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ABSTRACT

Camurati-Engelmann Disease (CED) is a very rare, autosomal-dominant type sclerosing bone dysplasia that is characterised by
progressive diaphyseal hyperostosis, cortical thickening of long bones, along with variable involvement of skull-base. This narrative
review synthesises the current evidence regarding clinical features, molecular basis, diagnosis, as well as management strategies of
CED. Clinically, patients having CED, usually present in childhood or adolescence age with chronic pain in limbs, proximal muscle
weakness, fatigability, along with a waddling gait, while cranial hyperostosis may lead to hearing impairment, cranial nerve deficits,
or raised intracranial pressure. Pathogenic heterozygous mutations in Transforming Growth Factor Beta 1 (TGFB1), also less
commonly Transforming Growth Factor Beta 1 (TGFB2), can cause disruption of the latency-associated peptide domain of TGF-,
which can result in excessive TGF-§ activation along with downstream dysregulation of bone remodeling pathways. Diagnosis
of CED primarily depends upon identification of typical clinical features, characteristic imaging findings of symmetric diaphyseal
sclerosis, also definitive confirmation although is done using genetic testing. Management of CED is usually symptomatic, which
is inclusive of analgesics, glucocorticoids, and emerging usage of angiotensin Il receptor blockers such as losartan. Surgical
decompression is usually reserved only for few cases which present with skull-base complications. Novel therapeutic strategies
that target TGF-B axis, including receptor inhibitors, ligand traps, as well as Rho-GTPase pathway modulators, also represent
promising options as disease-modifying treatment. Improved understanding of various molecular mechanisms for CED along
with long-term clinical outcomes is essential for enhancing patient care and quality of life. This narrative review article focuses on
uniquely merging updated molecular insights on dysregulated TGF-f signalling along with contemporary diagnostic algorithms,
emerging targeted therapies, thus providing a consolidated, clinically oriented framework which is currently lacking in existing

literature about CED.
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INTRODUCTION

Camurati-Engelmann Disease (CED) also known as, Progressive
diaphyseal dysplasia is a rare, usually autosomal-dominant
sclerosing bone dysplasia characterised by symmetric cortical
thickening and hyperostosis of the diaphyses of the long bones
and variable involvement of the skull base [1]. Clinically it often
presents in the childhood or early adulthood with progressive pain
in bone (usually of the lower limbs), proximal muscle weakness
along with waddling gait, easy fatigability, also in some patients,
cranial-nerve symptoms or hearing impairment when the skull base
is involved [1,2]. Radiography of the patient usually shows fusiform
diaphyseal hyperostosis having endosteal and periosteal new
bone formation that helps distinguish CED from other sclerosing
bone disorders [3].

Pathogenic variants in the TGFB1 gene (which encode transforming
growth factor-B1) are implicated in the majority of familial and
many sporadic cases; these mutations alter signalling of TGF-
B1 which are thought to drive the abnormal remodelling of bone
that produces diaphyseal sclerosis [4]. The clinical course is of
heterogeneous nature, few patients have severe, disabling pain as
well as progressive skull involvement, while others can have mild
or even subclinical disease; disease activity also often attenuates
in adulthood [5,6]. Management is primarily directed at control
of symptoms (analgesics, corticosteroids, bisphosphonates
and surgical decompression can be performed for skull-base
compromise cases), that is guided by clinical severity and radiologic
progression of CED [3,5].
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The condition was first identified in the early 20" century, when
Cockayne provided an early description of it in year 1920, then
Camurati suggested hereditary transmission shortly after that,
and also Engelmann subsequently contributed additional clinical
descriptions that together established the syndrome now having
their names so termed as CED [7]. From the year 1990s to 2000s,
several molecular studies identified TGFB1 mutations as the
principal cause behind CED, thus transforming understanding of
the disease from a purely descriptive clinicoradiological entity to
one with a defined molecular mechanism and enabling genotype-
phenotype correlations leading towards a targeted research into
treatment aspect [2,7]. Globally, CED is an extremely rare condition,
which is having nearby approximately 300 cases have been
reported worldwide [1,8]. The estimated incidence is almost 1 in
1,000,000 individuals [8]. The actual prevalence of CED remains
unknown because of its variable penetrance as well as phenotypic
heterogeneity [1,8].

Clinical Features and Symptomatology of Camurati-
Engelmann Disease

The CED, commonly presents in childhood or adolescence age
having various musculoskeletal symptoms [9]. Bone pain, particularly
present in the long bones, is very common and universal symptom,
that is reported in all patients of CED [9]. This pain is often described
as constant-aching, which worsens by performing any physical
activity, stress, as well as cold weather [1,9]. CED affected individuals
frequently have proximal muscle weakness, especially in the lower
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limbs, reduced muscle mass, and easy fatigability [10]. These
features thus contribute into a waddling, wide-based gait, while some
patients also demonstrate joint contractures and low body mass
index [10]. In addition to such musculoskeletal symptoms, cranial
involvement is also reported commonly in CED [1,9]. Thickening of
the skull base can lead to various neurological manifestations which
are caused by nerve compression [4,9,11]. Patients in few cases
develop hearing loss (sensorineural and/or conductive), headaches,
visual disturbances, facial palsy or proptosis, and other cranial nerve
deficits [4,12]. Increased intracranial pressure can be present, in few
severe cases of CED [11,13].

In addition to its hallmark musculoskeletal symptoms, CED usually
can also present with haematological, visceral abnormalities in few
patients [14]. A classical case report by Crisp AJ and Brenton DP,
described anaemia, leukopenia, increased erythrocyte sedimentation
rate, as well as hepatosplenomegaly, that suggest CED may not be
solely a bone disorder but may have systemic and inflammatory
features [14]. In the large review of 100 patients from 24 families,
there were few occasional occurrences of anaemia, leucopenia,
and enlarged liver and spleen [15]. More recently, a cohort-study
inclusive of 14 patients reported hepatosplenomegaly which
was present in approximately half of the patients [16]. Endocrine
dysfunction is not as such common but clinically important feature
related to CED [13]. Skull-base hyperostosis in few severe cases
might lead to hypopituitarism, as it is reported in a 20-year-old
patient who developed secondary deficiencies of growth hormone,
gonadotropins (hypogonadism), and cortisol, which is usually due
to compression from overgrowth of bone and raised intracranial
pressure [13]. Furthermore, such patients present mostly with
delayed puberty as well as short stature [13].

Genetic Classification of Camurati-Engelmann Disease
The CED, is classically classified into two subtypes that is based on
its genetic etiology. The first, common CED form is termed as Type |
CED, which is associated with heterozygous mutations in the TGFB1
gene [15,17]. These mutations often cause disruption of Latency-
associated Peptide (LAP) domain of TGF-B1, thus destabilising its
latency complex and resulting in an increase in TGF-B1 signalling
[18]. This increased TGF-B1 activation accelerates bone turnover,
which results into the characteristic hyperostosis of the diaphyses
of long bones and the skull base [15,18]. Type Il CED is referred
to genetically distinct sub-type in which no mutation of TGFB1 is
present [19,20]. More recently, few pathogenic variants are also
identified in TGFB2 in affected individuals, supporting the recognition
of a genetically distinct Type Il CED [20]. These TGFB2 mutations
also localise to the LAP domain, further resulting into increased
TGF-p2/Suppressor of Mothers Against Decapentaplegic (SMAD)
signaling, although it can also produce subtly different clinical as
well as radiographic features compared to classic TGFB1-mediated
disease [20]. Classification of Camurati-Engelmann disease based
on genetic aetiology is depicted in [Table/Fig-1] [15,17-20].

Molecular Pathogenesis and Dysregulated TGF-31
Signaling in CED

The CED usually results from heterozygous gain-of-function
mutations in the TGFB1 gene, which thereby encodes transforming
growth factor-1 (TGF-B1) in its latent form [21,22]. These genetic
mutations cluster in the LAP region or signal peptide of the pro-
TGF-B1 precursor [21]. Under normal conditions, TGF-B1 is
secreted as a latent complex, where mature cytokine is bound
to LAP (non covalently), thus preventing receptor binding until
activation is triggered [21,22]. CED-related mutations thereby affect
this latency in two main pathways [16,21]. First, mutations (such as
R218C, H222D, C225R) destabilise the latent complex, so make it
easier for TGF-B1 to become active; this leads to higher levels of
active cytokine in the extracellular space [21]. Second, few other
mutations (like L10_12dup, Y81H) cause impairment of secretion
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Features Type | CED Type Il CED References
No TGFB1 mutation;
Genetic basis | eterozygous TGFB1 TGFB2 variants [15,17,19,20].
mutations . o
identified
Affected protein | Mutations disrupt LAP TGFB2 mutations [18,20]
domain domain of TGF-B1 localise to LAP domain B
Destabilised TGF-B1
Pathogenic latency complex — T TGF-p2/SMAD [18,20]
mechanism Increased TGF-B1 signaling T
signaling
Accelerated bone Similar changes
Bone effects turnover — q|aphyseal thh subtlyv d|ffererjt [15,18,20].
hyperostosis + skull clinical/radiographic
base involvement features
Prevalence Classic and most Genetically distinct, [19,20].
common subtype less common

[Table/Fig-1]: Classification of Camurati-Engelmann disease based on genetic
aetiology.

TGFB1: Transforming growth factor beta 1, TGFB2: Transforming growth factor beta 2, TGF-B1:
Transforming growth factor beta 1, TGF-32: Transforming growth factor beta 2, LAP: Latency-
associated peptide, SMAD: Suppressor of mothers against decapentaplegic

of latent form, thus causing intracellular accumulation; yet, even
this retained mutant TGF-B1 can trigger enhanced transcriptional
activity, suggesting there may be non canonical or intracellular
signalling [16,21].

Excess activation of TGF-B1 resulting due to mutations drives
abnormal bone remodelling: canonical SMAD signalling, Rho
GTPase-mediated cytoskeletal rearrangements in pre-osteoclast
migration and osteoclastogenesis [23]. The R218C mutation
increases active Rho GTPases activity as well as cell-migration
proteins (such as integrins), promoting preosteoclast migration
along with bone resorption [23]. Moreover, osteoclastogenesis
(and corresponding resorption) is markedly enhanced in cells which
are derived from CED patients, consistent with elevated TGF-p1
signalling [21]. This imbalance between bone formation along with
excessive resorption underscores the sclerotic as well as dynamic
phenotype of bone in CED cases [21]. Molecular Pathogenesis of
Camurati-Engelmann Disease is depicted in [Table/Fig-2].

Heterozygous gain-of-function
mutations in TGFB1

v

[ Altered TGF-B1 signaling J

I
v v

Destabilized Impaired
latent complex secretion
1 Active IntraceIIuIar
TGF-B1 accumulation of TGF
Excessive activation
of TGF-31
i' ""~ f\‘ Sclerotic

[ Abnormal bone

e ;

remodeling J ; dynamic
| | bone

« Canonical SMAD signaling “

| phenotype
» Rho GTPase-mediated \
cytoskeletal rearrangements

* Pre-osteoclast migration
and osteoclastogenesis

[Table/Fig-2]: Molecular pathogenesis of Camurati-Engelmann disease [16,21-23].
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Emerging evidence suggests about genotype-phenotype
correlations in regard to CED. Mutations which are inclusive of
cysteine residues within LAP domain (e.g., C225R) are usually
associated having more severe disease due to marked destabilisation
of latent complex, sustained TGF-f1 activation [21,22]. Mutations
such as R218C have been linked usually to earlier onset as well
as progressive diaphyseal hyperostosis [23]. The mutations such
as H222D can show comparatively milder-variable expressivity [21].
However, considerable intrafamilial as well as interfamilial variability
indicates towards additional genetic-environmental modifiers which
likely influence clinical severity [21,23].

Diagnostic Approach to Camurati-Engelmann Disease
The CED is diagnosed through combination of characteristic clinical
features with pathognomonic radiology [24]. Clinically, patients usually
present having progressive pain in limb, proximal muscle weakness,
easy fatigability as well as a waddling gait; cranial involvement may
cause headache, cranial nerve symptoms or skull deformity in more
severe cases [24]. Plain radiographs show symmetrical, fusiform
diaphyseal cortical thickening along with endosteal sclerosis of
the long bones also narrowing of the medullary canal [25,26].
Hyperostosis of skull-base is common which may present before
symptoms appear prominently [11,25]. Cross-sectional imaging like
Computed Tomography (CT) defines cortical hyperostosis as well as
skull base changes, Magnetic Resonance Imaging (MRI) can point
out marrow/soft-tissue involvement while whole-body MRI has been
proposed for assessing extent of disease, also nuclear bone scans
can show increased uptake in active diaphyseal lesions [27,28].
These imaging patterns are highly suggestive so often precede or
outrank biochemical abnormalities [28].

Definitive confirmation of CED depends mainly on the genetic
testing for identifying any possible pathogenic variants in TGFB1
[29]. Identification of a heterozygous TGFB1 mutation in an affected
individual confirms the diagnosis and which further permits cascade
testing as well as genetic counselling because most familial cases are
autosomal dominant [29] . Routine laboratory tests are non specific
(which may show normal or mildly altered bone turnover markers)
also rarely bone biopsy is required [15,16]. In practice clinicians
use the combination of appropriate history, examination, classic
radiographic pattern, along with TGFB1 sequencing (usually that is
targeted single-gene testing, multigene skeletal dysplasia panels,
whole-exome sequencing when the phenotype is atypical) for making
the final diagnosis of CED [25,30]. A high index suspicion along with
early genetic confirmation of disease can help improve management,
surveillance for skull-base complications, and family counselling in
patients of CED [15]. Diagnosis of Camurati-Engelmann disease is
summarised in [Table/Fig-3] [11,15,16,24-30].

Comprehensive Management Approach for Camurati-
Engelmann Disease

Medical treatment of CED is largely symptomatic as well as
individualised [31]. Analgesics and anti-inflammatory agents are used
for managing the pain, also systemic glucocorticoids (which include
oral prednisone/deflazacort) frequently shown improvement in bone
pain, fatigability and exercise tolerance in reported series, although
long-term steroid side-effects limit their use [31,32]. In a paediatric
case series, oral prednisone resulted into significant reduction in
limb pain as well as improvement in ambulation; however recurrence
of symptoms was observed following tapering thereby highlighting
need for prolonged maintenance therapy in some patients [33].

Bisphosphonates are also under trial (which are pamidronate,
alendronate, zoledronate) having mixed results, some case reports
show benefit while others report no effect or even worsening activity,
so they are not uniformly effective [34]. In a report describing two
patients, one adult who underwent pamidronate infusion showed
minimal clinical improvement despite of radiological stabilisation,
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Diagnostic
domain Key features/Findings Notes/Utility References
® Progressive limb pain
® Proximal muscle weakness First-line
Clinical ® Eagsy fatigability diagnostic clues;
features * Waddling gait often begin [24].
e Cranial symptoms: in childhood/
headache, cranial nerve adolescence
deficits, skull deformity
* Symmetrical fusiform
Plain diaphyseal cortical thickening Classic/
radioaranh ¢ Endosteal sclerosis pathognomonic [25,26].
grapny ¢ Narrowed medullary canal imaging pattern
o Skull-base hyperostosis
Skull-base ° Hyperostogs may appear Important for
early, sometimes before ) [11,25].
changes early detection
symptoms
Computed * Defines cortical hyperostosis | Useful for severity
Tomography e Superior for skull-base assessment/ [27,28].
(e2))] evaluation surgical planning
. e Shows marrow/soft-tissue
Magnetic . Helps evaluate
Resonance nvolvement early marrow [27,28]
| h ¢ \Whole-body MRI for extent T
maging (MRI) of disease changes
Bone  Increased radiotracer Supports
Scintiaranh uptake in active diaphyseal mapping of [27].
grapny lesions active disease
Genetic testing | - Identification of dia (r?ggifg'n;ﬁows
- 9 heterozygous TGFB1 9 I [29]
(definitive test) f . cascade testing,
pathogenic variant )
counselling
* Non-specific . .
Laboratory e Normal or mildly altered Not dnagnoshc, [15,16].
tests supportive only
bone turnover markers
* Rarely required Reserved for
Bone biopsy ® Shows cortical thickening atypical/unclear [15,16].
and sclerosis cases
Genefic testing * Multi-gene dysplasia panels phenotype [25,30].
approaches ) unclear or broad
¢ \Whole-exome sequencing ) .
; testing required
for atypical phenotypes
* High suspicion + early Important when
Clinical genetic confirmation improves skull-base [15]
approach tip management, surveillance, complications '
and counselling suspected

[Table/Fig-3]: Diagnosis of Camurati-Engelmann disease 11,15,16,24-30].

whereas in another patient transient pain relief was noted without
any adequately sustained functional benefit thus, underscoring
about inconsistent therapeutic response [35].

Due to pathogenic TGFB1 gain-of-function as causation in most
cases of CED, angiotensin Il receptor blockers (such as losartan)
are emerging as a rational, steroid-sparing adjunct which is shown
in several case reports/series and small case-based reviews,
with marked symptom improvement described in some patients;
however, this evidence remains limited to case studies and small
cohorts [32,36]. In a case of an adolescent patient having an R218C
mutation, losartan therapy was associated with marked reduction in
bone pain as well as improved exercise tolerance over one year of
follow-up [32]. In another adult case refractory to corticosteroids;
addition of losartan further enabled successful steroid tapering
along with sustained symptomatic improvement [36].

Supportive measures like physiotherapy, gait training, analgesic
optimisation, regular monitoring of functional status of patient and
bone pain, along with treating various complications such as anaemia,
growth/ delayed puberty in children when present are important
components of conservative care [1,5,37]. Surgical management of
CED is reserved only for cases which have anatomical complications
such as skull-base hyperostosis and focal diaphyseal defects [38].
In a reported neurosurgical case, cranial vault decompression was
performed for raised intracranial pressure due to severe cranial
hyperostosis which further resulted into improvement of headaches
and papilloedema [39].
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Decompressive neurosurgical and otolaryngologic procedures
for cases having cranial-nerve entrapment, optic nerve, foramen-
magnum and brainstem compression, symptomatic intracranial
hypertension, along with severe craniofacial deformity may provide
neurological improvement in selected patients but are technically
challenging because of sclerotic bone and altered landmarks
outcomes [38,40]. In a case, internal auditory canal decompression
further led to stabilisation of facial nerve paresis as well as
vestibulocochlear symptoms while medullary canal drilling in a
separate adult patient having refractory diaphyseal pain provided
significant symptomatic relief [40]. So, the management approach
for CED must be personalised, while balancing symptomatic benefit
over side effects, as well as surgical intervention to be reserved only
for clearly defined anatomical indications [40].

Emerging Therapeutic Strategies for Camurati-Engelmann Disease

Emerging strategies for CED focus on methods which can directly
normalise hyperactive TGF-f axis along with its downstream effects
rather than only treating symptoms [23,41,42]. Among these
approaches, TGF-B neutralising antibodies and ligand traps are
considered closest to potential clinical translation as similar biologic
agents which target the TGF-B pathway are already undergoing
early-phase of their clinical trials in other TGF-p—-mediated disorders
thereby it helps in potentially shortening repurposing timelines for
CED [41,42]. Preclinical work results have shown that bone-targeted
delivery of TGF-B type | receptor inhibitors can cause reduction of
aberrant TGF-B signalling in bone while improving bone-remodelling
abnormalities, thus provides a proof-of-principle suggesting that
receptor-level blockade with skeletal selectivity is possible in CED
cases [42]. However, before direct human application; issues which
are related to systemic toxicity, off-target effects, dose optimisation
as well as long-term skeletal safety must be addressed through
carefully designed phase I/Il studies [41,42].

Pan-TGF-B neutralising antibodies and ligand-traps or decoy
receptors which have also demonstrated efficacy in animal models
of TGF-B-driven musculoskeletal pathology including reduction
of TGF-B-mediated muscle weakness, thus further supporting
antibody/ biologic strategies as a translational route for treatment of
CED [41]. Regulatory pathways for ultra-rare diseases such as CED
can benefit from orphan drug designation which can help to provide
incentives including market exclusivity, fee reductions as well as
accelerated review [41]. However, small number of patients along
with lack of validated surrogate endpoints remain very significant
barriers to trial design and approval [41].

More recently, few studies which implicate Rho GTPase-mediated
cytoskeletal remodelling downstream of excessive TGF-B activity
identify druggable intracellular effectors, such as inhibitors of Rho
signalling or related kinases as alternative targets for rebalancing
bone turnover [23]. These intracellular targets still remain at an
earlier stage of drug development as well as substantial preclinical
validation, biomarker identification, also multicentric patient registry
collaboration will be essential before translation into clinical trials
becomes feasible [23].

Importantly, even if biologic or targeted therapies reach upto the
level of clinical approval, patient access, cost considerations can
significantly influence real-world implementation usually in low and
middle-income settings where access to high-cost biologics is
still very limited [23,41]. Early interactions with health-technology
assessment bodies as well as exploration of repurposed-biosimilar
agents can prove helpful to mitigate these challenges [23,41,42].
Management and Emerging Therapeutic Strategies in Camurati-
Engelmann Disease are mentioned in [Table/Fig-4] [1,5,23,31,32,3
4,36,37,38,40,41,42].

Physical Quality-of-Life Limitations in Camurati-Engelmann Disease

Patients with CED experience a substantial reduction in Health-
related Quality of Life (HRQoL) that is driven usually by the presence

www.jcdr.net

[Table/Fig-41:

Intervention/ Description (based on
Category Strategy provided content only) References
Medical Analgesics and Used for symptomatic
Anti-inflammatory control of bone pain and [31].
management "
agents musculoskeletal discomfort.
Systemic Improve bone pain, fatigability,
glucocorticoids and exercise tolerance; long- [31,32]
(prednisone, term use limited by steroid- e
deflazacort) related adverse effects.
. Have shown mixed results in
Bisphosphonates . .
h case reports; may improve,
(pamidronate,
show no effect, or worsen [34].
alendronate, .
symptoms; not uniformly
zoledronate) )
effective.
Rationale based on TGFB1
gain-of-function; emerging
Angiotensin Il steroid-sparing option. Several
receptor blockers case reports show notable [32,36].
(e.g., losartan) symptomatic improvement,
but evidence limited to small
studies.
Includes physiotherapy, gait
training, analgesic optimisation,
Supportive care functional mon|tor|ng, aqd [1,5,37].
management of complications
(anemia, delayed puberty,
growth issues).
Reserved for structural
Surgical Indications comphcapons: skqll—base [38].
management hyperostosis, focal diaphyseal
defects.
Used for cranial-nerve
entrapment, optic nerve
compression, foramen
Neurosurgical magnum stenosis, brainstem
/ ENT compression, intracranial [38,40].
decompression hypertension, severe
craniofacial deformities.
Technically challenging due to
dense sclerotic bone.
Surgical Only for clearly defined anatomic
a groach indications; individualised to [40].
PP risk-benefit profile.
Preclinical studies show
. TGF-B type rledughon in a}berrant TGF—[lE
Emerging signaling and improvement in
. | receptor . e
therapeutic L bone-remodeling abnormalities; [42].
. inhibitors (bone- -
strategies demonstrates feasibility of
targeted) )
skeletal-selective receptor
blockade.
Shown efficacy in animal
Pan-TGF-p models of TGF—[}—ldnven.
neutralisin musculoskeletal disease;
ralsing reduce TGF-B-mediated [41].
antibodies / .
ligand traps muscle weakness; support
9 P potential use of biologics for
CED.
Serve as ligand traps to
TGF-B decoy neutralise excessive TGF-B [41]
receptors activity; effective in preclinical '
models.
Target downstream
Rho GTPase cytoskeletal remodeling driven
/ Rho-kinase by aberrant TGF-B signaling; 23]
pathway offer an alternative intracellular ’
inhibitors therapeutic target for restoring
bone turnover balance.

Management and emerging therapeutic strategies in Camurati-

Engelmann Disease [1,5,23,31,32,34,36,37,38,40,41,42].

of severe physical symptoms rather than by impaired mental health: a
recent SF-12-based case series found a markedly reduced Physical
Component Summary score (PCS-12 median ~29.8 vs population
mean 50.0) while the Mental Component Summary (MCS) score
was close to population norms [43]. This decrease in physical
HRQoL mirrors the high prevalence of fatigue, limb and muscle
pain, impaired gait and reduced exercise tolerance that characterise
CED which commonly limit ambulation and daily activities in patients
[1,43]. Importantly, several published case reports and series show
that symptom-directed therapies for example glucocorticoids and
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angiotensin-Ilreceptor antagonists such aslosartan, can substantially
reduce pain and improve walking capacity and exercise tolerance in
some patients [31,44]. However available evidence is largely limited
to individual case observations without any specific controlled trials
therefore magnitude and consistency of benefit remain uncertain
[31,44]. These reported improvements although very encouraging
but should be interpreted cautiously until they are validated in larger
systematic studies [31,44].

In a case series which was evaluating HRQoL in patients having CED
using the SF-12 instrument, markedly reduced PCS scores were
observed, whereas MCS scores were close to population norms
thereby indicating about physical impairment being predominant
driver of reduced HRQoL [43]. In another reported case of an 18-
year-old patient who was treated using combined glucocorticoid
and losartan therapy, significant reduction into limb pain as well
as improvement in exercise tolerance were documented thus,
accompanied by enhanced daily functional capacity [32]. Similarly,
a 27-year-old female having refractory disease further experienced
substantial pain relief along with improved mobility after initiation
of losartan as a steroid-sparing agent [45]. In a paediatric case
which was managed using losartan monotherapy, elimination of
severe bone pain and measurable improvement in walking ability
were noted thereby indirectly reflecting improvement in physical
QoL domains [46]. Collectively, all these reports demonstrate that
targeted symptomatic therapy can further translate into meaningful
functional and HRQoL gains in patients suffering with CED.

Limitation(s)

The present narrative review has certain limitations, including
dependence on case reports and small case series, absence of
systematic review methodology, and limited long-term therapeutic
outcome data due to the rarity of the disease.

CONCLUSION(S)

Camurati-Engelmanndiseaseisreally averyrare, genetically mediated
skeletal dysplasia where dysregulated signalling of TGF-B drives
progressive diaphyseal hyperostosis, diverse musculoskeletal as
well as cranial manifestations. Early diagnosis through characteristic
clinical features, radiographic patterns, also confirmatory TGFB1/
TGFB2 testing is essential for adequate management along with
family counselling. Treatment of CED remains mainly symptomatic,
which is done with glucocorticoids, losartan, supportive therapies,
and selective surgical interventions offering variable benefit.
Molecularly targeted approaches aim towards modulation of the
TGF-B pathway which hold promise as emerging disease-modifying
therapy for CED. Continued clinical research using long-term cohort
data are important for improving outcomes in affected patients.
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