDXA). Scanners from Norland (Norland Corp.,
Fort Atkinson, WI, USA) (27 scans, 9 patients) and Hologic
(Hologic Inc., Waltham, MA, USA) (31 scans, 12 patients) were used
at one and two centers, respectively.

The BMD-T-score plot by Lundstam and colleagues, a simple tool
for detecting random (eg, typos) and systematic BMD data irregular-
ities, based on analysis of the BMD-T-score relationship,“g) was used
for DXA BMD data validation from lumbar spine (LS), femoral neck
(FN), radius 33% (Rad33), and ultradistal radius (UDR). A description
of this process is found in Supplemental File S2.
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Randomized n=191
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OBSERVATION (OBS)* n= 96

SURGERY (PTX) n= 95

(2=83, a=13) (2=82, =13)
| FOLLOW-UP I
Not in the study The 10-year The 10-year Not in the study
after 10 years cohort** n=64 cohort n= 65 after 10 years
n=32 (8=57, &=7) (8=56, #=9) n=30
* Dead n=2 * Deadn=6

* Missing data n=3
+ Withdrawals n=27|

I

\—i

Withdrawals
Not accepting randomization n=2
Morbidity development n=10
Patient’s decision n=9
Inclusion/ exclusion violation=6

* Missing data n= 1
* Withdrawals n=23

—

Withdrawals
* Not accepting randomization n= 6
¢ Morbidity development n=5
« Patient’s decision n= 10
¢ Inclusion/ exclusion violation= 2

[ AnaLYsis

Validated DXA scans
Baseline n=49 (£ =43, &'=6)
5 years n=53 (§=47, &'=6)
10 years n=63 (=56, 3'=7)

Validated DXA scans
Baseline n=49 (£=42, &'=7)
5 years n=53 (=47, &'=6)
10 years n=61 (£=53, N'=8)

* PTX within OBS group

17 patients underwent PTX but remained in the
OBS group due to ITT principle

** PTX within OBS group

For the 10-year cohort, 13 of these patients
remained in the study

Fig. 1. CONSORT (consolidated standards of reporting trials) flow diagram of the patient population in the Scandinavian Investigation of Primary Hyper-
parathyroidism (SIPH) study. @ = females; 3 = males; DXA = dual-energy X-ray absorptiometry; ITT = intention to treat.

ITT and per protocol analysis of any fracture in the 10-year
cohort

Recently, new (incidental) vertebral and peripheral fractures,
occurring after study start, were reported together with the pri-
mary endpoint of the SIPH study, mortality."” Here, we addition-
ally present an overall analysis of patients with any new fracture
in the 10-year cohort with both mITT analysis and per protocol
analysis.

Statistical analysis

Depending on data distribution, mean + standard deviation
(SD) or median (interquartile range [IQR]) were used. Differences

within and between groups regarding change in calcium and
PTH levels (baseline to EOS), were analyzed with dependent
and independent samples t test, respectively, as analyzed data
were normally distributed. A linear mixed model was fitted to
the DXA measurements from the different time points (baseline,
5 years, and 10 years). Based on the model fit, mean values for
the randomization groups at the different time points, mean
values for within-group change between baseline and 10 years,
and mean values for treatment effect of PTX compared with
OBS, from baseline to 10 years, were estimated with 95% confi-
dence interval (95% Cl). Chi-square test was used for comparing
randomization groups with regard to development of any new
fracture or not. Stata/SE 16.1 (StataCorp LLC, College Station,
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Table 1. Baseline Characteristics of the 10-Year Cohort (n = 129)

OBS PTX
(N = 64) (N = 65)
Sex
Female, n (%) 57 (89.1) 56 (86.2)
Male, n (%) 7 (10.9) 9(13.8)
Age (years) at inclusion, 615+ 6.5 60.6 + 6.9
mean + SD
Calcium® (mmol/L), 2.63 £ 0.11 2,65 +0.12
mean + SD
PTH (pmol/L), median (IQR) 9.3 (4.6) 9.5 (5.1)
Lumbar spine, mean + SD
BMD (g/cmz) (OBS = 48; 1.060 £+ 0.19 1.081 + 0.18
PTX = 47)
T-score (OBS =48;PTX=48) —1.24+163 —1.08 + 149
Femoral neck, mean + SD
BMD (g/cmz) (OBS = 46; 0.835 £ 0.11 0.834 + 0.13
PTX = 43)
T-score (OBS =46;PTX=44) —-129+089 —-1.36=+ 1.12
Radius 33%, mean =+ SD
BMD (g/cmz) (OBS = 38; 0.618 £ 0.11 0.647 + 0.09
PTX = 35)
T-score (OBS=38;PTX=35) —-147+136 —1.08+ 1.17
Ultradistal radius, mean 4+ SD
BMD (g/cmz) (OBS = 38; 0.310 £+ 0.08 0.308 + 0.07
PTX = 34)
T-score (OBS=38;PTX=34) —-198 £ 195 —2.05+ 1.63

Abbreviations: OBS = observation; PTX = parathyroidectomy;
SD = standard deviation; IQR = interquartile range; BMD = bone mineral
density.

2Albumin-corrected calcium.

TX, USA) was used for the statistical analysis. A p value <0.05 was
considered statistically significant.

Results

Baseline characteristics and biochemistry

Data presented here are from the 10-year cohort, the
129 patients who completed the EQS visit. This is in concordance
with our previously published results from the patients conclud-
ing the 5-year visit.">'® Baseline characteristics for the 10-year
cohort are shown in Table 1.

There were treatment effects on both albumin-corrected cal-
cium and PTH levels in the 10-year perspective (p < 0.001 and
p < 0.001, respectively). Even so, albumin-corrected calcium
decreased over time in both groups (OBS: mean difference
[difff —0.09 + 0.23 mmol/L, p = 0.007; PTX: mean diff
—0.30 4+ 0.20 mmol/L, p < 0.001). However, if the patients in
the OBS group who underwent PTX were excluded, there was
no significant change in calcium levels in the OBS group
(Fig. 2). There was a decrease in PTH levels over 10 years in the
PTX group (mean diff —4.64 £+ 5.04 pmol/L, p < 0.001) but no
significant change in the OBS group.

DXA

There were treatment effects of PTX compared with OBS for all
analyzed compartments with mixed model statistics of BMD
and T-scores from baseline to EOS (FN and LS: p < 0.001; forearm:
p = 0.006 to p = 0.012), as shown in Table 2. At EOS, the
between-group differences in interval change in T-scores (PTX
group compared with the OBS group) ranged from 0.41
(Rad33) to 0.58 (LS). T-score differences over time for the two
groups are illustrated in Fig. 3.

(A) CALCIUM: all patients

Baseline 5 years 10 years
(633/65°) (633/61°) (59%/60°)
2.70

2.65

2.45

2.40

2.35

2.30

Albumin-corrected calcium [mmol/L]

P(groups)<0.001

--®-- OBS-group mean with 95%Cl

Albumin-corrected calcium [mmol/L]

(B) CALCIUM: excl PTX in OBS

Baseline 5 years 10 years
(50%/65P) (49°/61°) (463/60°)
2.70

2.65

«® P=0.888

-

P(groups)<0.001

—e— PTX-group mean with 95%Cl

Fig. 2. Albumin-corrected calcium over time for (A) all 129 patients in the 10-year cohort and (B) the same after exclusion of those in the OBS group that
underwent PTX. P denotes p value for longitudinal changes from baseline to 10 years within each group. P(groups) denotes p value for longitudinal
changes between groups from baseline to 10 years. OBS = observation; PTX = parathyroidectomy. 2Number of measurements of albumin-corrected cal-
cium in the OBS group. PNumber of measurements of albumin-corrected calcium in the PTX group.
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(A) LUMBAR SPINE

Baseline (48%/48") 5 years (522/52°)
1

0.5

P<0.001

T-SCORE

#P=0.016

-2.5

s P(groups)<0.001

(C) RADIUS 33%

Baseline (38%/35P) 5 years (432/44°)
1

05

T-SCORE

P(groups)=0.006

10 years (60%/59)

10 years (492/47°)

(B) FEMORAL NECK

Baseline (46%/44)
1

5 years (50%/50°) 10 years (63%/59)

T-SCORE

-®P<0.001

s P(groups)<0.001

(D) ULTRADISTAL RADIUS

Baseline (38%/34")
1

5 years (432/44°) 10 years (49°/47°)

T-SCORE

"7 -0 P<0.001

P(groups)=0.012

--@--0BS-group mean with 95%C|I—@— PTX-group mean with 95%Cl

Fig. 3. Mean T-scores with 95% confidence intervals (95% Cl) calculated from raw data (not mixed model derived data) for both randomization groups at
baseline, 5 years, and 10 years for (A) lumbar spine, (B) femoral neck, (C) radius 33%, and (D) ultradistal radius. P denotes p value for longitudinal changes
from baseline to 10 years within each group. P(groups) denotes p value for longitudinal changes between groups from baseline to 10 years.
OBS = observation; PTX = parathyroidectomy. :Number of validated scans for each compartment in the OBS group. °Number of validated scans for each

compartment in the PTX group.

A decrease in BMD and T-score was noted for all compart-
ments in the OBS group (Table 2, Fig. 3). The mean T-score
change ranged from —0.87 (Rad33: p <0.001) to —0.22 (LS:
p = 0.045) (Table 2). BMD and T-scores also decreased in the fore-
arm compartments in the PTX group (Rad33 BMD: p < 0.001;
Rad33 T-score: p < 0.001; UDR BMD: p = 0.043; UDR T-score:
p = 0.048). The only compartment with a T-score increase in
the PTX group was LS (0.36; p < 0.001; Table 2).

New (incidental) fractures in the 10-year cohort, as per ITT
and per protocol

After exclusion of one patient with an indeterminate verte-
bral fracture,"” there were, in the 10-year cohort, 21 of
64 patients (32.8%) in the OBS group and 18 of 64 patients
(28.1%) in the PTX group with any (peripheral or vertebral)
new fracture, with no difference between groups
(p = 0.565; mITT). If the patients with PTX in the OBS group
were excluded, 17 of 51 patients (33.3%) had any new frac-
ture, with no difference between groups (p = 0.546; per
protocol).
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Discussion

In this randomized long-term study on mild PHPT comparing
PTX with OBS, we found a significant PTX treatment effect on
BMD for all analyzed DXA compartments. However, this treat-
ment effect did not lead to a lower incidence of vertebral or
peripheral fractures in patients randomized to PTX, as fracture
events were similar between randomization groups.(m Because
fracture outcome is a hard endpoint with relevance for the
patient, observation of patients with mild PHPT can be consid-
ered safe in a 10-year perspective, with no proven practical bone
health benefits of PTX. However, decreasing BMD may be a con-
cern in a longer perspective.

In accordance with our previously published 5-year BMD
data,™ a significant PTX treatment effect compared with OBS
was found for LS, FN, and UDR. Cortical bone is known for poor
recovery after PTX,2%2" and our results, showing a decrease in
Rad33 BMD in the PTX group, support this. However, the BMD
decrease curve appears flatter for the PTX group than for the
OBS group after 10 years, resulting in a significant difference
between the groups, in contrast to our 5-year data where no dif-
ference was found.""™ It seems that the positive effect of PTX
compared with OBS on BMD increases with time. Other random-
ized studies with shorter follow-up times found a positive BMD
treatment effect of PTX only on LS and the femur compart-
ments."'>' Our previously published 5-year data from the SIPH
study found a positive treatment effect of PTX compared with
OBS on LS, FN, UDR, and TB BMD."® The 10-year data reported
in this article could add Rad33 to the list of compartments with
a PTX treatment effect compared with OBS. The graphical illus-
tration of T-scores over time (Fig. 3) supports this conclusion.
We found a significant decrease in BMD in the OBS group for
all compartments in a 10-year perspective. The decrease was
most pronounced for the forearm compartments with a mean
decrease of almost one T-score unit. There are only a few obser-
vational studies with follow-up for 10 years, all with very limited
numbers of patients.'>2%22 Thus, the idea of BMD being stable
in observed patients with PHPT are based on either a short
follow-up time or very few followed patients, and our results con-
tradict this idea. There are difficulties when comparing studies,
as patients with PHPT do not constitute a homogenous group.
For example, included patients may be symptomatic and/or
asymptomatic, an obvious cause of inhomogeneity. In addition,
PHPT presentation differs between postmenopausal women
compared with premenopausal women and men,*® and there
are sex differences in patients diagnosed after the age of
50 years, with more osteoporosis in females.??

The present study was based on the NIH Consensus meeting
from 1991,%) but since then, criteria for surgery have been
extended. Based on the T-score < —2.5 at LS, FN, or Rad33 or
presence of a vertebral fracture at baseline, 38 (20 OBS/18 PTX)
of our patients in the 10-year cohort (29.5%) would have met
the 2014 criteria for surgery.® The majority met the updated cri-
teria due to low BMD. However, no difference in fracture out-
come was found among those meeting the updated surgical
criteria; eight new fractures in the OBS group and seven in the
PTX group, p = 0.942 (one patient with indeterminate vertebral
fracture excluded). Interestingly, the positive BMD effect of PTX
did not translate into reduced fracture rates compared with
OBS, which could have been expected. Per protocol analysis of
fracture frequency, with exclusion of patients in the OBS group
who underwent PTX, did not change that. Possible causes

include type 2 error or BMD representing bone density and not
bone strength. Previous studies have found BMD to be less pre-
dictive of fractures in PHPT patients,*>?® supporting the latter. A
recent large-scale, retrospective observational study found PTX
to be associated with reduced fracture risk, supporting the for-
mer.?”) However, as rightly pointed out by the authors, the retro-
spective design by itself, the lack of biochemical and bone
mineral density data, and uncertainty about the severity of PHPT
in the included patients make their conclusions uncertain. As the
BMD effect of PTX compared with OBS seems to increase with
time, a future difference in fracture outcome might appear.
There was only one hip fracture in our study population,"” a
classical fragility fracture.?®% In a recent Gothenburg register-
based study, hip fractures were the second most common frac-
ture, with a mean patient age at time of fracture of 81.1 years.*”
The low number of hip fractures in our study is likely explained
by our study population being younger. Therefore, one can
assume that more patients in our study population will suffer
from hip fractures in the future. The overall fracture incidence
increases with age,(zg) and with the BMD difference between
PTX and OBS seemingly increasing with time, a future difference
in fracture events cannot be ruled out.

This study’s main strength is its randomized, controlled design
with a follow-up time of 10 years of 129 patients with defined
mild PHPT. The study also has limitations. Because DXA scans
were obtained over a period of 19 years from several different
machines, the optimal retrieval of raw data and analysis of all
scans in one run with the same settings’® was not possible.
However, the BMD-T-score plot facilitated the identification of
random and systematic differences and made it possible to cor-
rect for most of these. Missing DXA data is also a concern, but
mixed model analysis of DXA data allowed all available data to
be used statistically, even if the patient did not have data from
all three time points. Drugs against osteoporosis were allowed
in the study. During the study, 18 of the 129 patients used
bisphosphonates at some time point (13 OBS/5 PTX), with a sig-
nificant difference between groups (p = 0.039). Despite the fact
that more patients in the OBS group received bisphosphonates
in the 10-year cohort, a treatment effect of PTX compared with
OBS on BMD was found. Likewise, estrogens were allowed but
without difference in use between the groups. The 1991 NIH con-
ference®® recommended surgery for patients with creatinine
clearance reduced by 30%, which in the pragmatic study proto-
col was defined for the age group to be reflected by a creatinine
level >130 pmol/L. The initially relatively high drop-out rate is
also a limitation. Surgically treated patients in the OBS group
can be considered a limitation but also reflects a real-world situ-
ation with some patients meeting criteria for or wanting surgery
at some stage after inclusion in the OBS group. This is also inher-
ent to the modified intention-to-treat principle used for analyses
in our study. Nevertheless, the per protocol analysis did not
change the conclusions of the study. No power calculations were
made for fractures, one of the secondary endpoints of the study.
Thus, we cannot rule out a type two error due to the study poten-
tially being underpowered as a cause of no detectable difference
in fracture rates between groups.

In conclusion, PTX showed positive treatment effects on BMD
for all analyzed compartments compared with OBS. However,
BMD can be considered a surrogate endpoint, and we could
not demonstrate a treatment effect of PTX on fractures in the
10-year cohort, neither with mITT analysis nor with per protocol
analysis. Thus, from a bone health perspective, observation can
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be considered a safe option in a 10-year perspective for the
majority of patients with mild PHPT.
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Baksidetekst

Primary Hyperparathyroidism (PHPT) is a common endocrine disorder characterized
by elevated calcium levels and inappropriately high parathyroid hormone (PTH)
levels. Mild PHPT, without apparent symptoms or signs, is now the predominant form,
probably due to an increase in measurements of both calcium and PTH.

The overall aim of this thesis was to investigate if surgical removal of the parathyroid
adenoma has an effect on long-term mortality and morbidity in mild PHPT.

In the Scandinavian Study of Primary Hyperparathyroidism (SIPH-study), we
followed 191 patients, of whom 95 were randomized to parathyroidectomy (PTX), and
96 were randomized to observation (OBS). Both groups were followed with annual
visits over a period of 10 years.

The study's primary end-point was mortality. The mortality was equal in both groups
after ten years and after an extended follow-up period of up to twenty years.

We further investigated the incidence of cardiovascular and cerebrovascular events,
fractures, malignancies, and kidney stones during the ten years of follow-up. There
were no statistical differences between the groups for these secondary outcomes.
Patient reported outcomes on quality of life indicated a subtle improvement in the PTX
group. However, this improvement was weaker than what is generally accepted to be
clinically relevant.

Lastly, we investigated the effect of PTX on bone mineral density with dual-energy X-
ray absorptiometry (DXA). Here, we found a significant treatment effect in all the
measured DXA compartments in favor of the PTX group. The OBS group had a
significant decrease in all compartments compared to baseline. However, this
difference did not transfer to an increased fracture risk over ten years.

In summary, mild PHPT seems to be a stable disease, and PTX does not appear to
reduce mortality or morbidity over the course of a decade. Observation of patients with
mild PHPT seems safe from a 10-year perspective.
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