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Abstract

Hypophosphatasia (HPP), a rare metabolic disorder caused by mutations in the ALPL gene, leads to deficient alkaline
phosphatase activity and presents unique clinical challenges for adult patients, including fractures, chronic pain, and dental
issues. This disorder is often underdiagnosed due to its variable clinical presentation and overlap with other conditions, further
complicating timely intervention. Early diagnosis is critical for effective management; however, current diagnostic criteria have
limitations, often resulting in delays. Insights from the Global HPP Registry reveal significant disease burden and treatment gaps
in treated and untreated adults. These insights underscore the importance of multidisciplinary approaches in addressing
HPP-related complications, including musculoskeletal and systemic manifestations. Enzyme replacement therapy (ERT) with
asfotase alfa has proven effective in reducing disease burden and improving quality of life. Recent clinical evidence suggests that
ERT not only alleviates symptoms but may also prevent disease progression when initiated early. Emerging therapies and
alternative regimens like teriparatide dosing adjustments are being explored for their potential benefits. In addition, advanced
imaging modalities and biomarker studies are improving diagnostic accuracy and monitoring of therapeutic outcomes. This
comprehensive review highlights the significant challenges and advances in diagnosing and treating HPP in adults. Ongoing
research aims to enhance diagnosis and treatment through genetic testing and personalized medicine, focusing on identifying and
addressing knowledge gaps to improve care for adult HPP patients. Collaborative efforts between researchers, clinicians, and
patient advocacy groups are crucial for driving innovation and improving access to care. Continued research and innovation are
essential, and healthcare professionals must stay informed about the latest advancements in HPP diagnosis and treatment to
ensure optimal patient care. By addressing these challenges, the field can move closer to improving the lives of adults living with
HPP.
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1. Introduction

Hypophosphatasia (HPP) is a rare, inherited metabolic ~ This enzyme plays a critical role in bone mineralization by
disorder characterized by defective mineralization of bones  breaking down inorganic pyrophosphate, a natural inhibitor of
and teeth due to mutations in the ALPL gene encoding the  bone formation. When TNSALP is deficient or dysfunctional,
tissue non-specific alkaline phosphatase (TNSALP) enzyme. inorganic pyrophosphate accumulates, leading to improper

“Corresponding author: sandeepbolla@gmail.com (Sandeep Bolla)

Received: 10 December 2024; Accepted: 3 January 2025; Published: 22 January 2025

@ Copyright: © The Author(s), 2025. Published by Science Publishing Group. This is an Open Access article, distributed
@ under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



http://www.sciencepg.com/journal/ijgg
http://www.sciencepg.com/journal/116/archive/1161301
http://www.sciencepg.com/
https://orcid.org/0009-0007-1717-4604

International Journal of Genetics and Genomics

http://lwww.sciencepg.com/journal/ijgg

bone mineralization and a spectrum of clinical manifestations
ranging from perinatal lethality to mild, late-onset forms in
adults [1, 2].

The diagnosis and treatment of hypophosphatasia in adults
present unique challenges and are of significant clinical im-
portance for several reasons. Adult-onset HPP is often un-
derdiagnosed or misdiagnosed due to its variable presentation
and overlap with more common conditions such as osteopo-
rosis, osteoarthritis, and other metabolic bone diseases. This
can lead to inappropriate treatments that may exacerbate the
condition, such as bisphosphonates, contraindicated in HPP.
Therefore, raising awareness and improving diagnostic crite-
ria for adult-onset HPP is crucial for ensuring patients receive
accurate diagnoses and appropriate management [3, 4].

Globally, the prevalence of HPP is estimated to range from
1 in 100,000 to 1 in 300,000 live births, with the adult form
being less frequently recognized but not necessarily less
common. The exact number of adults living with HPP remains
uncertain due to underdiagnosis and misclassification of the
disease. However, it is estimated that thousands of adults
worldwide suffer from this condition, potentially more, given

the increasing recognition of the milder phenotypes [5-7].

In recent years, significant advances have been made in
understanding the genetic and molecular mechanisms under-
lying HPP, leading to the development of novel therapeutic
approaches. One of the most notable advancements is intro-
ducing ERT with asfotase alfa, a recombinant human
TNSALP, which has shown promise in improving clinical
outcomes in pediatric and adult patients with HPP [2].

Given the clinical complexities, the potential for misdiag-
nosis, and the advances in therapeutic options, it is imperative
to comprehensively review the challenges and recent devel-
opments in diagnosing and treating hypophosphatasia in
adults. This review aims to provide a detailed overview of the
current understanding of HPP, discuss the difficulties en-
countered in clinical practice, and highlight the latest ad-
vances in diagnostic and therapeutic strategies, ultimately
guiding better clinical decision-making and improving patient
outcomes. Ultimately, this review aims to enhance patient
outcomes and quality of life by promoting informed clinical
decision-making and identifying areas for future research.
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Figure 1. Key processes in mineralization and HPP.

(a) Primary Mineralization and Matrix Vesicles (MV):
Mineralization begins in matrix vesicles (MV), which are
osteoblast membrane buds. Inorganic phosphate (Pi) is pro-
duced within the MV by PHOSPHO-1 acting on PChol and
PEA, transported by Pit-1. Pi combines with calcium to form
hydroxyapatite crystals, causing MV rupture and further
mineralization in the extracellular matrix on collagen fibrils.

Pyrophosphate (PPi) inhibits mineralization, while TNAP
promotes it by hydrolyzing PPi and providing Pi. In HPP,
Phase 1 is normal, but high PPi levels due to deficient TNAP
inhibit skeletal matrix mineralization. Elevated phosphory-
lated OPN also inhibits mineralization in HPP mouse models.

(b) Severe and Mild HPP Cases: Severe HPP: Blocked
calcium and Pi entry into the skeleton elevates serum levels,
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reduces PTH, and causes hypercalciuria. Mild HPP: Elevated
Pi levels are due to increased renal phosphate reabsorption.
TNAP may directly affect renal phosphate reabsorption,
compete with PPi, or involve altered phosphatonin levels.

(c) Vitamin Bg Metabolism and CNS: Only pyridoxal
5'-phosphate (PLP) can act as a cofactor in the CNS. PLP must
be dephosphorylated to pyridoxal (PL) by TNAP to cross the
blood-brain barrier. Inside cells, PL is rephosphorylated to
PLP by pyridoxal kinase, which is essential for GABA syn-
thesis.

1.1. Genetic and Molecular Mechanisms
Underlying Hypophosphatasia (HPP)

HPP is a metabolic disorder caused by mutations in the
ALPL gene, which encodes the TNSALP. TNSALP is an
enzyme crucial for bone mineralization, playing a vital role in
the hydrolysis of organic pyrophosphate to inorganic phos-
phate. Mutations in the ALPL gene can produce an abnormal
or insufficient amount of functional TNSALP, resulting in the
accumulation of pyrophosphate in the body. This accumula-
tion inhibits bone and tooth mineralization, leading to the
clinical manifestations of HPP [8, 9].

The genetic basis of HPP is highly variable, with over 300
mutations identified in the ALPL gene. These mutations can
affect different parts of the gene, leading to a spectrum of
disease severity. The most common mutation is a deletion of
the entire gene, but other mutations, including missense,
nonsense, frame-shift, and splice-site mutations, have also
been reported. Each mutation contributes to the heterogeneity
observed in HPP phenotypes, ranging from perinatal lethality
to adult-onset milder symptoms [8-10].

1.2. Epidemiology, Including Prevalence and
Incidence Rates, with a Focus on
Adult-onset HPP

The exact prevalence and incidence rates of HPP are chal-
lenging to determine due to the condition's rarity and varia-
tions in diagnostic criteria. Globally, HPP is estimated to
affect approximately one in 20,000 individuals, although this
figure likely underestimates the actual number of cases due to
underdiagnosis and misdiagnosis, especially in adults.
Adult-onset HPP is less commonly diagnosed than pediatric
forms, partly because the symptoms may be less pronounced
or mistaken for other conditions.

The incidence rate of HPP varies depending on the popu-
lation studied and the method of ascertainment. In regions
with well-established newborn screening programs, the inci-
dence of severe forms of HPP (such as perinatal lethal HPP)
may be lower due to the identification and intervention for
milder forms during infancy. However, the incidence of
adult-onset HPP remains largely unknown, as it is often not
systematically recorded or recognized [5, 6, 10].

1.3. Clinical Spectrum and Heterogeneity of
Disease Presentations in Adult

In adults, HPP can present with a wide range of symptoms,
from asymptomatic individuals to those experiencing osteo-
malacia, dental problems, and occasionally fractures. The
clinical spectrum of adult-onset HPP reflects the heterogene-
ity of the disease, influenced by the type and location of the
ALPL gene mutation, as well as environmental factors. Clin-
ical presentation of adults with HPP are provided below:

Asymptomatic: Some adults with HPP may remain undi-
agnosed throughout their lives, especially if they carry a
milder form of the disease.

Osteomalacia: Characterized by bone pain, muscle weak-
ness, and fractures, typically occurring in the weight-bearing
bones of the legs.

Dental Problems: Premature loss of baby teeth and delayed
eruption of permanent teeth, along with periodontal disease,
are common.

Fractures: Increased susceptibility to fractures, particularly
stress fractures, due to decreased bone mineral density.

The heterogeneity of HPP presentations in adults under-
scores the importance of a comprehensive clinical evaluation,
including family history, physical examination, and labora-
tory tests to assess ALP activity and genetic testing to confirm
the diagnosis. Early diagnosis and appropriate management
are crucial for improving the quality of life and preventing
complications in adults with HPP [10, 11].

2. Current Diagnostic Criteria and Tools
for HPP in Adults

HPP diagnosis in adults is challenging due to the hetero-
geneous presentation of the disease, which can mimic more
common conditions. The current diagnostic criteria for HPP
include clinical features, biochemical markers, genetic testing,
and imaging studies.

Adults with HPP often present with a history of premature
tooth loss, recurrent fractures, or chronic musculoskeletal
pain. The adult form of HPP can range from mild to severe,
making it essential to recognize subtle signs that may not be
immediately associated with metabolic bone disease. Recog-
nizing a combination of symptoms, such as stress fractures in
the feet, unexplained pain, and a family history of similar
symptoms, can be crucial.

Biochemical markers: Key biochemical markers include
low serum alkaline phosphatase (ALP) activity, elevated
substrates of ALP such as pyridoxal 5°-phosphate (PLP), and
phosphoethanolamine (PEA). Low ALP is a hallmark of HPP,
but normal levels can occasionally be observed, especially in
milder forms or due to laboratory variability. Elevated PLP, a
form of vitamin Bg, is a more specific marker for HPP when
ALP levels are ambiguous. Routine blood tests, however,
might not always include these particular markers, leading to
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missed diagnoses.

Genetic testing: Genetic testing for mutations in the ALPL
gene, which encodes TNSALP, is critical for confirming the
diagnosis of HPP. Over 300 mutations have been identified,
contributing to the disease's variability. Genetic testing helps
distinguish HPP from other conditions with similar clinical
and biochemical profiles. It also aids in identifying carriers
and informing family members about potential genetic risks.

Imaging studies: Imaging studies such as X-rays, bone
scintigraphy, and MRI can reveal characteristic features of
HPP, including metaphyseal dysplasia, pseudofractures, and
osteopenia. Advanced imaging techniques like dual-energy
X-ray absorptiometry (DEXA) scans may show low bone
mineral density. Still, these findings are non-specific and can
overlap with other conditions like osteoporosis [8, 12-14].

Common misdiagnoses and differential diagnose

The clinical overlap of HPP with other disorders often leads
to misdiagnosis. Conditions frequently mistaken for HPP
include:

Osteoporosis: Patients with HPP may receive bisphospho-
nates, a standard osteoporosis treatment contraindicated in
HPP due to worsening bone mineralization.

Osteomalacia: Like HPP, osteomalacia involves defective
bone mineralization but typically presents with elevated ALP
levels, helping to distinguish between the two.

Rheumatoid Arthritis and Other Rheumatic Diseases:
Chronic joint pain in HPP can be misinterpreted as inflam-
matory arthritis, leading to inappropriate treatments that do
not address the underlying metabolic defect.

Differentiating HPP from these conditions requires a
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thorough clinical evaluation, including a detailed patient
history, biochemical analysis, and targeted genetic testing [15,
16].

3. Role of Genetic Testing, Biochemical
Markers, and Imaging in the Diagnosis
Process

Genetic testing provides a definitive diagnosis by identi-
fying ALPL gene mutations. A pathogenic mutation confirms
HPP and can help stratify the risk among family members
(Figure 2). Genetic counseling is often recommended to dis-
cuss the implications of the findings and potential family
planning considerations.

Biochemical markers: Biochemical markers play a vital
role in the initial screening and diagnosis of HPP. Low ALP
activity and elevated PLP and PEA levels strongly suggest
HPP. These markers are essential for distinguishing HPP from
other metabolic bone diseases and guiding further genetic
testing.

Imaging: Imaging complements biochemical and genetic
testing by providing visual evidence of bone abnormalities
typical of HPP. While DEXA scans can indicate low bone
density, specific radiographic findings like pseudofractures
and metaphyseal dysplasia are more indicative of HPP. MRI
can be particularly useful in assessing bone quality and de-
tecting subtle fractures not visible on X-rays [15].

Rescue therapy

Figure 2. Alkaline phosphatase regulates lineage switching of mesenchymal stem cells by modulating the LRP6/GSK3p complex in hypo-

phosphatasia [17].
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Evaluation of limitations and gaps in current diagnostic
practices

Under recognition and misdiagnosis: The rarity of HPP and
its clinical overlap with more common conditions lead to
underdiagnosis. Many clinicians are not familiar with HPP,
resulting in misdiagnosis and inappropriate treatment.

Variability in clinical presentation: HPP's wide range of
symptoms and severity complicates diagnosis. Milder forms
may go unnoticed or be mistaken for other musculoskeletal
disorders.

Biochemical variability: ALP levels can vary, and normal
ranges may not account for age, sex, and individual variability.
Additionally, routine laboratory tests may not include specific
markers like PLP.

Genetic testing accessibility: Genetic testing may not be
readily available in all healthcare settings, and the interpreta-
tion of results requires specialized knowledge. The cost of
genetic testing can also be a barrier.

Lack of awareness: Healthcare providers and patients
generally lack awareness about HPP, its symptoms, and the
importance of early diagnosis and appropriate treatment.

Gaps need for comprehensive guidelines: There is a need
for standardized, comprehensive guidelines for diagnosing
and managing adult-onset HPP to ensure consistent and ac-
curate diagnosis across different healthcare settings.

Education and Training: Increased education and training
for healthcare providers on recognizing and diagnosing HPP
are essential. This includes understanding the clinical
presentation, appropriate use of biochemical markers, and the
role of genetic testing.

Research and Data Collection: More research is needed to
understand the full spectrum of HPP in adults, including ep-
idemiological studies to determine its true prevalence. Better
data collection on patient outcomes and treatment efficacy
will also inform clinical practice.

In conclusion, diagnosing hypophosphatasia in adults re-
quires a multifaceted approach involving clinical assessment,
biochemical testing, genetic analysis, and imaging studies.
Addressing the current limitations and gaps in diagnostic
practices through education, comprehensive guidelines, and
research will improve diagnostic accuracy and patient out-
comes, ensuring that individuals with HPP receive the ap-

propriate care [1, 15, 18].

4. Current and Emerging Treatment
Strategies for HPP

4.1. Traditional Management Approaches and
Their Limitations

In adult HPP management, traditional approaches have
centered around alleviating symptoms and providing sup-
portive care, given the absence of targeted therapies aimed at
the root enzymatic defect until recent developments. The
cornerstone of these traditional strategies encompasses
symptomatic treatment pain management through analgesics
like nonsteroidal anti-inflammatory drugs (NSAIDs) and
opioids, albeit with caution regarding the latter's potential for
dependency and side effects as shown in Table 1. Bisphos-
phonates, once erroneously applied under the misconception
of HPP resembling osteoporosis, are now recognized as con-
traindicated due to their propensity to aggravate bone miner-
alization issues. Orthopedic interventions, including fracture
management via casting and surgical fixation, alongside joint
replacement surgeries in severe cases of joint deterioration,
represent another facet of care.

However, these interventions are often complicated by the
poor bone quality and delayed healing characteristics of HPP
patients. Physical therapy and rehabilitation, featuring cus-
tomized exercise programs designed to enhance mobility and
muscle strength, play a crucial role but must be meticulously
planned to prevent exacerbation of bone pain or risk of frac-
tures. Despite these efforts, traditional management strategies
fail to address the underlying cause of HPP, resulting in lim-
ited efficacy in halting disease progression. The misuse of
bisphosphonates underscores the imperative for precise di-
agnosis to steer clear of unsuitable treatments. Moreover, the
reliance on analgesics and orthopedic measures frequently
fails to achieve comprehensive pain relief and functional
improvement, leaving patients with a substantial disease
burden [2, 19].

Table 1. Traditional management approaches for hypophosphatasia (HPP) in adults.

Treatment Approach Description
Use of NSAIDs, opioids, and

Pain Management L
neuropathic pain agents

Orthopedic Interven-
tions

Standard procedures for frac-
tures, joint replacements

Customized exercise programs

Physical Therapy and fall prevention strategies

Benefits
Provides symptomatic relief
from chronic pain

Manages acute fractures and
severe joint damage

Improves mobility, muscle
strength, and overall function

Limitations
Risk of dependency (opioids), side
effects, and incomplete pain relief

Complicated by poor bone quality, de-
layed healing

Risk of exacerbating bone pain or in-
ducing fractures
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4.2. Role and Efficacy of Enzyme Replacement
Therapy (ERT) with Asfotase Alfa

The advent of ERT with asfotase alfa has revolutionized the
treatment landscape for HPP. Asfotase alfa is a recombinant
form of human TNSALP designed to address the underlying
enzyme deficiency in HPP.

Asfotase alfa works by supplementing deficient alkaline
phosphatase, thereby reducing the accumulation of inorganic
pyrophosphate and promoting normal bone mineralization.
This directly targets the pathophysiological mechanism of
HPP, offering a disease-modifying approach rather than
merely symptomatic relief [20]. The possible mechanism of
action of Asfotase Alfa in HPP treatment is shown in Figure 3.

Hypophosphatasia (HPP): Mutations in the ALPL gene

Defective TNSALP enzyme.

Poor Bone Mineralization

Asfotase alfa restores the enzyme's normal function,
breaking down inorganic pyrophosphate.

Proper bone mineralization and improves skeletal health.

Figure 3. Possible mechanism of action of asfotase alfa in HPP Treatment.

Clinical trials and real-world studies have demonstrated
significant benefits of asfotase alfa in adult HPP patients [26]:

Reduction in Fractures: Asfotase alfa has been shown to
reduce the frequency of fractures and improve the healing of
existing fractures.

Pain Relief: Patients report substantial reductions in bone
pain, enhancing their quality of life.

Improved Mobility and Function: Enhanced bone quality
and strength improve physical function and mobility.

Overall Skeletal Health: Long-term use of asfotase alfa
supports sustained improvements in skeletal health, reducing
the risk of complications associated with poor bone mineral-
ization.

Pain Management:

Adjunctive Analgesics: While ERT addresses the underly-
ing cause, additional analgesics may still be needed for re-
sidual pain management.

Neuropathic Pain Agents: Medications such as gabapentin
or pregabalin may be used for nerve-related pain.

Physical Therapy: Customized Exercise Programs: Ongo-
ing physical therapy tailored to the patient’s capabilities and

limitations helps maintain muscle strength, joint function, and
overall mobility. Physical therapists can provide training on
balance and coordination to reduce the risk of falls and sub-
sequent fractures.

Surgical Interventions: Despite improvements with ERT,
surgical management of fractures may still be necessary.
Surgeons must be aware of the unique bone properties in HPP
to optimize outcomes. For patients with severe joint damage,
joint replacement surgeries may be more successful with
improved bone quality under ERT.

Asfotase alfa is currently approved for treating perinatal,
infantile, and juvenile-onset HPP, where it helps restore en-
zyme activity and improves bone mineralization. However, its
efficacy in late-stage HPP remains a challenge, as the treat-
ment is less effective in patients with advanced bone deform-
ities or severe mineralization defects. In these cases, the
therapeutic benefits may be limited, and further research is
needed to explore alternative strategies for managing
late-stage HPP.
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4.3. Assessing the Potential of Emerging
Therapies and Ongoing Clinical Trial

4.3.1. Gene Therapy

Mechanism: Gene therapy for HPP aims to correct the
underlying genetic defect by delivering functional copies of
the ALPL gene to patients' cells. This approach targets the
root cause of the disease, potentially providing a long-term or
permanent solution. Gene therapy for HPP is in the early
stages of development, with preclinical studies showing
promise. These studies involve delivering the ALPL gene
using viral vectors to correct the enzyme deficiency in animal
models. If successful, gene therapy could offer a one-time
treatment that restores normal enzyme function, reduces or
eliminates the need for ongoing treatments like ERT, and
addresses the root cause of HPP.

Challenges: Significant challenges include ensuring safe
and effective gene delivery, long-term therapeutic gene ex-
pression, and avoiding immune responses to the viral vectors
or the introduced gene product [13, 21].

4.3.2. Small Molecule Therapies

Mechanism: Small molecule therapies aim to enhance re-
sidual ALP activity or stabilize the mutant enzyme in HPP
patients. These molecules could increase the enzyme's effec-
tiveness or prevent its degradation. Research into small mol-
ecule therapies is in the preclinical and early clinical trial
stages. Various compounds are being investigated for their
ability to enhance ALP activity or stabilize the enzyme. Small
molecule therapies could provide an oral treatment option that
is less invasive and more convenient than ERT. They may also
be more affordable, improving accessibility for patients.

Challenges: Identifying effective compounds and ensuring
their safety and efficacy in humans are significant hurdles.
Additionally, these therapies must be carefully tailored to
avoid off-target effects and adverse reactions [2, 5, 22].

4.3.3. Combination Therapies

Mechanism: Combining ERT with other therapeutic mo-
dalities, such as bone anabolic agents or anti-resorptive drugs,
aims to enhance overall treatment efficacy and address re-
sidual symptoms that ERT alone may not fully resolve. Sev-
eral clinical trials are exploring the effectiveness of combina-
tion therapies. These studies are investigating the synergistic
effects of combining ERT with drugs that promote bone for-
mation or inhibit bone resorption. Combination therapies
could provide a more comprehensive approach to managing
HPP, improving bone density, reducing fracture risk, and
enhancing overall patient outcomes.

ERT has emerged as a pivotal treatment for various genetic
disorders characterized by enzyme deficiencies, particularly
lysosomal storage diseases and certain metabolic conditions.
Since the 1990s, ERT has been successfully applied to treat
many rare diseases, most of them being lysosomal storage

diseases or metabolic diseases. The production of therapeutic
enzymes primarily utilizes mammalian cell cultures, with
some derived from plant cells and yeasts, followed by pro-
cessing to enhance activity, bioavailability, and stability.
Challenges in optimizing ERT include improving enzyme
interaction with cell membranes, facilitating cellular uptake,
reducing immunogenic responses, and overcoming the
blood-brain barrier when targeting neuronal cells. Despite
these challenges, ERT has demonstrated efficacy and safety,
significantly improving patient quality of life and survival
rates. Ongoing research focuses on enhancing delivery
mechanisms and expanding the range of treatable conditions
through ERT [23].

HPP is a metabolic disorder resulting from reduced or ab-
sent activity of the TNSALP enzyme, due to pathogenic var-
iants in the ALPL gene. The clinical presentation of HPP
varies widely, ranging from severe forms in neonates and
infants to milder manifestations in adults. Diagnosing HPP in
adults is particularly challenging because symptoms can be
mild and non-specific, leading to underdiagnosis or misdi-
agnosis, especially among clinicians unfamiliar with this rare
condition. The absence of formal diagnostic guidelines for
adults further complicates consistent diagnosis. To address
this, the HPP International Working Group conducted a liter-
ature review, identifying six diagnostic findings with a prev-
alence over 50%, which were considered for major diagnostic
criteria. After discussions, they proposed four major and five
minor diagnostic criteria for adult HPP. They recommend that
a diagnosis in adults should include either two major criteria
or one major and two minor criteria [24].

HPP is a rare metabolic disorder caused by pathogenic
variants in the ALPL gene, leading to low activity of TNSALP.
Diagnosis remains challenging due to the lack of formal
guidelines for children, adolescents, and adults. The Interna-
tional HPP Working Group identified key diagnostic criteria,
with the highest agreement on pathogenic ALPL variants,
elevated natural substrates, and early loss of primary teeth,
organizing these into three major and six minor criteria for
diagnosis [25].

Challenges: Determining the optimal combination of
therapies, dosages, and treatment regimens is complex. There
is also a need to monitor for potential drug interactions and
cumulative side effects.

Ongoing clinical trials explore several promising treatment
strategies for HPP. Gene therapy trials aim to evaluate the
safety, efficacy, and long-term benefits of delivering func-
tional ALPL genes to patients, with successful outcomes
potentially leading to regulatory approval and widespread use.
Small molecule therapy trials focus on identifying compounds
that enhance ALP activity or stabilize the mutant enzyme,
with early-phase trials assessing safety and dosage and lat-
er-phase trials evaluating the efficacy and long-term benefits.
Positive results could result in new, convenient oral medica-
tions for HPP. Combination therapy trials investigate the
synergistic effects of combining ERT with other drugs, as-
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sessing bone density, fracture rates, and quality of life im-
provements. Success in these trials could establish new
standard-of-care protocols incorporating combination thera-
pies for optimal HPP management [11].

5. Conclusion

The diagnosis and treatment of HPP in adults present sig-
nificant challenges, but recent advances offer promising so-
lutions. Diagnostic difficulties arise due to the variability of
symptoms and the need for specialized tests, such as genetic
analysis and specific biochemical markers. Despite these
challenges, ERT with Asfotase alfa has revolutionized treat-
ment, significantly improving patient outcomes by addressing
the enzyme deficiency at the root of the disease. However,
ERT's high cost, long-term safety concerns, and variability in
patient response highlight the need for ongoing research and
development of alternative therapies. Emerging treatments,
including gene therapy, small molecule therapies, and com-
bination therapies, are currently under investigation in clinical
trials. Gene therapy aims to provide a long-term solution by
correcting the underlying genetic defect, while small mole-
cule therapies offer the potential for less invasive, more af-
fordable treatment options. Combination therapies seek to
enhance the effectiveness of ERT and provide comprehensive
management of the disease. Ongoing clinical trials are critical
in evaluating these innovative therapies' safety, efficacy, and
long-term benefits. Successful trials could lead to new
standard-of-care protocols, making advanced treatments more
accessible and practical for HPP patients. As research pro-
gresses, these advancements hold the potential to significantly
improve the diagnosis, management, and overall quality of
life for adults living with hypophosphatasia.
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