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Acute intermittent porphyria (AIP) is an autosomal dominant disease caused by mutations in 
porphobilinogen deaminase (PBGD), the third enzyme of the heme synthesis pathway. Symptoms 
of AIP usually manifest as intermittent acute attacks with occasional neuropsychiatric crises. The 
management of AIP includes treatment of acute attacks, prevention of attacks, long-term monitoring 
and treatment of chronic complications. Intravenous injection of heme is the most effective method 
of treating acute attacks. Carbohydrate loading is used when heme is unavailable or in the event of 
mild attacks. Symptomatic treatment is also needed during attacks. Prevention of attacks includes 
eliminating precipitating factors, heme prophylaxis and liver transplantation. New treatment options 
include givosiran (siRNA) to down-regulate ALA synthase-1 (ALAS1) and the messenger RNA of 
PBGD (PBGD mRNA) delivered to the liver cells of patients with AIP. Long-term monitoring of 
chronic complications includes regular liver-kidney function and hepatocellular carcinoma (HCC) 
screening.

1. Introduction

Acute intermittent porphyria (AIP, MiM 176000) is an 
inherited autosomal dominant disorder characterized 
by hepatic deficiency of hydroxymethylbilane synthase 
(HMBS,HGNC 4982)/porphobilinogen deaminase 
(PBGD, EC 4.3.1.8), the third enzyme of the heme 
synthesis pathway (1-3). Regulated by heme stores, ALA 
synthase-1 (ALAS1) is the first enzyme of the hepatic 
heme synthesis pathway, and is also a rate-limiting 
enzyme. In patients with AIP, increased heme demand 
will lead to the up-regulation of ALAS1 and increase 
the production and accumulation of aminolevulinic acid 
(ALA) and porphobilinogen (PBG) (1,2).
 Clinical symptoms are related to the accumulation of 
high levels of porphyrin precursors (4-6). Symptoms of 
AIP usually manifest as intermittent acute attacks. The 
most common symptoms during attacks are abdominal 
pain accompanied by nausea, vomiting, constipation, 
hypertension and tachycardia (1-3,7). Some patients 
develop severe neurological complications, including 
peripheral neuropathy and central nervous system (CNS) 
involvement, such as acute encephalopathy, convulsions, 
anxiety, insomnia, depression, seizures and paralysis. 
After many years of repeated attacks, symptoms may 
become chronic (8,9).

 The management of AIP includes treatment of acute 
attacks, prevention of attacks, long-term monitoring 
and treatment for complications (10). The current 
work summarizes existing and recently developed AIP 
treatments for those three purposes.

2. Treatment of acute attacks

2.1. Specific therapy

Pathophysiologically, the aim of treating acute attacks 
is to suppress hepatic ALAS1 activity. The current 
treatments for acute attacks involve heme replacement 
and carbohydrate loading.

2.1.1. Heme

Intravenous heme is the most effective therapy; it 
provides exogenous heme and down-regulates ALAS1 
transcription. This, in turn, results in a rapid reduction in 
the overproduction of ALA and PBG. Heme is isolated 
and purified from human red cell concentrates, and it 
has been used for more than 30 years (4,12). Currently, 
two forms of heme for human use are available: 
Normosang® heme arginate in Europe and South Africa 
and Panhematin® heme (Recordati Rare Diseases) in the 
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US. Both must be freshly prepared and delivered over 
30 min. Heme should be reconstituted in human albumin 
because of its instability in aqueous solution. Due to the 
possibility of painful phlebitis as a result of intravenous 
injection of heme into a peripheral vein, heme should be 
given via central intravenous. A standard heme regimen 
is 3-4 mg/kg/day for 4 days; additional courses may be 
required if symptoms continue to worsen (13). Due to 
rapid clinical improvement (often within 1-2 days) once 
an acute attack occurs, heme should be used as soon 
as possible, and especially when there are convulsions, 
hyponatremia, neuropathy or psychosis. Intravenous 
heme is efficacious even in the late stage of progressing 
motor neuropathy (14).
 Although heme therapy is well tolerated in most 
cases, repeated treatment increases the risk of hepatic 
fibrosis and liver iron overload (a heme arginate dose of 
250 mg contains 22.7 mg of iron) (15). A point worth 
mentioning is that experience shows that heme can be 
used safely during pregnancy (16).

2.1.2. Carbohydrate loading

Adequate caloric support (carbohydrates and proteins) 
is essential to the treatment of AIP (17). Carbohydrate 
loading was considered to be a standard treatment for 
acute attacks before the appearance of heme, but it does 
not alleviate symptoms as quickly as heme. Glucose 
inhibits ALAS1 by affecting peroxisome proliferator-
activated receptor gamma coactivator1-alpha (PGC1-α) 
(the "glucose effect") (18-20).
 According to guidelines for the treatment of an acute 
attack in the US and South Africa, glucose is limited to 
the treatment of mild attacks (mild pain, no vomiting, no 
paresis, no seizures, or no hyponatremia) or when heme 
is not available locally (21). The latter is a challenge in 
lower-to-middle-income countries (22).
 Mild attacks should initially be treated with oral 
glucose, but patients who are not tolerating oral glucose 
can be given glucose intravenously (300-500 g/day, 
preferably 10% dextrose in 0.45% saline) as a preferred 
source of energy (16,23), in order to down-regulate the 
activity of ALAS1 and prevent fasting (24). Moreover, 
the combination of glucose with insulin can be more 
effective because insulin can also hamper ALA synthesis 
induced by PGC1-α (25). However, hyponatremia 
worsens with hemodilution caused by large amounts of 
10% glucose. At the same time, the blood sugar level 
should be monitored regularly to avoid the osmotic 
effects of glucose (hyperglycemia or hypoglycemia 
causes additional neurological complications). After 
emergency intravenous glucose, oral nutrition with 
carbohydrates should be initiated as soon as possible. Of 
course, intravenous glucose does not prevent recurrent 
attacks or long-term consequences (26).

2.2. Symptomatic treatment

2.2.1. Digestive system

2.2.1.1. Abdominal pain management

Pain stress contributes to neuroendocrine reactions that 
activate ALAS1 and exacerbate symptoms, so pain 
management in patients with AIP is crucial and remains 
a challenge.
 Generally, abdominal pain is severe (visual analog 
scale (VAS) >7 cm, scale from 0 to 10 cm) (27). 
Acetaminophen and non-steroidal anti-inflammatory 
medicines are first-line agents in mild cases (21), 
but parenteral narcotic analgesics (fast-acting opioid 
analgesics) are universally used to treat incapacitating 
pain associated with acute attacks (28). Morphine and 
buprenorphine are the safest of those medications. An 
experimental study indicated that fentanyl, tramadol, 
nalbuphine, oxycodone, and hydrocodone resulted 
in different degrees of porphyrin accumulation (29). 
Addiction to medication warrants attention, although 
few cases of opioid dependence in patients with AIP 
have been reported (30). In addition, neurolysis of 
the celiac ganglion with absolute alcohol has been 
performed as an analgesic strategy in patients with 
refractory neurovisceral pain, subsequent pain control, 
and opioid medication withdrawal (31,32). Thus, 
appropriate therapies (intravenous glucose, heme, and 
safe analgesics) are administered without delay, and 
alleviation of pain should result within 3 to 5 days.

2.2.1.2. Management of other symptoms

Phenothiaz ines ,  such as  chlorpromazine  and 
promethazine, play an important role in managing 
nausea and vomiting (33). Moreover, studies have 
indicated their usefulness in managing anxiety, 
restlessness, pain, and reducing the requirement for 
opioid analgesics. Of course, ondansetron is also a 
good choice for treating nausea and vomiting while 
metoclopramide can trigger an acute attack.
 Intestinal obstruction in patients with AIP is 
considered to be a dynamic obstruction, and constipation 
is a possible cause of patients' abdominal pain. The 
treatment strategies for constipation and an intestinal 
obstruction include eliminating risk factors, giving 
adequate caloric support, and symptomatic treatment. 
Most patients improve after discharge. Symptomatic 
treatment can be given with lactulose (22) or repeated 
enemas (34).

2.2.2. Cardiovascular system

Sympathetic hyperactivity results in tachycardia and 
systemic arterial hypertension during acute attacks 
(29). Beta blockers, angiotensin-converting enzyme 
inhibitors, and calcium channel blockers (diltiazem 
is preferred over nifedipine) are preferred agents, but 
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on oral gabapentin and levetiracetam without any 
adverse reactions (56). A case involving a 12-year-old 
boy with AIP and status epilepticus was resolved with 
intravenous propofol (in addition to the continuation of 
gabapentin and levetiracetam in the event of episodes 
of status epilepticus) (57). The management of seizures 
can be a potential source of iatrogenicity when using 
carbamazepine, phenytoin, or barbiturates; all can 
induce acute attacks of porphyria (54,58,59).
 Careful correction of hyponatremia and hypertension 
is necessary, particularly when those conditions are 
associated with seizures (48). Patients with neurological 
complications (convulsions, progressive neuropathy, 
respiratory insufficiency, and encephalopathy) must be 
cared for in a High Dependency or an Intensive Care 
Unit (33).

2.2.3.1.2. Treatment of SIADH

Hyponatremia is a common symptom of SIADH in 
patients with AIP. The correction of hyponatremia 
should be performed according to hyponatremia 
guidelines developed by professional organizations (60-
63). The strategy should be guided by the symptoms and 
not just by a reduction in serum [Na+] (64).
 First ,  SIADH is associated with euvolemic 
hyponatremia, and fluid restriction (1 L/day) is the best 
option (65). However, carbohydrate loading is the only 
specific therapy in areas where heme is not available. 
During carbohydrate loading, fluid restriction is not 
practical. Moreover, fluid restriction may be poorly 
tolerated because of increased thirst, resulting in poor 
compliance (66,67).
 Second, patients with severe hyponatremia (serum 
[Na+] < 125 mmol/L) should be intravenously infused 
with a 3% saline solution as a bolus of 100-150 mL over 
10-20 min; this should be repeated 2-3 times or until the 
goal of a 5-mEq/L increase in serum [Na+] is met (65). 
For patients with moderate hyponatremia (serum [Na+] 
between 125-129 mmol/L), a 3% hypertonic saline may 
be administered as a continuous infusion. A formula can 
be used to calculate the rate of infusion (68). An initial 
4-6 mEq/L increase is considered sufficient to reduce the 
risk of brain herniation and neurological damage from 
cerebral ischemia. The risk of osmotic demyelination 
syndrome (ODS) increases with chronic hyponatremia. 
Therefore, a limit of 10-12 mEq/L in 24 h or 18 mEq/
L in 48 h seems to be appropriate for patients without 
risk factors for ODS. A correction > 8 mEq/L in 24 h is 
sufficient for high-risk patients (62).
 Third, loop diuretics that increase free water 
excretion rates have proven effective in the treatment of 
SIADH. A combination of low-dose loop diuretics and 
oral sodium chloride is only recommended in European 
guidelines (60,63).
 Finally, vaptans, and tolvaptan in particular, are 
selective competitive vasopressin receptor-2 antagonists 

patients need to be monitored for hypotension and 
bradycardia (35).

2.2.3. Nervous system

Involvement of the CNS manifests as a combination 
of seizures, syndrome of inappropriate antidiuretic 
hormone (SIADH), posterior reversible encephalopathy 
syndrome (PRES), or psychiatric symptoms (agitation, 
hallucinations, anxiety, and depressive behaviors) 
(36,37). Overproduction of ALA via neurotoxicity, 
oxidative damage, modification of glutamatergic 
release, and increased metabolites of the kynurenine 
pathway initiates dysfunction of the CNS as mentioned 
above (38-41). Moreover, the accumulation of ALA 
is assumed to impair normal γ-aminobutyric acid 
(GABA) function, leading to seizures and psychiatric 
symptoms (42-45). Hypothalamic impairment due to 
the neurotoxicity of ALA might cause SIADH, which 
is most often characterized by hyponatremia (37,44). 
Seizures can occur in the event of ALA neurotoxicity, 
decreased GABA activity, hyponatremia, hypertension, 
or PRES (36,44). ALA neurotoxicity and hyponatremia 
may cause psychiatric symptoms in patients with AIP.

2.2.3.1. CNS

2.2.3.1.1. Treatment of seizures

Treatment of seizures is difficult because several 
commonly used medications are highly risky. 
Gabapentin, vigabatrin, levetiracetam, and probably 
bromides or magnesium sulfate can be given safely 
(46,47). Benzodiazepines including diazepam are 
relatively safe (48). The safety of valproate and 
clonazepam is a subject of debate (49). Status epilepticus 
seizures require sedation with propofol. Intravenous 
infusion of magnesium sulphate can effectively treat 
adrenergic symptoms (45,50,51).
 Bromides have been successfully used in an attempt 
to avoid other enzyme-inducing antiepileptic drugs, 
but they frequently have adverse effects on the skin, 
gastroenteric, renal systems, and CNS (52). Taylor 
reported that intravenous magnesium can be used to 
safely treat seizures in AIP (53). Tatum and Zachariah 
described successful seizure control with gabapentin 
in two patients with AIP without exacerbating acute 
attacks (54). Zadra et al. reported a female patient 
who had both partial and generalized seizures with 
AIP and who remained seizure-free and attack-free 
on gabapentin alone (47). Another report described a 
patient with hereditary coproporphyria treated with 
levetiracetam, and that medication did not exacerbate 
porphyria (55). Zaatreh described a patient with AIP 
and status epilepticus who was successfully treated 
with a combination of intravenous magnesium and 
oral levetiracetam and who was thereafter maintained 
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that have been used in recent years (69). The usual 
starting dose is 15 mg/day. However, lower doses (e.g. 
7.5 mg/day) may be effective in clinical practice to 
guarantee a desired serum [Na+] increase (64). If the 
[Na+] rise is less than 5 mEq/L in 24 h, the daily dose 
can be increased up to a maximum of 60 mg (64).
 However, overcorrections and adverse reactions, 
such as hypotension or liver toxicity, are relatively 
frequent (70,71). Tolvaptan must be discontinued when 
liver injury is suspected. The use of vaptans differs 
according to the US recommendations and European 
guidelines (59-62). The US recommendation suggest 
using vaptans only in the event of chronic hyponatremia 
as a second option after fluid restriction.

2.2.3.1.3. Psychiatric symptoms

A variety of psychiatric symptoms, such as depression, 
anxiety, insomnia, and even schizophrenia and 
hallucinations, may occur during an acute attack (40). 
Severe agitation, insomnia, and anxiety can be treated 
with low-dose short-acting benzodiazepines and 
chlorpromazine (33). Tricyclic antidepressants (TCAs) 
have the worst security profile among antidepressants. 
Of all selective serotonin reuptake inhibitors (SSRIs), 
only fluoxetine is categorized as non-porphyrogenic. 
A 25-year-old woman with AIP received fluoxetine 
(20 mg/day) for 9 weeks for depressive symptoms. 
Fluoxetine seems to be efficacious without causing 
any adverse reactions (72). Duloxetine is the serotonin 
norepinephrine reuptake inhibitor (SNRI) with the most 
favorable profile (40). Hallucinations should be treated 
with phenothiazine or olanzapine (22). Databases 
should be consulted to determine the porphyrogenicity 
of different medications. The Norwegian Porphyria 
Centre (NAPOS) and American Porphyria Foundation 
(APF) databases are now available in Porphyria Drug 
Safety finder (73-75).

2.2.3.2. Peripheral nervous system

Peripheral neuropathy caused by ALA neurotoxicity 
and heme deficiency is a common neurological 
manifestation of AIP (60). Patients may present with 
muscle weakness, paresis, bulbar paralysis, sensory 
neuropathy (include paresthesia, hypoesthesia, and 
neuropathic pain), or the like (61-63). The pain 
score and the severity of muscle weakness should be 
evaluated daily (22). Bulbar paresis and increasing 
muscle weakness are signs of an acute attack, and the 
patient should be transferred to the intensive care unit. 
Vital capacity, reduced by paralysis of the intercostal 
muscles, increases the risk of pneumonia and may 
require early mechanical ventilation (22). It may be 
necessary for several months if respiratory failure has 
occurred. Patients with paresis require rehabilitation 
therapy as soon as possible. Paralysis can usually 

be reversed with proper management and months of 
recovery (46).

3. Prevention of attacks

3.1. Eliminating precipitating factors

The most important preventive measure for AIP is 
to eliminate all predisposing factors that may cause 
an acute attack. This includes avoiding unsafe drugs 
(such as barbiturates, anticonvulsants, some sedatives, 
antibiotics, antifungals, and hormones), fasting, alcohol 
use, smoking, infections, and stress and encouraging 
adequate calorie and carbohydrate intake (25,33,44). 
These triggers significantly increase the hepatic heme 
requirement, and the reduction in hepatic free heme 
leads to the synthesis of ALAS1. Given that drugs are 
an important cause of acute attacks of AIP, patients 
with AIP should be referred to the American Porphyria 
Foundation (APF), the Norwegian Porphyria Centre 
(NAPOS), or the Porphyria Drug Safety finder to ensure 
safe use of medications (28). Extreme dieting, severe 
caloric restriction, and starvation should be avoided 
(76). Patients should be advised to maintain a balanced 
diet with a slightly higher carbohydrate content (60-
70% of total calories). There is little evidence that extra 
carbohydrates in the diet help further prevent attacks, 
and trying to increase carbohydrate intake may only 
lead to unwanted weight gain. Obese patients should lose 
weight gradually while they are clinically stable (10). 
In addition, patients should give up smoking and limit 
alcohol. Generally, no more than two drinks a day for 
men and no more than one for women are recommended 
(16).
 Studies have reported that 10-30% of cyclical AIP 
episodes occur in the luteal phase of the menstrual cycle 
(77,78). Probably the main factor provoking a crisis is 
the ovarian hormone progesterone (79-80). Progesterone 
is a porphyrin inductor and an effective inducer of 
ALAS1 (78,81). Therefore, women with recurrent 
premenstrual attacks of AIP can be given GnRH 
analogues (leuprolide or histrelin) to prevent ovulation 
and alleviate symptoms (16). GnRH treatment is initiated 
during the first 1-3 days of a menstrual cycle to reduce 
the risk of an AIP attack precipitated by transient ovarian 
stimulation (15). Possible adverse reactions include 
depression, hot flushes, reduced libido, osteoporosis, and 
other menopausal symptoms (33). Women with frequent 
attacks that appear to be associated with their cycle can 
tentatively receive a GnRH analogue for 3 months, and 
it can be discontinued if ineffective (15). Receiving the 
GnRH analogue continuously for more than 6 months 
carries an irreversible risk of bone loss. If, therefore, such 
treatment continues, a low dose of estradiol (preferably 
via the percutaneous route) or bisphosphonate may be 
added to prevent bone loss and other adverse reactions, 
or the treatment may be switched to a low-dose oral 
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contraceptive (10). Bone density should be assessed 
annually to ensure there is no ongoing bone loss. In 
addition, there is a continuing risk of endometrial 
dysplasia in the absence of progesterone, so endometrial 
monitoring by a gynecologist should be performed at 
least annually (15). The efficacy of GnRH analogues 
should be reviewed after one year (33).

3.2. Heme prophylaxis

Heme prophylaxis may be effective in preventing 
attacks, and it is particularly appropriate in preventing 
frequent (four or more episodes per year), noncyclic 
attacks (15). The prophylactic dose of heme is 3-4 mg/
kg of body weight, once or twice a week, administered 
intravenously (10,81). Heme is a short-acting drug. 
Therefore, prophylactic administration of heme is less 
likely to be effective if administered less frequently than 
weekly (81). The main adverse reaction to frequent use 
is damage to the superficial venous system, which may 
necessitate the use of a central venous catheter. Iron 
overload is a major complication, and serum ferritin 
should be monitored in the event of repeated use (44). 
If necessary, a phlebotomy should be performed to treat 
iron overload (15). Serum ferritin may not be a reliable 
indicator of iron overload in some circumstances, as 
ferritin levels may rise sharply after hemin infusion (81). 
Other potential adverse reactions to intravenous heme 
include transient thrombocytopenia and prolongation of 
prothrombin time (82,83).
 After 6-12 months of repeated prophylactic 
treatment, the need for continued prophylactic use of 
heme should be reassessed. A study has reported that 
stopping treatment and starting again if necessary may 
be more effective than gradually reducing the dose or 
the number of doses given (15).
 Compared to the treatment of acute attacks, 
weekly planned prophylactic use of heme significantly 
reduced the number of hospitalizations and emergency 
department visits by patients with AIP, thus improving 
their overall quality of life (84). Another important 
benefit was an improved doctor-patient relationship, 
which is crucial to better management of patients with 
AIP.

3.3. Liver transplantation

Correcting genetic defects in PBG deaminase through 
orthotopic liver Transplantation (OLT) is an alternative 
to suppressing ALAS activation. This approach has 
been found to be an effective treatment option that 
alleviates symptoms and normalizes biomarkers 
within 3 days of transplantation (44). Indications for 
OLT include intractable acute attacks not responsive 
to medical treatment, recurrent acute attacks severely 
affecting quality of life, and repeated severe life-
threatening acute attacks leading to prolonged 

ventilation (26,33). In AIP, common complications 
of OLT include hemorrhage, bile leak, and renal 
dysfunction (87). Studies have reported an increased 
risk of hepatic artery thrombosis (HAT) in patients 
with AIP who undergo OLT. Up to 40% of patients 
with AIP after liver transplantation have HAT (85,86). 
Ten patients with AIP have undergone OLT in the UK 
and Ireland and have been cured with biochemical and 
clinical remission. However, HAT occurred in 4 of the 
10 patients who received liver transplants for AIP (85). 
For this reason, routine anticoagulation is administered 
post-operatively (44). In addition, hemin injection may 
lead to an iron overload and vascular damage, which 
may limit the the conduct of OLT (86). Lastly, patients 
who have hepatic iron overload pre-transplant have 
worse long-term outcomes following transplantation 
(87). Moreover, transplantation cannot completely 
repair the long-standing injury to motor nerves and the 
CNS (88).

3.4. Emerging therapy-Givosiran (siRNA-ALAS1)

3.4.1. Mechanism

With advances in small interfering RNA (siRNA) and 
its targeting technology, siRNA targeting liver ALAS1 
expression has become a new treatment for AIP (89,90).
Givosiran (Alnylam Pharmaceuticals, Cambridge, MA, 
USA), a double-stranded ALAS1 specific siRNA, is 
linked to a ligand containing three N-acetylgalactosamine 
(GalNAc) residues that targets and interacts with liver 
asialoglycoprotein receptor (ASGPR) (91,92). Within 
the hepatocyte, RNA is cleaved by cellular enzymes into 
fragments of approximately 20 bp and then separated into 
single strands, which bind to and silence ALAS1 mRNA, 
therefore inhibiting the translation and expression of the 
ALAS1 protein (1,91,92).

3.4.2. Trials

In preclinical studies of rodent and non-human primate 
models of AIP, use of an siRNA targeting ALAS1 
(siRNA-ALAS1) was associated with a rapid reduction 
in urine and plasma ALA and PBG levels and effective 
prevention of acute attacks (93,94). In a phase I clinical 
trial (NCT02452372) in adults with AIP, a single 
2.5- mg/kg dose of givosiran similarly resulted in a 
maximum average reduction in the urinary ALA, PBG, 
and ALAS1 mRNA levels by 86%, 91%, and 96%, 
respectively (91,95). In patients with recurrent acute 
attacks, a once-monthly dose of givosiran (2.5 or 5 mg/
kg) resulted in a maximum reduction of ALAS1 mRNA 
from baseline levels of 67% or 74% (95,96). Urinary 
ALAS1 mRNA levels were significantly associated with 
ALA and PBG levels (P < 0.001) (93).
 In  a  mul t ina t ional  phase  I I I  c l in ica l  t r ia l 
(NCT03338816), 89 patients with AIP were randomly 
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assigned to receive subcutaneous givosiran (2.5 mg/
kg) monthly or a placebo for 6 months (97). Compared 
to the placebo group, monthly subcutaneous injection 
of givosiran 2.5 mg/kg significantly reduced the 
composite annualized attack rate (ARR) for AIP attacks 
(mean composite ARR 3.2 vs. 12.5) (91). The median 
composite ARR was 10.7 for givosiran and 1.0 for 
the placebo. During the period of the intervention, 
the percentage of patients without acute attacks in the 
treatment group increased threefold compared to the 
placebo group (50 vs. 17%) (91,95). In the treatment 
group, the mean annualized number of days of heme 
use was markedly lower than that in the placebo group 
(6.8 vs. 29.7days) (91). The percentage of patients that 
used any opioids in the treatment group decreased by 
20% compared to the placebo group (67 vs. 88%) (97). 
The average ALA and PBG levels in the givosiran 
group were 77% and 76%, respectively (86,96,97).

3.4.3. Pharmacokinetics

Givosiran is absorbed from the subcutaneous (SC) 
injection site, reaches a peak plasma concentration 
within 0.5-5 hours, and is then eliminated with a 
half-life of 4-10 hours (96). Givosiran and its active 
metabolite AS(N-1) 3'givosiran have equal potency 
(91,96,98). Givosiran and AS(N-1) 3'givosiran reduce 
the levels of ALA and PBG in a dose-dependent 
manner over the 0.35 to 2.5 mg/kg dose range (95,96). 
However, increasing the dose to 5.0 mg/kg did not 
result in an additional reduction in PBG at a dose of 
2.5 mg/kg (96). Compared to quarterly administration, 
monthly administration results in greater and more 
sustained reductions in ALA and PBG (95).
 Preclinical research indicated that siRNA-ALAS1 
did not cause hepatic heme deficiency and did not 
decrease cytochrome P450 2E1 activity (94,95). In a 
drug-drug interaction study, however, givosiran had a 
moderate effect on CYP2D6 and CYP1A2, a weaker 
effect on CYP3A4 and CYP2C19, and no effect on 
CYP2C9. The simultaneous use of givosiran with 
CYP1A2 (e.g. caffeine) and CYP2D6 (e.g. opioid) 
substrates should be avoided since this medicine may 
increase or prolong their therapeutic effect (98,91).

3.4.4. Adverse reactions

In a phase III clinical trial of givosiran, common adverse 
reactions occurred more frequently in the givosiran group 
than in the placebo group (91,97). Those reactions were 
elevated transaminase (15 vs. 2%), increased serum 
creatinine (CRE) (15 vs. 4%), injection site reactions 
(25 vs. 0%), nausea (27 vs. 11%), a rash (17 vs. 4%), 
and fatigue (10 vs. 4%). Sardh et al. reported that 
one patient had a serious adverse event (spontaneous 
abortion) after receiving givosiran at a dose of 1.0 mg/
kg (95). In placebo-controlled and open-label studies, 

one patient (0.9%) had an allergic reaction, and another 
patient (0.9%) developed treatment-induced anti-drug 
antibodies (ADA) during treatment (98). The levels of 
alanine transaminase (ALT) increased mainly within 3-5 
months after administration, and elevated levels in most 
patients return to normal after givosiran was continued 
(91,98). In a phase III clinical trial, one patient (0.9%) 
in the givosiran group discontinued treatment due 
to elevated ALT 9.9 times the upper limit of normal 
(ULN). One patient with an elevated ALT of 5.4 times 
the ULN temporarily discontinued treatment and 
resumed at a lower dose (1.25 mg/kg), without elevated 
ALT recurring (97). Decreased liver detoxification 
capacity maybe a potential complication of long-
term downregulation of ALAS1 (11,96). However, 
givosiran has not been linked to acute liver impairment 
with jaundice (99). The increased CRE level and 
associated decreases in the glomerular filtration rate 
(eGFR), which occurred early during the 6-month 
period, are considered mostly transient and reversible 
(97). For chronic diseases, the 6-month follow-up 
period is relatively short, and a longer follow-up 
period is needed to evaluate the safety of treatment 
(11). There are limited data on the use of givosiran 
by pregnant women. Studies in animals have found 
that administration of givosiran during organogenesis 
resulted in adverse developmental outcomes (97,98). 
Human heme oxygenase 1(HMOX1) is an enzyme 
that plays a key role in placental biology, heme is 
a substrate of HMOX1, and the placenta expresses 
givosiran-targeted ASGPR (100). To minimize the risk 
of pregnancy, all programs require women to use birth 
control when receiving givosiran (97). Injection-site 
reactions to givosiran is similar to those of other RNA 
interference drugs (e.g. patisiran), indicating that this 
may be related to this type of drug (11).

3.4.5. Medication instructions

Givosiran is approved by the US Food and Drug 
Administration (FDA) and European Medicines Agency 
(EMA) as a drug for acute hepatic porphyria (AHP) 
in adults and adolescents 12 years of age and older 
(98,101). The dose for patients ≥ 12 years to < 18 years 
is the same as for adults (91,98). The approved dose 
for an SC injection of givosiran is 2.5 mg/kg once a 
month; if a dose is missed, it should be given as soon 
as possible. The dose does not need to be adjusted for 
patients with mild liver impairment, bilirubin ≤ 1 × 
ULN and aspartate aminotransferase (AST) > 1 × ULN, 
or bilirubin > 1 × ULN to 1.5 × ULN. Discontinuing the 
drug and reusing at dose of 1.25 mg/kg once monthly 
should be considered for patients with clinically relevant 
elevated ALT (98). No studies have been conducted 
in patients with end-stage renal disease and moderate 
or severe liver impairment (91,98). (features and 
applications of givosiran are shown in Table 1)
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3.5. Potential treatment

New therapeutic advances indicate that AIP can be 
addressed etiologically by correcting the deficiency 
in PBGD. The first approach involves increasing the 
expression of the deficient protein via recombinant 
adeno-associated virus (rAAV)-mediated transfer of 
human PBGD (hPBGD) cDNA. In the second method, 
hPBGD mRNA is packaged into lipid nanoparticles 
(LNP) and taken up by hepatocytes (102).

3.5.1. PBGD cDNA

Due to their poor transfection efficiency, AIP gene 
therapies with a non-viral vector and first-generation 
adenovirus vector were unsuccessful (103-104). Now, 
rAAV vectors have good biological safety and can 
maintain a high level of liver transgene expression 
for a long time (105). The introduction of the PBGD 
gene into mice with AIP via non-viral vectors does not 
produce sufficient levels of PBGD (103). Annika et al. 
successfully transfected adenovirus-mediated PBGD 
cDNA into PBGD-deficient mice (104,106). This led to 
increased PBGD expression in the liver and eliminated 
the accumulation of ALA and PBG in mice with AIP 
induced by phenobarbital. However, the first-generation 
adenovirus-mediated transgene is not suitable for 
clinical use because of transient expression and host cell 
immune response (104).
 Makiko et al. injected the rAAV8 serotype vector 
(rAAV2/8-hPBGD) encoding the mouse hPBGD gene 
into the peritoneum of mice with AIP, resulting in an 
increase in liver PBGD activity. During acute attacks, 
it prevented an increase ALA and PBG over 36 weeks 
(105). rAAV8-mediated PBGD activity may increase 
the biosynthesis of heme and then down-regulate the 
expression of liver ALAS1. Importantly, rAAV2/8-
hPBGD treatment improved neuromotor function in 
mice with AIP (106,107). Adding specific enhancer 
factors to the promoter of the AIP gene vector can 

enhance gene expression in mice with AIP (108,109).
 In 2009, this gene therapy vector was utilized as an 
orphan drug for the treatment of AIP (110). In an initial 
human phase I clinical trial (NCT02082860), therapy 
with the rAAV5 vector encoding hPBGD (rAAV2/5-
hPBGD) proved safe in patients with AIP (105,111). 
No serious adverse events related to treatment were 
observed after 8 patients were intravenously injected. 
Although ALA and PBG levels remain unchanged, 
the number of hospitalizations and frequency of heme 
treatment tend to decrease. All patients developed 
neutralizing antibodies against rAAV5. An important 
safety issue is the potential genotoxicity of the vector 
(111). Nault et al. reported the presence of integrated 
wild-type (wt) AAV genomes in HCC samples from 
11 of 193 patients (112). However, the AAV vectors 
detected in liver biopsies from 6 patients with AIP after 
1 year of treatment did not involve the carcinogenic 
regions reported in patients with HCC (105,111).
 Liver-directed gene therapy may be effective in 
correcting AIP. However, this technology has many 
unresolved problems. First, there are no biochemical 
indicators of the effectiveness of gene therapy (102,105). 
Second, repeated administration is required. However, 
initial exposure to the viral vector will lead to the 
development of neutralizing antibodies (17,102). 
Therefore, rAAV-hPBGD gene therapy requires a 
balance between sufficient transgene expression and 
destructive immune responses, and this may be affected 
by the serotype of the rAAV vector. Finally, individual 
differences in transfection efficiency lead to inherent 
variability in levels of PBGD protein expression 
(17,105).

3.5.2. PBGD mRNA

Compared to rAAV-hPBGD gene therapy, hPBGD 
mRNA packed into LNP may be a cheaper and less 
immunogenic strategy. In addition, mRNA does not 
require nuclear localization, so it has minimal risk 

Table 1. Features and applications of givosiran

Alternative names

Mechanism of action

Indications

Posology and method of administration

Interaction with other medicines

Adverse reactions

Dose modification for adverse reactions

Fertility, pregnancy, and lactation

Givlaari™

small interfering RNA (siRNA); targeting ALAS1 mRNA

AHP in adults and adolescents 12 years and older

2.5 mg/kg , once monthly, subcutaneous injection

CYP1A2 Theophylline; caffeine
CYP2D6 Pain management (opioid , NSAIDs, and triptan)
                Antidepressants (TCAs, SSRIs, and SNRIs)
                Antipsychotics

Hypersensitivity, nausea, rash, elevated transaminase, fatigue, decreased eGFR, injection site reactions

1.25 mg/kg dose per month

Uncertain



www.irdrjournal.com

Intractable & Rare Diseases Research. 2020; 9(4):205-216.212

of causing an insertion mutation (17). LNP protects 
mRNA from nuclease-mediated degradation (113). It 
also shields mRNA from the immune system (114). 
LNP interacts with apolipoprotein E (ApoE) and low-
density lipoprotein (LDL) receptors, which mediate 
the internalization of LNP into hepatocytes (113). 
hPBGD mRNA can produce PBGD protein in the liver 
of patients with AIP through the cell's endogenous 
translation mechanism (113-115).
 In animal models of AIP, Jiang et al. gave mice a 
single intravenous injection of LNP encoding hPBGD 
mRNA at different doses (0.2 or 0.5 mg/kg). More than 
90% of hepatocytes expressed high levels of hPBGD 
protein 2 h after administration. On day 10 post-
injection, this protein is still detectable, indicating that 
it can remain in the liver for a long time (116). During 
an acute attack of AIP induced with phenobarbital, a 
single injection of hPBGD mRNA (0.2 or 0.5 mg/kg) 
can rapidly normalize ALA and PBG levels. Intravenous 
injection of mRNA can prevent acute attacks of AIP. 
There is a link between the dose and efficiency of a 
single administration (17). Mice with AIP that received 
hPBGD mRNA (0.05 or 0.1 mg/kg) had partial 
protection against PBG accumulation and pain. In 
contrast, doses of hPBGD mRNA (0.2 or 0.5 mg/kg) 
provided full protection against PBG accumulation and 
pain (102,117).
 Surprisingly, intravenous injection of hPBGD 
mRNA can protect against the significant up-regulation 
of hepatic ALAS1 during recurrent acute attacks of 
AIP in mice (117). hPBGD mRNA can normalize the 
storage of heme in hepatocytes. hPBGD mRNA can 
not only deal with abnormal biochemical indicators 
but also protect against pain and movement disorders. 
It also normalizes high blood pressure during acute 
attacks (17,117). Repeated intravenous injection of 
hPBGD mRNA was well tolerated by mice and non-
human primates. No adverse events occurred during 
administration or follow-up (117). After single and 
repeated intravenous injections of hPBGD mRNA (0.5 
mg/kg), PBGD protein activity increased by 80% while 
liver function was still within the normal range. In 
addition, there were no significant changes in antibodies 
against the hPBGD protein (ADA) (113,117).
 In general, intravenous injection of hPBGD mRNA 
can induce the expression of PBGD protein in non-
human hepatocytes and rapidly normalize the excretion 
of porphyrin precursors during acute attacks (117). 
Repeated administration has sustained efficacy without 
causing adverse events. Moreover, hPBGD mRNA 
protects against hypertension, pain, and movement 
disorders. Clinical trials need to be conducted to verify 
the safety and feasibility of this promising treatment 
(102).

4. Long-term monitoring and treatment of chronic 
complications

Chronic complications of AIP include systemic arterial 
hypertension, renal impairment, liver impairment, 
HCC, chronic pain, a few psychiatric symptoms, and 
peripheral neuropathy. AIP causes a high incidence of 
systemic arterial hypertension, which is a key cause of 
renal impairment, so timely antihypertensive treatment 
should be provided. Annual examination of creatinine 
and eGFR are also recommended for all patients. In 
addition, patients with AIP should refrain from using 
nephrotoxic drugs and drink more water (16). The 
angiotensin-converting enzyme inhibitor losartan may 
delay the development of renal impairment (10,102). 
If the patient has already developed renal impairment, 
blood purification or kidney transplantation is often 
helpful. For patients with AIP and kidney failure, 
renal transplantation or combined liver-kidney 
transplantation can have a good curative effect (16, 
102). Liver impairment is common in patients with AIP. 
The incidence of HCC in symptomatic patients with 
AIP over 50 years of age is about 3%, which is about 
80 times higher than that in individuals without AIP 
(1,10,118). Liver enzymes and liver function should 
be regularly checked in patients to determine if liver 
impairment has occurred (16,46). Alpha-fetoprotein 
(AFP) should be checked and ultrasound should be 
performed annually on patients over the age of 50 years 
to facilitate the early discovery of HCC (10,16,46). 
Screening for HCC is even more important if PBG 
and ALA levels continue to rise (10). Treatment with 
ursodeoxycholic acid and cholestyramine is a potential 
option for patients with liver impairment. Elimination of 
redundant protoporphyrin via plasma exchange can also 
delay the progression of liver impairment (119). OLT is 
the most thorough treatment for liver failure and HCC. 
Pain due to porphyria can be chronic and should be 
prevented from becoming acute pain. Medications such 
as gabapentin and amitriptyline can alleviate chronic 
pain (28). Patients with AIP may also experience a 
variety of psychiatric symptoms, such as depression 
and anxiety. In addition, individuals with AIP are four 
times more likely to suffer from bipolar disorder or 
schizophrenia than those without AIP (120). Peripheral 
neuropathy can also become chronic and may present 
as multiple mononeuritis or myasthenic syndrome (28). 
Therefore, patients with AIP should be monitored for 
psychiatric symptoms and peripheral neuropathy, and 
rehabilitation therapy should be provided.

5. Conclusion

As a rare disease, AIP can pose a challenge in terms 
of treatment and management. Heme and glucose 
are specific treatments for acute attacks. In addition, 
symptomatic treatment is necessary. Educating patients 
to eliminate precipitating factors is the key to preventing 
attacks. Heme prophylaxis can effectively control 
recurrence. The emergence of givosiran represents 
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great progress in treating AIP based on its etiology, 
and hPBGD mRNA is a promising treatment. Liver 
transplantation is the last resort for patients with AIP. 
Generally, patients with AIP need long-term monitoring. 
Symptomatic therapies and safe medicines to treat acute 
AIP attacks are summarized in Table 2.
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