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Abstract

Introduction: Porphyrias are rare genetic disorders caused by heme biosynthesis
pathway enzyme mutations, leading to porphyrin precursors build up in various tissues

and diverse symptoms. This review centers on acute hepatic porphyrias (AHP).

Methods: A MEDLINE via Pubmed database literature review was conducted.
Systematic reviews, clinical trials, cohort studies, case-control studies, expert reviews,

and guidelines were preferred for analysis.

Results: There are four types of AHP: acute intermittent porphyria, variegate porphyria,
hereditary coproporphyria, and §-aminolevulinic acid dehydratase deficiency porphyria.
These conditions primarily present as neurovisceral attacks, characterized by severe
abdominal pain, neuropsychiatric symptoms or skin lesions, predominantly affecting
women aged 15 to 50. The diagnostic methods include biochemical tests that assess
urinary levels of aminolevulinic acid and porphobilinogen. Additionally, measuring
porphyrin levels in urine or feces can provide more insights into the type of AHP;
however, a definitive diagnosis of the specific type is made through genetic testing.
Treatment involves high-glucose diets, intravenous hemin for acute attacks, and
givosiran for the prophylaxis of frequent attacks. Liver transplantation remains the only
curative option. It is crucial to monitor chronic complications associated with hepatic
porphyrias, particularly hepatocellular carcinoma, kidney disease, and arterial

hypertension.

Conclusion: AHP continues to be an underrecognized condition, warranting
consideration in individuals experiencing unexplained abdominal pain, neuropathy,
psychiatric symptoms, or skin lesions. There is a need for improved diagnostic techniques

and treatment options.

Keywords

Porphyrias; acute hepatic porphyrias; heme; liver; hemin.
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Resumo

Introducao: As porfirias sao doencgas genéticas raras causadas por mutagdes em
enzimas responsaveis pela biossintese do heme, levando a acumulacao de precursores de
porfirinas em varios tecidos e manifestagao de diversos sintomas. Esta revisao foca-se

nas porfirias hepaticas agudas (AHP).

Meétodos: Foi realizada uma revisao da literatura na base de dados MEDLINE via
PubMed. Revisoes sistematicas, ensaios clinicos, estudos de coorte, estudos caso-

controlo, revisoes por experts e guidelines foram priorizadas para analise.

Resultados: Existem quatro tipos de porfirias hepaticas agudas: porfiria aguda
intermitente, porfiria variegata, coproporfiria hereditaria e porfiria por deficiéncia de
acido 6- aminolevulinico desidratase. Estas patologias manifestam-se principalmente
como crises neuroviscerais, nomeadamente por dor abdominal intensa e sintomas
neuropsiquiatricos, afetando sobretudo mulheres entre os 15 e os 50 anos de idade. O
diagnostico baseia-se em testes bioquimicos de urina que doseiem os niveis de acido
aminolevulinico e porfobilinogénio. Além disso, os niveis de porfirinas na urina ou nas
fezes podem ajudar a definir o subtipo de AHP, mas o diagnostico definitivo do subtipo
s6 é possivel por teste genético. O tratamento inclui a administracao de hidratos de
carbono, hemina intravenosa nas agudizacGes e givosiran para profilaxia de agudizacoes
recorrentes. O transplante hepatico é a Unica opg¢ado curativa. Doentes com AHP
apresentam risco aumentado para carcinoma hepatocelular, doenga renal crénica e

hipertensao arterial.

Conclusao: As AHP continuam a ser uma patologia esquecida, devendo ser sempre um
diagnostico a considerar em doentes com dor abdominal idiopéatica, neuropatia,
sintomas psiquiatricos, ou lesdes cutaneas. Sao necessarios melhores métodos

diagnosticos e tratamentos para este grupo de patologias.

Palavras-chave

Porfirias; porfirias hepaticas agudas; heme; figado; hemina.
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Introduction

Porphyrias are rare metabolic disorders resulting from genetic mutations in heme
biosynthesis enzymes, accumulating porphyrins or their precursors in areas like bone
marrow, skin, liver, and blood, which causes the symptoms (1—4).

The first porphyria case was described in 1870 (5). The heme biosynthesis
pathway was discovered in 1945, followed by porphyrin separation in 1961 and the
cloning of heme biosynthesis genes in 2000 (5).

There are eight types of porphyrias: acute intermittent porphyria (AIP), variegate
porphyria (VP), hereditary coproporphyria (HCP), 6-aminolevulinic acid dehydratase
deficiency porphyria (ADP), erythropoietic protoporphyria (EPP), X-linked
protoporphyria (XLP), porphyria cutanea tarda (PCT), and congenital erythropoietic
porphyria (CEP) (1,6).

Porphyrias can be classified into erythropoietic and hepatic groups, depending
on the site of precursor accumulation (7). They can also be grouped into cutaneous (PCT,
CEP, EPP, and XLP) and acute hepatic types (AIP, HCP, VP, and ADP) based on their
symptoms (7). The acute hepatic porphyrias (AHP) present with nonspecific symptoms,
primarily abdominal pain, peripheral neuropathy, and psychiatric symptoms (Table 1)
(2).

AHP affects approximately 5 in 100,000 people worldwide (8). AIP is the most
common, with a prevalence of about 1 in 1,700 persons and an incidence rate of 0.13 new
cases per one million persons-year (6,8). Of all the porphyrias, ADP is the least common,
with only 9 cases described so far (6).

This review explores the clinical presentation, diagnosis, treatment, and
prospects of AHP, a frequently overlooked condition with a challenging diagnosis due to
its nonspecific symptoms. The review was carried out using MEDLINE via the PubMed
database. The search query for PubMed was: ((Heme) AND (Biosynthesis) AND
(Porphyrias)) OR ((Hepatic porphyrias) AND ((Diagnosis) OR (Treatment) OR
(Prognosis) OR (Clinical manifestations)) OR (Porphyrias) OR ((Coproporphyria,
Hereditary) OR (Porphyria, Variegate) OR (Porphyria, Acute Intermittent) OR
(Aminolevulinate Dehydratase Deficiency Porphyria)). The research was limited to
English, Spanish, or Portuguese articles, and no time restriction was made. Preference
was given to systematic reviews, randomized controlled trials, cohort studies, case-
control studies, expert reviews, and guidelines. The articles were selected and included

based on the title and abstract.
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Pathophysiology

Heme, a porphyrin ring bound to ferrous iron, is a crucial prosthetic group in
proteins like hemoglobin and myoglobin, and supports enzymes such as cytochromes,
catalase, and nitric oxide synthase (9). It can be synthesized in all human cells (3).
However, the majority is produced in bone marrow (775 to 80%) and a smaller amount in
hepatocytes (15 to 20%) (4,10,11).

The first step in heme biosynthesis is the formation of 6-aminolevulinic acid
(ALA) by the condensation of glycine and succinyl-CoA through the action of the enzyme
6-aminolevulinic acid synthase (ALAS) (12). Two types of §-aminolevulinic acid
synthase are present: §-aminolevulinic acid synthase 1 (ALAS1) and 2 (ALAS2). ALAS1
is the rate-limiting enzyme of heme biosynthesis in non-erythroid cells, such as
hepatocytes, where the heme exerts negative feedback, causing a decreasing production
of ALAS (11,13). Some precipitant factors have been described to upregulate &-
aminolevulinic synthase, such as drugs and hormones that induce cytochrome P 450.
Following ALA formation, six other enzymatic reactions transform ALA into
protoporphyrin IX (12). The last reaction in heme biosynthesis involves ferrochelatase,
which catalyzes the attachment of ferrous iron to protoporphyrin IX, resulting in the
formation of heme (12).

In cases of enzymatic deficiencies, specific heme precursors accumulate,
depending on which step is affected (Figure 1) (12). In AHP, ALA levels are substantially
elevated during attacks for all four types of AHP, while porphobilinogen is elevated for
only the three most common forms (excluding ADP) (2,3,14,15). Studies show that ALA
is primarily neurotoxic and responsible for neurovisceral attacks (10). In some AHP, the
accumulation of porphyrins such as coproporphyrin III and protoporphyrin IX are
photosensitizers and cause skin lesions (Figure 1) (10).

AIP, HCP, and VP have a dominant inherence and result, respectively from
mutations in hydroxymethylbilane synthase (HMBS), protoporphyrinogen oxidase
(PPOX), and coproporphyrinogen III oxidase (CPOX) alleles, and respective enzymatic
deficiencies (Figure 1 and Table 1) (12). ADP has an autosomal recessive inherence and
results from a mutation in §-aminolevulinic acid dehydratase (ALAD) allele, leading to a
reduction in the activity of this enzyme (Figure 1) (12).

AHP have low penetrance for patients with clinically relevant mutations, so most
patients generally exhibit low clinical manifestations, with few or no attacks during their
lives (1,6,8).
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Clinical Manifestations

Most of the symptomatic AHP patients have neurovisceral attacks, marked by
severe abdominal diffuse colicky pain, often accompanied by nausea, vomiting,
hyponatremia, hypertension, tachycardia, constipation, and dark urine (2—4,8,16,17).
Severe abdominal pain occurs in 74-100% of cases and lasts from hours to several days
(8,16). Despite intense abdominal pain, physical examination often reveals no focal
abnormalities or rigidity (2—4,8,16,17).

Neuropsychiatric symptoms are also a possible manifestation and can occur
before or during an acute attack (18,19). Seizures are other possible manifestation, and
about 20-58% of patients can have anxiety, behavioral changes, sleep disturbances,
psychosis, memory loss, depression, hallucinations, and delirium (8,18). Other features
were also described as neuropathic pain and sensory loss (2). Typically, the development
of peripheral neurological findings follows acute attacks in some days or weeks and
includes progressive muscle weakness, starting proximally in the limbs (19). Other
sensory symptoms may also occur, such as paresthesia, dysesthesia, and sensory loss in
a "stocking-glove" distribution (2,8,19).

Hyponatremia is a frequent sign in AHP and a marker of acute attack severity
(20). A few mechanisms have been described, but some studies relate the syndrome of
inappropriate antidiuretic hormone secretion (SIADH) to this electrolyte disturbance
(20). So, mental state alteration, delirium, seizures, and coma can occur due to
hyponatremia but also secondary to an acute attack (8,19,20).

Acute episodes occur approximately four times more frequently in women than
in men and can be triggered by various factors: sex hormones, medications that induce
cytochrome P450 (barbiturates, anti-epileptics, sulfonamides, estrogen, progesterone,
anesthetic agents, antidepressants, prokinetic and antiemetic drugs), acute illness,
physical or psychological stress, alcohol, tobacco, pregnancy, and caloric restriction
(2,8,13,16). Some women experience more manifestations during the luteal phase of
their menstrual cycle because of the progesterone peak. Between 65-80% of patients
have clinically latent disease (2,8,13,16).

The clinical presentation of AHP subtypes varies. ADP is the rarest AHP and is
characterized by a more severe clinical presentation with recurrent neurological attacks,
which can be life-threatening (15). AIP, the most common type, typically presents with
prolonged autonomic disturbances or psychiatric symptoms lasting weeks, along with a
higher prevalence of chronic issues like pain, nausea, fatigue, and neuropathic features
(21). HCP and VP produce neurological symptoms similar to AIP, but the major distinct

signs are cutaneous lesions, like blistering lesions in sun-exposed areas, milia, scarring,
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thickening, facial hypertrichosis, and decreased or increased skin pigmentation (16,22).
These cutaneous manifestations are more common in VP (12).

Most people with AHP become symptom-free between attacks, but patients
suffering from frequent, recurrent attacks have a higher prevalence of chronic symptoms
(8,18,23). Studies show that the most frequent chronic symptoms are abdominal pain,
myalgias, muscle weakness, nausea, fatigue, insomnia, anxiety, and sleeping disorders
(8,18,23). It is essential to highlight that AHP patients are at a higher risk for developing

hepatocellular carcinoma, hypertension, and chronic kidney disease (4,8,24).

Diagnosis

There is a symptomatic triad consisting of severe abdominal pain, peripheral
neuropathy, and involvement of the central or autonomic nervous system that should be
assessed for the possibility of AHP when no other diagnosis can explain the clinical
presentation (8). Early diagnosis enables prompt treatment of AHP, which can reduce
morbidity and mortality (13).

The first-line diagnostic approach is the same for all AHP and includes screening
of porphobilinogen and ALA in urine, usually positive when an acute attack is present
(Figure 2) (2,4,8,13,14,17,25). A timely urine sample collection is recommended,
especially during an acute attack or right after, and the urine is often red, purple, or
brown (8). The Hoesch test using Ehrlich reagent is the most commonly employed
qualitative test for porphobilinogen, known for its rapid results and availability in most
emergency rooms (6,25). It is considered positive if urine turns red (6,25). However,
some studies have indicated that the test has low sensitivity and specificity and does not
measure ALA levels, which means it may overlook ADP (6,25).

The hallmark of AHP is the presence of elevated levels of porphobilinogen and/or
ALA in urine (4,8). These levels should be quantified and normalized to creatinine
excretion to account for any potential renal function impairment (4,8). Urinary levels of
porphobilinogen and/or ALA above 10 mg/g creatinine are highly specific for diagnosing
AHP, as normal levels are typically below 2-4 mg/g creatinine (Figure 2) (4). If
porphobilinogen levels in urine are normal, and high suspicion of AHP is maintained,
ALA levels in urine should be accessed because isolated ALA elevation should be
differentiated between ADP and other causes unrelated to porphyrias, for instance, lead
poisoning and hereditary tyrosinemia type 1 (26).

Porphobilinogen and ALA levels can stay elevated for months to years after an
acute AIP attack but drop quickly after HCP or VP attacks. Therefore, measuring urine

porphyrin levels is crucial to avoid misdiagnosing VP or HCP (4). However, isolated
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elevations of urinary porphyrins do not suggest AHP and may occur in cases of secondary
porphyrinuria (in hepatobiliary diseases, alcohol use, or cytochrome P450-inducing
drugs intake) (2,4,11).

Second-line testing is important to define the subtype of AHP and includes
plasma and fecal porphyrins and plasma fluorescence (2,4,8). On HCP, the levels of
coproporphyrins in stool are higher than those of protoporphyrins, and coproporphyrin
III (COPRO III) should comprise about 60-95% of the total coproporphyrin, with a ratio
of coproporphyrin III to coproporphyrin I greater than 2 (Figure 3). (8,16). The most
sensitive test to identify VP is fluorescent plasma scanning, which detects a characteristic
fluorescence peak at a wavelength of approximately 626 nm of porphobilinogen (2,4,8).
Additionally, both coproporphyrin and protoporphyrinogen levels are elevated (Figure
3) (2,4,8). ADP and AIP can have normal or slightly elevated levels of fecal porphyrins
(2,4,8).

The definitive diagnosis requires desoxyribonucleic acid (DNA) analysis (2,4,8).
A multigene panel is recommended and includes genes of interest such as PPOX, HMBS,
CPOX, and ALAD (4,8,12,24). The use of a multigene panel allows the identification of
the responsible mutation and the screening of other family members (11). However,
sometimes, genetic testing might miss mutations in individuals with suggestive
biochemical profiles or detect variants of uncertain significance, making clinical
management difficult (11).

Diagnosing AHP is challenging due to their rarity, nonspecific symptoms, and
diagnostic limitations. Triggers or family history are not always present and should not
exclude the diagnosis, as sporadic mutations can occur (11).

When blistering lesions are seen, the first clinical suspicion is porphyria cutanea
tarda (1,11,12,17). However, VP and HCP can also have this presentation, and they need
to be considered to avoid misdiagnosis (11).

The limited availability of rapid urinary qualitative tests and the delayed results
(1 to 2 weeks) for quantitative tests further complicate timely diagnosis (11). In VP,

plasma fluorescence at 626 nm can help, but its availability is also restricted (11).



Acute Hepatic Porphyrias

Management

Acute attack treatment

The treatment of acute neurovisceral attacks has two main goals: reduce ALAS1
expression in the liver and treat present symptoms (8,10). It is essential to be promptly
initiated, even if empirically, because acute attacks can progress into severe and
potentially life-threatening outcomes. Patients should be aware of the triggering factors
described above and minimize or avoid them (2,16).

If mild symptoms are present, such as mild pain without other severe symptoms,
the first approach should be an oral high-carbohydrate diet providing 55 to 60% of total
caloric intake (4,8,27). If not well tolerated, carbohydrates can be administered
intravenously as 5% dextrose in normal saline, with a maximum of 2 liters per day (8).
However, electrolytes should be monitored because hyponatremia may worsen (2,4,13).

If mild symptoms do not improve, or if the condition is more severe - marked by
intense abdominal pain, significant hyponatremia, peripheral neuropathy, urinary
retention or incontinence, central nervous system involvement, or arrhythmias - then a
more aggressive treatment approach is necessary (8,14).

Hemin is the primary approved treatment, typically administered at a dosage of
3-4 mg/kg of body weight, once daily for 4 days up to 250 mg per day (8,14,28). It should
be administered through a large venous peripheral catheter and combined with human
serum albumin to minimize vein damage and decrease the risk of thrombophlebitis
(2,4,16). The 350 mg hemin vial should be diluted in 147 mL of 25% human serum
albumin, and the appropriate hemin-albumin solution volume should be administered
based on the patient's weight (16). This improves the symptoms and prevents long-term
neurological complications (2,16). If hemin is unavailable, administering 10—-20%
glucose in normal saline intravenously, at a dose of up to 2 liters per day, is recommended
(8).

Effective pain management is essential for patient comfort: acetaminophen and
non-steroidal anti-inflammatories (ibuprofen and naproxen) are the first-line drugs for
mild pain and morphine for severe pain (2,8,14,29). Nausea and vomiting should be
aggressively treated with antiemetics like ondansetron, chlorpromazine, or
promethazine (8,13,29). Constipation can be present, and lactulose is usually effective
(2,16). For seizures, a safe option is benzodiazepines since most antiepileptic drugs are
not safe for patients with porphyria (8,29). Hyponatremia is mainly associated with
SIADH and should be treated according to specific guidelines (8,13,19,20).

Usually, symptoms improve after the treatment of an acute attack. However,

some patients continue to experience chronic symptoms, such as anxiety, hypertension,
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insomnia, neuropathic pain, and muscle weakness or paralysis (8,23,24). These chronic
symptoms should be addressed according to general treatment recommendations and by
considering the safest medication options for patients with AHP (8).

Patients who are asymptomatic high excreters (ASHE) exhibit elevated levels of
ALA and porphobilinogen despite not showing any symptoms (24). Treatment is not
required unless they develop symptoms, despite limited data to prove this (24). However,
they need to take preventive measures, such as avoiding known triggers, to reduce the

risk of developing symptomatic porphyria (24).

Treatment of recurrent attacks

Recurrent attacks are defined as four or more acute attacks in the past year
following one to two years of standard treatment (30). When these occur, off-label use of
prophylactic hemin (3 mg/kg body weight, administered once per week) may be
considered, even though its effects are not well documented (30). There is limited data
on the safety and efficacy of hemin. Still, some studies suggest that it is safe for use during
acute attacks and as prophylactic therapy, and it reduces the manifestations of acute
hepatic porphyria with demonstrated efficacy (31—33). However, repeated use of hemin
is associated with dependence on exogenous heme and side effects, including
thrombophlebitis, coagulation abnormalities, and secondary iron overload
(31,32,34,35). Patients relate these side effects with a poorer perceived health-related
quality of life along with frequent health care interventions like regular infusions,
psychological impact, and social limitations (34,36). Some studies also show that hemin
prophylaxis has no effect on chronic symptoms between attacks, hence the need to
explore alternative therapies (34,36).

Gonadotropin-releasing hormone (GnRH) analogs may be beneficial for cases of
symptoms related to menstrual cycles because they inhibit sex hormones and reduce the
progesterone peak, which is known to trigger attacks of AHP (2,4,8,16,24). However, a
significant side effect of these analogs is estrogen deficiency, which can limit their use
(2,14,16).

Givosiran is a small interfering RNA (siRNA) specifically targeting ALAS1. When
given subcutaneously at a dose of 2.5 mg/kg once a month, it is selectively absorbed by
hepatocytes, where it binds to ALAS1 messenger RNA (mRNA). This action leads to the
degradation of ALAS1 mRNA, ultimately lowering ALLAS1 expression (8,37). When
recurrence occurs, givosiran can be given to patients aged 12 years and older with
biochemically and genetically confirmed acute hepatic porphyria, lowering the levels of
ALA and porphobilinogen while reducing the frequency of acute attacks (8,37). The use

of prophylactic givosiran in patients with AHP and recurrent attacks has resulted in
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reduced frequency of attacks, decreased reliance on hemin over time, and improved
patient quality of life (34,36). This was attributed to less daily pain, reduced opioid use,
enhanced daily activities, and alleviation of chronic symptoms between attacks (34,36).
While it is deemed safe and approved, there is a possibility of adverse events, which may
include higher blood homocysteine levels, increased transaminases, retinal vein
occlusion, injection-site reactions, pancreatitis, deterioration of chronic renal failure,
pulmonary embolism, right iliac thrombophlebitis, and worsening liver test results (31).

Liver transplantation is regarded as the only curative option for patients who do
not respond to pharmacological treatment, and after the transplant, the levels of ALA
and porphobilinogen return to normal (4,8,24,31). There is a low risk of disease
recurrence after the liver transplant (4,8,38). Neurological acute symptoms, such as
motor weakness or pain, may lessen; however, chronic neurological symptoms, like
quadriplegia or paraplegia, show minimal improvement, with some patients

experiencing little to no change (4).

Follow-up

AHP clinical monitoring should comprise symptom review, physical exam,
medication assessment, and quality of life evaluation (8,24). This should take place every
six months for sporadic attacks and every three months for recurrent attacks (8).
Laboratory monitoring includes measuring urine levels of ALA and porphobilinogen,
along with standard blood tests at each visit (8). These blood tests include a complete
blood count and a metabolic panel, which consists of alanine aminotransferase, aspartate
aminotransferase, alkaline phosphatase, bilirubin, albumin, urea, creatinine, and
electrolytes (8). Annual plasma alpha-fetoprotein level measures are recommended for
all patients with AHP due to the increased risk of hepatocellular carcinoma (8). It is
advisable to monitor plasma homocysteine levels since elevated levels correlate with
disease activity, which may include symptoms or elevated ALA and/or porphobilinogen
levels (8,39).

Moreover, patients experience a higher incidence of chronic kidney, liver, and
cardiovascular conditions (4,23). To ensure early detection of these complications, it is
advised that all symptomatic patients with AHP undergo abdominal and renal
ultrasounds, Holter monitoring, TILT testing, ambulatory blood pressure monitoring,
and echocardiography annually (4,8,13). If advanced liver fibrosis (F3 on elastography)
or cirrhosis is detected, it is advisable to undergo semiannual screenings using
abdominal ultrasound (40).

Asymptomatic patients should undergo annual evaluations that include a review

of medical history, a physical examination, an assessment of medications, quality of life
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considerations, biochemical tests (like urine ALA and PBG), a complete blood count,
metabolic panel, estimated glomerular filtration rate, a hepatic function panel, and
monitoring for hepatocellular carcinoma in individuals over 50 years old, which can be
conducted via abdominal ultrasound and measuring plasma alpha-fetoprotein levels
(8,24).

If patients are receiving prophylactic hemin therapy, ferritin and iron studies
should be evaluated every three months, due to the risk of potential iron overload
(4,8,30). Due to the previously mentioned side effects of givosiran, liver and renal
function tests, along with total plasma homocysteine levels, should be performed
monthly for the initial three months (4,8,13). After that, testing should occur every three
to six months (4,8,13).

Patients receiving GnRH analogs should have annual Dual-energy X-ray

absorptiometry (DEXA) and gynecological screenings (8).
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Conclusion

Porphyrias are uncommon genetic and metabolic disorders caused by mutations
in enzymes responsible for heme biosynthesis. This disruption results in the harmful
accumulation of heme precursors, including ALA, porphobilinogen, and porphyrins, in
organs like the liver, bone marrow, blood, and skin, which contributes to various
symptoms. AHP is marked by sudden, severe abdominal pain, often accompanied by
neuropsychiatric issues and peripheral neuropathy. Although caused by a genetic
mutation, the condition exhibits low penetrance, meaning not all carriers show
symptoms. Factors such as stress, fasting, or specific medications can trigger attacks,
making their management crucial. Treatment includes high-glucose diets, intravenous
hemin for acute attacks, and givosiran for prophylaxis of frequent attacks. Liver
transplantation is still the only curative option. Although most patients remain
asymptomatic between episodes, some suffer from chronic symptoms such as
neuropathic pain, fatigue, neuropathy, sleep disturbances, and a decreased quality of life
(41,42). Improvements in management have decreased the frequency of attacks and
mortality, which is now nearly zero (43,44). Still, some patients experience residual
neurological damage or chronic complications such as hypertension, kidney or liver
disease, which includes an increased risk of hepatocellular carcinoma (2,4,8,43,44).

To tackle these challenges, research is investigating alternative therapies. One
promising approach involves employing messenger RNA technology to restore deficient
protein activity in hepatocytes using adenovirus (10,37). Other investigational therapies
consist of small interfering RNA that aims to silence ALAS1 mRNA and inhibit ALAS1
protein production (38). An alternative method includes using biodegradable lipid
nanoparticles to deliver porphobilinogen mRNA swiftly to the liver, ensuring uptake by
hepatocytes and providing protection against porphyria attacks when given during the
prodromal phase (38).

In conclusion, this review offers a valuable overview of AHP, a frequently
neglected condition that necessitates increased awareness. Gaining a deeper
understanding of AHP and porphyrias is essential for improving diagnosis, developing

new treatments, and ultimately enhancing patient outcomes.
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Figure 1: Heme biosynthesis and acute hepatic porphyrias, adapted from (24)
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Figure 2: First-line diagnostic approach to AHP, adapted from (4)

Abbreviations: AHP, acute hepatic porphyrias; ALA, § - aminolevulinic acid, PBG, porphobilinogen

Unexplained abdominal pain
Neuropathy
Psychiatric symptoms
Hypertension and tachycardia
Skin lesions

“An acute neurovisceral attack”

v

Negative < Urinary ALA and PBG > PBG negative; ALA
measurement positive
Diagnosis of AHP is .
excluded ‘ ALA de}fllmt?ncy
Positive porphyna
Diagnosis of AHP is confirmed
AIP VP HCP
Stool: coproporphyrin Stool: coproporphyrin
; Stooh normal III, protoporphyrin II/1> 2
Plasma fluorescence Plasma fluorescence Plasma fluorescence
619 nm 626 nm 620 nm

Figure 3: Diagnostic algorithm for acute hepatic porphyrias, adapted from (2)

Abbreviations: AHP, acute hepatic porphyrias; AIP, acute intermittent porphyria; ALA, 8-aminolevulinic acid; HCP,
hereditary coproporphyria; PBG, porphobilinogen; VP, variegate porphyria
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Table 1: Acute hepatic porphyrias subtypes, adapted from (45—47)

Enzymatic Defect

PBG deaminase

ALA dehydratase

Coproporphyrinogen

oxidase

Protoporphyrinogen

oxidase

Mode of Inheritance

Autosomal dominant

Autosomal recessive

Autosomal dominant

Autosomal dominant

Clinical Findings

Neurologic

Neurologic

Neurologic,

cutaneous

Neurologic,

cutaneous

Abbreviations: ALA, §-aminolevulinic acid; PBG, porphobilinogen.
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Site of
Expression

Liver

Liver

Liver

Liver

Diagnostic
findings
Urine: ALA < PBG

Urine: ALA

Urine: ALA > PBG,
coproporphyrin
Stool:
coproporphyrin

Urine: ALA > PBG,
coproporphyrin
Stool:
coproporphyrin,

protoporphyrinogen

Common mutations

¢.673C>T (p.R225X)
¢.499C>T (p.R167W)
¢.973C>T (p.R325X)
¢.76C>T (p.R26C)
¢.992C>T (p.A331V)
¢.1084delT
¢.397G>A (p.G133R)
c.823G>A (p.Vay5M)

¢.520G>A (p.A174T)
¢.980A>G (p.H327R)

¢.217C>G (p.L73V)
¢.454C>T (p.R152C)
¢.40G>C (p.G14R)



Acute Hepatic Porphyrias

References

1.

10.

11.

Muschalek W, Hermasch MA, Poblete- Gutiérrez P, Frank J. The Porphyrias.
JDDG - Journal of the German Society of Dermatology. 2022 Mar 1;20(3):316—
31.

Ziibarioglu T, Kiykim E, Aktuglu-Zeybek C. An Overview of Acute Hepatic
Porphyrias: Clinical Implications, Diagnostic Approaches, and Management
Strategies. Vol. 58, Turkish Archives of Pediatrics. AVES; 2023. p. 3—9.

Wang B, Rudnick S, Cengia B, Bonkovsky HL. Acute Hepatic Porphyrias: Review
and Recent Progress. Hepatol Commun. 2019;3(2):193—206.

Wang B, Bonkovsky HL, Lim JK, Balwani M. AGA Clinical Practice Update on
Diagnosis and Management of Acute Hepatic Porphyrias: Expert Review.
Gastroenterology. 2023 Mar 1;164(3):484—91.

Badminton MN, Anderson KE, Deybach JC, Harper P, Sandberg S, Elder GH.
From chemistry to genomics: A concise history of the porphyrias. Liver
International. 2024 Sep 1;44(9):2144-55.

About Porphyria - American Porphyria Foundation [Internet]. [cited 2024 Nov
12]. Available from: https://porphyriafoundation.org/for-patients/about-
porphyria/

Dickey AK, Leaf RK, Balwani M. Update on the Porphyrias. Annu Rev Med
[Internet]. 2024 Jan 29 [cited 2024 Nov 12];75(Volume 75, 2024):321—35.
Available from:
https://www.annualreviews.org/content/journals/10.1146/annurev-med-
042921-123602

Brito-Avo L, Pereira L, Oliveira A, Ferreira F, Filipe P, Coelho Rodrigues I, et al.
Portuguese Consensus on Acute Porphyrias: Diagnosis, Treatment, Monitoring
and Patient Referral. Acta Med Port [Internet]. 2023 Nov 2 [cited 2024 Nov
12];36(11):753—64. Available from:
https://www.actamedicaportuguesa.com/revista/index.php/amp/article /view/2
0323

Ogun AS, Joy N V., Valentine M. Biochemistry, Heme Synthesis. StatPearls
[Internet]. 2023 May 1 [cited 2024 Oct 14]; Available from:
https://www.ncbi.nlm.nih.gov/books/NBK537329/

Wang B. Novel treatment options for acute hepatic porphyrias. Curr Opin
Gastroenterol [Internet]. 2021 May 1 [cited 2024 Nov 21];37(3):194. Available
from: https://pmc.ncbi.nlm.nih.gov/articles/PMC8104969/

Thapar M, Singh A, Robinson KM, Bonkovsky HL. Obstacles to Early Diagnosis of

Acute Hepatic Porphyria: Current Perspectives on Improving Early Diagnosis and

14



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Acute Hepatic Porphyrias

Clinical Management. 2024 [cited 2024 Sep 24]; Available from:
https://doi.org/10.2147/CEG.S348507

Phillips JD. Heme biosynthesis and the porphyrias. Mol Genet Metab [Internet].
2019 Nov 1 [cited 2024 Sep 23];128(3):164. Available from:
/pmc/articles/PMC7252266/

Moghe A, Dickey A, Erwin A, Leaf RK, O’Brien A, Quigley JG, et al. Acute hepatic
porphyrias: Recommendations for diagnosis and management with real-world
examples. Mol Genet Metab. 2023 Nov 1;140(3):107670.

Anderson KE, Bloomer JR, Bonkovsky HL,, Kushner JP, Pierach CA, Pimstone NR,
et al. Recommendations for the diagnosis and treatment of the acute porphyrias.
Ann Intern Med. 2005 Mar 15;142(6):439—50.

Mohan G, Madan A. Ala Dehydratase Deficiency Porphyria. StatPearls [Internet].
2023 Jul 3 [cited 2024 Sep 30]; Available from:
https://www.ncbi.nlm.nih.gov/books/NBK560836/

Wang B, Montgomery Bissell D. Hereditary Coproporphyria. 2012;1993—2024.
Rigor J, Pinto SA, Martins-Mendes D. Porphyrias: A clinically based approach.
Eur J Intern Med [Internet]. 2019 Sep 1 [cited 2025 Jan 4];67:24—9. Available
from: http://www.ejinme.com/article/S0953620519302122/fulltext
Duque-Serrano L, Patarroyo-Rodriguez L, Gotlib D, Molano-Eslava JC.
Psychiatric Aspects of Acute Porphyria: a Comprehensive Review. Curr Psychiatry
Rep [Internet]. 2018 Jan 1 [cited 2024 Nov 12];20(1):1—7. Available from:
https://link.springer.com/article/10.1007/s11920-018-0867-1

Oliveira Santos M, Leal Rato M. Neurology of the acute hepatic porphyrias. J
Neurol Sci. 2021 Sep 15;428:117605.

Solares I, Tejedor M, Jerico D, Morales-Conejo M, Enriquez de Salamanca R,
Fontanellas A, et al. Management of hyponatremia associated with acute
porphyria-proposal for the use of tolvaptan. Ann Transl Med [Internet]. 2020 Sep
[cited 2024 Nov 21];8(17):1098-1098. Available from:
https://pubmed.ncbi.nlm.nih.gov/33145317/

Gonzalez-Mosquera LF, Sonthalia S. Acute Intermittent Porphyria. South Med J
[Internet]. 2023 May 1 [cited 2024 Sep 24];58(7):831—5. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK547665/

Singal AK, Anderson KE. Variegate Porphyria. 2013;1993—2024.

Horie Y, Yasuoka Y, Adachi T. Clinical features of acute attacks, chronic
symptoms, and long-term complications among patients with acute hepatic

porphyria in Japan: a real-world claims database study. Orphanet J Rare Dis

15



24.

25.

26.

27.

28.

29.

30.

31.

32.

33-

Acute Hepatic Porphyrias

[Internet]. 2023 Dec 1 [cited 2024 Nov 15];18(1). Available from:
https://pubmed.ncbi.nlm.nih.gov/38066651/

Balwani M, Wang B, Anderson KE, Bloomer JR, Bissell DM, Bonkovsky HL, et al.
Acute Hepatic Porphyrias: Recommendations for Evaluation and Long Term
Management. Hepatology [Internet]. 2017 Oct 1 [cited 2024 Dec 23];66(4):1314.
Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC5605422/

Castelbon Fernandez FJ, Solares Fernandez I, Arranz Canales E, Enriquez de
Salamanca Lorente R, Morales Conejo M. Protocolo de actuacion en pacientes con
sospecha de porfiria aguda. Rev Clin Esp. 2020 Dec 1;220(9):592-6.

Emergency Room Guidelines for Acute Porphyrias - American Porphyria
Foundation [Internet]. [cited 2024 Nov 21]. Available from:
https://porphyriafoundation.org/for-healthcare-professionals/emergency-
room-guidelines-for-acute-porphyrias/

Nutrition in the Acute Porphyrias - American Porphyria Foundation [Internet].
[cited 2025 Jan 5]. Available from: https://porphyriafoundation.org/for-
patients/diet-and-nutrition/nutrition-in-the-acute-porphyrias/

Harper P, Sardh E. Management of acute intermittent porphyria. Expert Opin
Orphan Drugs. 2014;2(4):349—68.

Drug Search [Internet]. [cited 2025 Jan 7]. Available from:
https://drugsporphyria.net/

Kuo HC, Ro LS, Lin CN, Chen HY. Long-term management and treatment of acute
intermittent porphyria with recurring attacks using pharmacological prophylaxis.
Hepatol Commun [Internet]. 2023 Dec 1 [cited 2024 Nov 21];7(12):e0327.
Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC10697622/

Kuter DJ, Bonkovsky HL, Monroy S, Jia G, Sweetser MT, Thapar M, et al. Efficacy
and safety of givosiran for acute hepatic porphyria: Final results of the randomized
phase III ENVISION trial. J Hepatol [Internet]. 2023 [cited 2024 Dec
23];79:1150—8. Available from: https://doi.org/10.1016/j.jhep.2023.06.013
Fibach E, Konijn AM, Bauminger RE, Ofer S, Rachmilewitz EA. Effect of
extracellular hemin on hemoglobin and ferritin content of erythroleukemia cells.
J Cell Physiol [Internet]. 1987 [cited 2024 Dec 23];130(3):460—5. Available from:
https://pubmed.ncbi.nlm.nih.gov/3470297/

Anderson KE, Collins S. Open-Label Study of Hemin for Acute Porphyria: Clinical
Practice Implications. American Journal of Medicine [Internet]. 2006 Sep 1 [cited
2024 Dec 21];119(9):801.e1-801.€6. Available from:

http://www.amjmed.com/article/S0002934306006139/fulltext

16



34.

35-

36.

37-

38.

39-

40.

41.

42.

Acute Hepatic Porphyrias

Kubisch I, Wohmann N, Wissniowski TT, Stauch T, Oettel L, Diehl-Wiesenecker
E, et al. German Real-World Experience of Patients with Diverse Features of Acute
Intermittent Porphyria Treated with Givosiran. J Clin Med [Internet]. 2024 Nov
1 [cited 2025 Jan 71;13(22):6779. Available from:
https://pmec.ncbi.nlm.nih.gov/articles/PMC11594983/

Balwani M, Sardh E, Ventura P, Peir6 PA, Rees DC, Stolzel U, et al. Phase 3 Trial
of RNAi Therapeutic Givosiran for Acute Intermittent Porphyria. New England
Journal of Medicine [Internet]. 2020 Jun 11 [cited 2024 Dec 23];382(24):2289—
301. Available from: https://www.nejm.org/doi/full/10.1056/NEJMoa1913147
Ventura P, Bonkovsky HL, Gouya L, Aguilera-Peir6 P, Montgomery Bissell D,
Stein PE, et al. Efficacy and safety of givosiran for acute hepatic porphyria: 24-
month interim analysis of the randomized phase 3 ENVISION study. Liver
International [Internet]. 2021 Jan 1 [cited 2024 Oct 18];42(1):161. Available from:
https://pmec.ncbi.nlm.nih.gov/articles/PMC9299194/

Friedrich M, Aigner A. Therapeutic siRNA: State-of-the-Art and Future
Perspectives. Biodrugs [Internet]. 2022 Sep 1 [cited 2024 Nov 11];36(5):549.
Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC9396607/
Fontanellas A, Avila MA, Anderson KE, Deybach JC. Current and innovative
emerging therapies for porphyrias with hepatic involvement. J Hepatol [Internet].
2019 Aug 1 [cited 2024 Nov 21];71(2):422-33. Available from:
http://www.journal-of-hepatology.eu/article/S016882781930282X/fulltext
Ventura P, Sardh E, Longo N, Balwani M, Plutzky J, Gouya L, et al.
Hyperhomocysteinemia in acute hepatic porphyria (AHP) and implications for
treatment with givosiran. Expert Rev Gastroenterol Hepatol [Internet]. 2022 Sep
2 [cited 2025 Jan 71;16(9):879—94. Available from:
https://www.tandfonline.com/doi/abs/10.1080/17474124.2022.2110469

Danila M, Sporea I. Ultrasound screening for hepatocellular carcinoma in patients
with advanced liver fibrosis. An overview. Med Ultrason [Internet]. 2014 [cited
2025 Jan 71;16(2):139—44. Available from:
https://pubmed.ncbi.nlm.nih.gov/24791845/

Gouya L, Ventura P, Balwani M, Bissell DM, Rees DC, Stolzel U, et al. EXPLORE:
A Prospective, Multinational, Natural History Study of Patients with Acute
Hepatic Porphyria with Recurrent Attacks. Hepatology [Internet]. 2019 May 1
[cited 2024 Oct 18];71(5):1546. Available from:
https://pmec.ncbi.nlm.nih.gov/articles/PMC7255459/

Wheeden Desiree Lyon Howe Sue Burrell Liz Gill John Chamberlayne Edrin
Williams Amy Simon John J Ko Jordanna Mora Ted Wells Christopher Evans

17



43.

44.

45.
46.

47.

Acute Hepatic Porphyrias

Maggie Paulich Stephen Meninger Stephen Lombardelli KR. Patient Perspective
on Acute Hepatic Porphyria with Sporadic Attacks: A Chronic Disease with
Substantial Health-Related Quality of Life Impacts. [cited 2024 Oct 13]; Available
from: https://doi.org/10.1007/s12325-022-02172-8

Pischik E, Lissing M, Pallet N, Kauppinen R. Long-term complications in acute
porphyria. Liver International [Internet]. 2024 Sep 1 [cited 2024 Dec
231];44(9):2197—207. Available from:
https://onlinelibrary.wiley.com/doi/full/10.1111/1iv.15966

Wang B. The acute hepatic porphyrias. Transl Gastroenterol Hepatol [Internet].
2021 Apr 5 [cited 2024 Dec 23];6(0):24—24. Available from:
https://tgh.amegroups.org/article/view/6239/html

Home - OMIM [Internet]. [cited 2025 Jan 9]. Available from: https://omim.org/
Yasuda M, Chen B, Desnick RJ. Recent Advances on Porphyria Genetics:
Inheritance, Penetrance & Molecular Heterogeneity, Including New
Modifying/Causative Genes. Mol Genet Metab [Internet]. 2018 Nov 1 [cited 2025
Jan 9];128(3):320. Available from:
https://pmec.ncbi.nlm.nih.gov/articles/PMC6542720/

Feldman M, S.Friedman L, J.Brandt L, T.Chung R, T.Rubin D, Wilcox CM.
Gastrointestinal and Liver Disease . 11th ed. Feldman M, S.Friedman L, J.Brandt
L, T.Chung R, T.Rubin D, Wilcox CM, editors. Elsevier; 2021.

18



