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Abstract

Background Fahr’s disease and syndrome are rare disorders leading to calcification of the small arteries in the basal
ganglia of the brain, resulting in a wide range of symptoms comprising cognitive decline, movement disorders and
neuropsychiatric symptoms. No disease-modifying therapies are available. Studies have shown the potential of
treatment of ectopic vascular calcifications with bisphosphonates. This paper describes the rationale and design of
the CALCIFADE trial which evaluates the effects of etidronate in patients with Fahr’s disease or syndrome.

Methods The CALCIFADE trial is a randomised, placebo-controlled, double-blind trial which evaluates the effects
of etidronate 20 mg/kg during 12 months follow-up in patients aged > 18 years with Fahr's disease or syndrome.
Etidronate and placebo will be administered in capsules daily for two weeks on followed by ten weeks off. The study
will be conducted at the outpatient clinic of the University Medical Center Utrecht, the Netherlands. The primary
endpoint is the change in cognitive functioning after 12 months of treatment. Secondary endpoints are the change
in mobility, neuropsychiatric symptoms, volume of brain calcifications, dependence in activities of daily living, and
quality of life.

Results Patient recruitment started in April 2023. Results are expected in 2026 and will be disseminated through
peer-reviewed journals as well as presentations at national and international conferences.

Conclusions Fahr's disease and syndrome are slowly progressive disorders with a negative impact on a variety of
health outcomes. Etidronate might be a new promising treatment for patients with Fahr's disease or syndrome.

Trial registration ClinicalTrials.gov, NCT05662111. Registered 22 December 2022, https://clinicaltrials.gov/ct2/show/
NCT01585402.
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Background

Fahr’s disease and syndrome are rare disorders leading
to calcification of the small arteries in the basal ganglia
of the brain, resulting in a wide range of symptoms com-
prising cognitive decline, movement disorders (ataxia,
dystonia, Parkinsonism), neuropsychiatric symptoms
(depression, anxiety, psychosis) and various other signs
(migraine, speech disorders, pain, seizures) [1]. The age
of onset varies, but generally is between 30 and 50 years
with a gradual progression of symptoms [1]. Symptom-
atic patients have an increased risk for dependence in
activities of daily living and impaired quality of life [2].
Fahr’s disease is also known as Primary Familial Brain
Calcifications (PFBC). Thus far, pathogenic mutations in
six genes have been identified causing PFBC: four dom-
inantly-inherited genes (SLC20A2, XPR1, PDGFB and
PDGEFRB) and two recessively inherited genes (MYORG
and JAM?2) [3]. Also, a number of other causes of calci-
fications of the basal ganglia are known, including for
example infectious, metabolic/endocrine, and toxic
diseases [4]. When the calcifications are secondary to
another cause, the term Fahr’s syndrome is used. Initially,
Fahr’s disease was considered a rare disease with a preva-
lence of 4.5 per 10,000, however, new genetic and imag-
ing studies suggest a prevalence of 2.1 to 6.6 per 1,000 [5,
6]. This implies underdiagnosis probably due to heteroge-
neity and even lack of symptoms and limited familiarity
among patients and physicians.

Treatment of Fahr’s disease or syndrome focusses on
symptom management, for example with antidepres-
sants or physiotherapy. To date, no disease-modifying
drugs are available. The precise pathophysiologic mech-
anism that results in the calcifications of small arteries
remains to be established [7]. Several studies have shown
the potential of treatment of vascular calcifications with
bisphosphonates, for example using etidronate [8—13].
Etidronate is a first-generation bisphosphonate that can
be used for the treatment of bone diseases associated
with excessive bone resorption, like osteoporosis [14].
Bisphosphonates are known as structural analogues
of inorganic pyrophosphate (PPi), which is known to
be the strongest inhibitor of vascular calcifications [7].
First-generation bisphosphonates have a closer chemical
structure to PPi in comparison to more modern bisphos-
phonates [14]. Therefore, researchers have taken a special
interest in studying the effects of etidronate to treat path-
ological calcifications [8—15]. For example, two clinical
trials performed in haemodialysis patients showed that
etidronate suppressed or even reduced vascular calcifica-
tion [11, 12]. A randomised, placebo-controlled trial in

patients with Pseudoxanthoma Elasticum (PXE), a rare
hereditary systemic calcification disorder, demonstrated
that etidronate can effectively halt the calcification pro-
cess [8, 9]. Furthermore, etidronate has been used for
prenatal therapy in pregnant women in whom a diagnosis
of Generalised Arterial Calcification of Infancy (GACI)
was suspected, aiming to decrease perinatal mortality
[10, 16].

Against this background bisphosphonate therapy might
be a potential treatment for patients with Fahr’s disease
or syndrome as well, with etidronate being most promis-
ing. The primary objective of this randomised, placebo-
controlled, double-blind trial is to determine whether
etidronate treatment during 12 months can halt or atten-
uate deterioration of cognitive functioning in patients
with Fahr’s disease or syndrome. Secondary objectives
are to determine the effects of etidronate on mobility,
neuropsychiatric symptoms, volume of brain calcifica-
tions, dependence in activities of daily living, and qual-
ity of life. This paper describes the design and rationale of
the CALCIFADE trial.

Methods

Study design

The CALCIFADE trial (an acronym for ‘treatment of
CALClfications in FAhr’s DiseasE') is a randomised, pla-
cebo-controlled, double-blind trial comparing the effects
of etidronate versus placebo in patients with Fahr’s dis-
ease or syndrome. The study is conducted at the outpa-
tient clinic of the University Medical Center Utrecht
(UMCU), which is an academic hospital in The Nether-
lands. This is the center in which most Dutch patients
with Fahr’s disease and syndrome are seen. Patient
recruitment started in April 2023. This study has received
funding from the Dutch Brain Foundation (in Dutch:
Hersenstichting, grant number DR-2021-00387).

The study is registered at the Dutch Central Committee
on Research Involving Human Subjects (CCMO) (regis-
tration number NL83131.041.22), ClinicalTrials.gov (reg-
istration number NCT05662111), and EudraCT-database
(registration number 2022-003299-17).

Participants

Patients will be recruited at the outpatient clinic of the
UMCU and by recruitment through (social) media, for
example using the UMCU website, the Dutch Fahr soci-
ety for patients, newsletters, yearly patient days, and con-
ferences. In total, 98 patients will be recruited (a sample
size calculation is included in the ‘Statistical analyses’
section).
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In order to be eligible to participate in this study, a sub-
ject must meet the following inclusion criteria: (1) age of
18 years or over, (2) clinical diagnosis of Fahr’s disease or
syndrome. No international accepted diagnostic criteria
for Fahr’s disease or syndrome exist yet. It is diagnosed
mostly based on the clinical presentation. For the pres-
ent study the following criteria are used: (a) presence of
clinical symptoms consistent with a clinical diagnosis of
Fahr’s disease or syndrome and (b) bilateral calcifications
of the basal ganglia as seen on a CT-scan of the head,
which cannot be (solely) due to the natural ageing pro-
cess. Furthermore, the next criteria are supportive for the
clinical diagnosis of Fahr’s disease, but not mandatory:
(c) a positive family history for Fahr’s disease, and (d)
the presence of a (likely) pathogenic variant in one of the
PFBC-related genes.

Exclusion criteria are: (1) unable or unwilling to sign
an informed consent, (2) severe renal impairment (esti-
mated glomerular filtration rate (eGFR) of <30 ml/
min/1.73m2 calculated using CKD-EPI equation),
(3) contraindication to receiving oral medication (for
example severe dysphagia), (4) known abnormality of
the oesophagus that would interfere with the passage of
the drug (for example oesophageal strictures or achala-
sia), (5) known sensitivity to etidronate, (6) pregnancy,
women with an active pregnancy wish<1 year, or women
who are breastfeeding at the time of inclusion, (7) inabil-
ity to undergo a Dutch neuropsychological assessment
(for example, non-fluent Dutch speakers or severe visual,
hearing or motor impairment), (8) any other medical or
social condition that puts the subject at risk of harm dur-
ing the study or might adversely affect the interpretation
of the study data, (9) use of bisphosphonates during the
last 5 years, (10) hypocalcaemia (calcium <2.20 mmol/L),
and 11) 25-OH vitamin D deficiency<35 nmol/L. After
correction of hypocalcaemia or vitamin D deficiency, a
participant is again suitable for participation.

Subjects can leave the study at any time for any rea-
son if they wish to do so without any consequences. The
investigator can decide to withdraw a subject from the
study for urgent medical reasons. Individuals withdrawn
from the study (for any reason) will be replaced.

Intervention

Patients will be randomised to either daily, oral, etidro-
nate 200 mg capsules 20 mg/kg for two weeks on fol-
lowed by ten weeks off during 12 months (4 cycles in
total), or an identical product without the active phar-
macological substance (placebo) in the same cyclical
regimen. The number of capsules will be rounded up
to the nearest quantity that is divisible to 400 mg. We
are expecting to switch to 400 mg capsules during the
study period when they can be manufactured in order
to further enhance patient medication adherence, as the
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number of capsules prescribed per day will be reduced.
Patients will be instructed to take their study medication
on an empty stomach in the morning with a full glass of
water and sit upright for 30 min afterwards.

Etidronate is a known and safe drug, generally well
tolerated and side effects are mild. The most reported
side effects are transient musculoskeletal pain and gas-
tro-intestinal side effects like diarrhoea, dyspepsia and
oesophageal erosions. However, a systematic review
revealed that there was no additional risk for gastro-
intestinal problems associated with bisphosphonate use,
if administered properly [17]. A rare side effect is osteo-
necrosis of the jaw. This side effect has been reported
mostly in patients with cancer receiving chemotherapy
and corticosteroids [18]. Theoretically, etidronate could
have an effect on calcium homeostasis and bone turn-
over. Therefore, calcium, phosphate and vitamin D will
be included as safety measures [19]. The relatively high
dosage of etidronate used in this study protocol is equal
to the dosage used in studies in patients with other rare
hereditary calcification disorders [8, 9, 15].

Etidronate and the matching placebo will be produced
by Pharmacy Al5, the Netherlands. The products will
be packaged and shipped to the clinical trial pharmacy
of the UMCU. At every follow-up visit participants will
be asked to take any redundant product and the empty
packaging material, to monitor drug adherence.

Randomisation will be performed 1:1 using computer-
generated block randomisation with variable block sizes
by the Clinical Drug Research Unit of the UMCU. Both
patients and researchers will be blinded for allocation
arm during treatment. Deblinding of study medication
of individual participants is only possible in the case of
a medical emergency in which deblinding has conse-
quences for the medical treatment of the participant.

Outcome measures

The primary endpoint is the change in cognitive func-
tioning in patients with Fahr’s disease or syndrome
treated with etidronate compared to placebo between
baseline and 12 months after baseline. Cognitive func-
tioning is measured by means of a standardized neu-
ropsychological test battery covering global cognitive
functioning and three cognitive domains; (1) memory, (2)
attention and speed of information processing, and (3)
executive functioning.

Global cognitive functioning is assessed with the Dutch
version of the Montreal Cognitive Assessment (MoCA)
[20]. Memory with the Dutch Rivermead Behavioral
Memory Test Stories immediate and delayed recall [21,
22], and with the Rey Complex Figure test immediate and
delayed recall [23]. Attention and speed of information
processing with the third edition of the Wechsler Adult
Intelligence Scale (WAIS-III) Digit Span Forward [24],
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Trail Making Test A [25], and Stroop I and II [26]. Execu-
tive functioning with the WAIS-III Digit Span Backward,
Trail Making Test B and Stroop III, semantic [27] and let-
ter [28] fluency and social cognition with the FEEST [29].
A certified neuropsychologist will perform these tests.

An observational pilot study at our center (data not
published yet) showed that patients with Fahr’s disease or
syndrome (1=26) often have deterioration of global cog-
nitive functioning (mean MoCA 24.6 (out of 30); 32% of
patients MoCA <24). Cognitive domains that were most
often impaired are memory (35% of patients), attention
and speed of information processing (46% of patients),
and executive functioning (42% of patients).

Secondary endpoints are the change in mobility, neu-
ropsychiatric symptoms, volume of brain calcifications,
dependence in activities of daily living, and quality of life
in patients with Fahr’s disease or syndrome treated with
etidronate compared to placebo between baseline and 12
months after baseline. Mobility symptoms are assessed
with the condensed version of the Balance Evaluation
Systems Test (Mini-BESTest) [30, 31], which is a com-
posite test of gait and balance, by the research physician,
and Unified Parkinson’s Disease Rating Scale (UPDRS)
part III (motor examination) [32] by a physiotherapist.
Neuropsychiatric symptoms are assessed with the Neu-
ropsychiatric Inventory [33] by the research physician
and with the Geriatric Depression Scale-15 [34, 35] by
the neuropsychologist. Daily functioning is assessed with
the Katz-15 scale [36] and quality of life with the 36-item
Short Form Health Survey (SF-36) [37] by the research
physician.

Table 1 Overview of data collection during study period
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To determine the change in brain calcification vol-
ume, participants will be scanned on the IQon CT or
CT7500 (Philips Healthcare) from skull base to vertex.
Tube voltage will be 120 kVp and the tube current will
range depending on patient size. Only non-contrast CT
will be used to slice thickness<1 mm. Images will be
visually assessed in bone setting (centre: 300 Hounsfield
Units— width: 1600 Hounsfield Units). Volume of the
calcifications in the brain will be measured with stan-
dard software (Philips Intellispace Portal v11). Calcifi-
cations are defined as hyperdense lesions with a density
above 130 Hounsfield Units. Care will be taken that all
patients are scanned on the same scanner before and
after treatment for all their investigations so that inter-
scan differences can be avoided. In addition to volume
measurements, a CT-based calcification score will be cal-
culated as proposed by Nicolas et al. [38] Calcification is
graded from 0 (no calcification) to 5 (serious and conflu-
ent) in specific locations of the brain; lenticular, caudate,
thalamus nuclei, subcortical white matter, cortex, cere-
bellar hemispheres, vermis, midbrain, pons, and medulla.
The total calcification score (ranging from 0 to 80) is
obtained by adding all location-specific points. [38].

Data collection

Table 1 shows an overview of data collection during
the study period. Most data collected during the study
period is part of standard of care at the outpatient clinic
of the UMCU, as indicated in Table 1. At baseline, data
will be collected on past medical history, family history,
and medication use. A physical examination, laboratory

Screening Treatment period

Visit 1 Visit2 Cycle 1¢ TC1

Cycle 2¢ TC2 Cycle 3¢ Cycle 4° Completion visit

Weeks of study drug exposure N/A  N/A  Week 0-12 Week 12 Week 13-24 Week 24 Week 25-36 Week 37-48 Week 49
Informed consent X

Medical history xX*

Medication review X*

Physical examination X* X*
Laboratory measurements X* (x)P X xX*
CT-scan brain X* X*
Neuropsychiatric assessment X* X*
Cognitive assessment X* X*
Mobility assessment X* X*
ADL assessment X* X*
Quality of Life assessment X* X*
Randomisation X

Administer study drug X X X X

Adverse event monitoring X X X X X X X X X

Abbreviations: TC=telephone consultation, ADL=activities of daily living

% Each cyclus starts with etidronate 20 mg/kg for two weeks on and ten weeks off or placebo for two weeks on and ten weeks off

B After correction of a hypocalcaemia or vitamin D deficiency, a participant might be eligible for inclusion again

* Activities marked with an asterisk are considered part of standard of care
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tests, a CT-scan of the brain and tests to evaluate cogni-
tive functioning, mobility, neuropsychiatric symptoms,
dependence in activities of daily living, and quality of
life will be performed at baseline and after 12 months
of follow-up. If a patient drops out prematurely, an exit
visit will be scheduled if possible. Additional safety blood
analysis will be done at six months for the purpose of this
study. Table 2 provides an overview of laboratory tests
performed during the study period. Extensive infectious
disease serology is performed at baseline to evaluate
the presence of any other causes of brain calcifications
(Fahr’s syndrome) and is part of standard of care. If infec-
tious disease serology has already been performed in a
patient in the last recent years, the research physician
will decide whether these tests must be repeated at base-
line. At three and six months, patients will be scheduled
for telephone consultations for evaluation of treatment

Table 2 Overview of laboratory measurements during study period
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compliance and side effects. Researchers will be blinded
during data collection.

Castor will be used as electronic data capture system.
Digital files will be stored in a secured Research Folder
Structure of the UMCU. Data monitoring will be per-
formed by an independent external party (Julius Clinical).
Comprehensive data management and monitoring plans
were drafted and are available from the corresponding
author upon request.

Statistical analyses

Researchers will be blinded during data analysis.
Descriptive data will be presented as categorical (n, %),
normally distributed continuous (mean=*standard devia-
tion), or non-normally distributed continuous variables
(median, interquartile range), as appropriate. A relatively
small trial as the CALCIFADE trial is subject to a greater
chance of imbalance in baseline characteristics than

Screening Treatment period
Visit1 Visit2 Cycle1* TC1 Cycle2® TC2 Cycle3* Cycle4® Com-

ple-
tion
visit

Weeks of study drug exposure N/A N/A Week Week 12 Week Week 24 Week Week Week

0-12 12-24 25-36 37-48 49

Calcium X* P X X*

Magnesium x* X X*

Phosphate X* X X*

Aluminum X* X*

Creatinine (and eGFR) X* X X*

ASAT X* X X*

ALAT x* X xX*

Albumin X* (x)® X X*

CRP X* X*

Complete blood count X* X*

ESR X* X*

Ferritin X* x*

PTH X* X*

25-OH-vitamin D X* 0P X X*

Copper X*

Zinc X*

Tuberculosis (Quantiferon) X*

Brucella antibodies X*

HIV 1/2 antibodies p24 antigen X*

Rubella IgG & IgM X*

CMV QDNA X*

Human herpesvirus type 6 QDNA X*

Human herpesvirus type 8 DNA X*

Abbreviations: TC=telephone consultation, eGFR=estimated glomerularfiltration rate, ASAT =aspartate transaminase, ALAT =alanine transaminase, CRP=C-reactive
protein, ESR=erythrocyte sedimentation rate, PTH=parathyroid hormone, HIV=human immunodeficiency virus, |g =immunoglobulin, CMV=cytomegalovirus, (Q)

DNA = (quantitative)deoxyribonucleic acid

% Each cycle starts with etidronate 20 mg/kg for two weeks on and ten weeks off or placebo for two weeks on and ten weeks off

B After correction of a hypocalcaemia or vitamin D deficiency, a participant might be eligible for inclusion again

* Activities marked with an asterisk are considered part of standard of care
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larger trials. Currently, covariate adjustment is a standard
statistical approach in randomised-controlled trials [39].
Therefore, adjustment for baseline covariates will be per-
formed in the primary/main analysis of the primary end-
point, as appropriate. Both the unadjusted and adjusted
effects will be analysed and presented.

For the primary endpoint, composite Z-scores will
be calculated for (1) global cognitive functioning, (2)
memory, (3) attention and speed of information process-
ing, and (4) executive functioning using normative data
form the Advanced Diagnostics Infrastructure [40]. The
differences in change in cognitive functioning between
baseline and 12 months will be compared between the
intervention and placebo groups and will be tested using
multivariate (linear regression) analyses using as covari-
ates baseline composite Z-scores and limited other
relevant prognostic factors (as will be finalized in the
statistical analysis plan before database lock). The mean
treatment effect (difference between treatment and pla-
cebo) with its 95% confidence intervals will be reported.
Etidronate therapy is considered effective if the mean
treatment effect is significant (p<0.05) and clinically rel-
evant. A clinically relevant treatment effect is defined as a
difference of >0.3 points in the mean change from base-
line for the composite Z-scores for global cognitive func-
tioning and/or one or more cognitive domains between
the treatment and placebo group. As there are no pub-
lished data on the natural course of neuropsychological
functioning of patients with Fahr’s disease, the 0.3 points
difference of the composites was based on populations
with similar neuropsychological profiles as we suspect in
Fahr’s disease: Parkinson’s disease and Chronic Solvent
induced Encephalopathy, and using a comparable neuro-
psychological assessment as this study [41-43].

For the secondary endpoints, the same strategy will
be used as for the primary endpoint. Missing data will
be handled by multiple imputation, where appropriate.
A subgroup analysis will be performed in patients with
confirmed genetic mutations directly affecting the (inor-
ganic) phosphate (Pi) homeostasis (SLC20A2, XPR1 and
PDGFRB). Studies in animals have shown that the Pi/PPi
ratio is a key factor in the development of mineralisation
[44—46]. SLC20A2, XPR1 and PDGRB play an impor-
tant role in phosphate transport and a mutation in one of
these genes results in accumulation of Pi [7]. Elevated Pi
levels are associated with reduced rates of PPi accumula-
tion, which is known as a key inhibitor of vascular cal-
cification [45]. As etidronate is a molecular homologue
of PPi, we hypothesise patients with a mutation in one of
these genes may potentially benefit more from etidronate
treatment [7].

An interim analysis of safety measures will be per-
formed by the Data Safety Monitoring Board of the
UMCU. This interim analysis will be performed on side
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effects, laboratory values and CT-scans of the brain
when 25%, 50%, 75%, and 100% of included patients
has reached a follow-up of 6 or 12 months. If anything
occurs, on the basis of which it appears that the disad-
vantages of participation may be significantly greater
than was foreseen in the research proposal, the study
will be suspended pending further review by the Medical
Ethical Review Committee, except insofar as suspension
would jeopardise the subjects’ health.

Sample size calculation
In total, a sample size of 88 patients (44 treatment and
44 placebo) is needed to detect a clinically relevant differ-
ence of 0.3 points in the mean change from baseline for
the composite neuropsychological test score between the
treatment and placebo group, assuming a standard devia-
tion of 0.5, with a power of 80% and a two-sided alpha
of 0.05. With an expected dropout rate of 10% during the
course of the trial, inclusion of 98 patients is required.
All statistical analyses will be performed using IBM
SPSS Statistics, version 27.0.

Ethical considerations

The study will be conducted according to the principles
of the Declaration of Helsinki (Fortaleza, Brazil, Octo-
ber 2013) and in accordance with the Dutch Medical
Research Involving Human Subjects Act (WMO) and
the requirements of Good Clinical Practice (GCP). This
study has received ethical approval from the Dutch Med-
ical Ethical Review Committee NedMec (registration
number 22-1005/Gm-G) and CCMO. Written informed
consent will be obtained from all participants by the
research physician.

Results

Recruitment of participants started in April 2023. Results
are expected in 2026 and will be disseminated through
peer-reviewed journals as well as presentations at
national and international conferences.

Discussion

Fahr’s disease and syndrome are slowly progressive dis-
orders with a negative impact on a variety of health out-
comes. Currently, no disease-modifying therapies are
available.

Only case studies of modest quality have been pub-
lished previously regarding bisphosphonate use in
patients with brain calcifications. In 1998, a case report
was published reporting the use of etidronate in a 59
year old man with PFBC, which improved speech and
gait, but did not affect his spasticity, dystonia, ataxia, or
amount of cerebral calcification quantified by CT-scan
[47]. In 2006, another study was published regarding
etidronate use in two patients with brain calcifications:
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(1) an 8 year old boy who received chemotherapy and a
bone marrow transplantation for acute myelogenous leu-
kaemia and had progressive cerebral calcifications, who
developed symptoms of headaches and seizures, and
(2) a 45 year old woman with a calcified cavernous hae-
mangioma who had symptoms of multiple seizure types.
Both patients showed improvement of symptoms when
treated for 6 months, but no change in cerebral calcifica-
tions was observed after 12 months [48]. The most recent
study (published in 2016) described a case series of 7
patients with primary brain calcifications treated with
alendronate. In some cases symptoms improved, espe-
cially among younger patients. However, there were no
changes in cerebral calcifications [49].

The positive effect of bisphosphonate therapy in other
hereditary arterial calcification syndromes, including
PXE and GACI, combined with the few case reports of
etidronate or alendronate use in patients with brain
calcifications, suggests that etidronate might be a new
promising treatment for patients with Fahr’s disease or
syndrome.

Conclusion

The CALCIFADE trial is a randomised, placebo-con-
trolled, double-blind trial which will evaluate the effect
of etidronate on cognitive functioning, mobility, neu-
ropsychiatric symptoms, volume of brain calcifications,
dependence in activities of daily living, and quality of life
in patients with Fahr’s disease or syndrome during 12
months follow-up. To our knowledge, the CALCIFADE
trial will be the first trial evaluating a potential therapy in
patients with Fahr’s disease or syndrome.
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ACDC Arterial Calcification due to CD73 deficiency

CCMO Central Committee on Research Involving Human Subjects
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PXE Pseudoxanthoma Elasticum

SF-36 36-item Short Form Health Survey

UPDRS Unified Parkinson’s Disease Rating Scale
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