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Abstract
Givosiran  (Givlaari®) is an δ-aminolevulinic acid synthase 1 (ALAS1)-directed small interfering RNA (siRNA) approved for 
the treatment of acute hepatic porphyria (AHP). In the phase 3 ENVISION trial, givosiran significantly reduced the annual-
ized rate of composite porphyria attacks (i.e. attacks requiring hospitalization, urgent healthcare visit or intravenous hemin 
administration at home) compared with placebo in patients with recurrent acute intermittent porphyria (the most common 
type of AHP) attacks. Givosiran also improved several other outcomes, including hemin use and pain (the cardinal symptom 
of AHP). While generally well tolerated with an acceptable safety profile, the drug may increase the risk of hepatic and 
kidney adverse events. Givosiran offers the convenience of once-monthly subcutaneous administration. Available evidence 
indicates that givosiran is an important newer therapeutic option for patients with AHP and severe recurrent attacks.
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Givosiran: clinical considerations in AHP 

ALAS1-directed siRNA

Convenient once-monthly subcutaneous administration

Significantly reduces the annualized rate of composite 
porphyria attacks versus placebo

Generally well tolerated and acceptable safety profile

1 Introduction

Acute hepatic porphyria (AHP) is a family of four rare 
inherited disorders caused by mutations in genes encod-
ing enzymes involved in the haem biosynthesis pathway 
[1–3]. The four types are acute intermittent porphyria 
(AIP), hereditary coproporphyria, variegate porphyria and 
δ-aminolevulinic acid dehydratase (ALAD)-deficient por-
phyria, caused by mutations in the HMBS, CPOX, PPOX 
and ALAD genes, respectively [3]. The estimated preva-
lence is 5–10, 0.5 and 0.5 per 100,000 individuals for AIP, 
hereditary coproporphyria and variegate porphyria, respec-
tively; ALAD-deficient porphyria is very rare, with only 12 
reported cases worldwide [3]. The estimated clinical pen-
etrance of AIP is ≈ 1% [4]. AHP attacks occur mostly in 
women of reproductive age [1, 5].

AHP is characterized by upregulation of hepatic 
δ-aminolevulinic acid synthase 1 (ALAS1), lead-
ing to accumulation of neurotoxic haem intermediates, 
δ-aminolevulinic acid (δ-ALA) and porphobilinogen (PBG) 
[1, 2, 6–8]. These compounds cause injury mainly to the 
nervous system, resulting in debilitating and potentially life-
threatening acute porphyria attacks as well as chronic symp-
toms. The acute attacks manifest as neurovascular symp-
toms such as diffuse abdominal pain (primary symptom), 
nausea, vomiting, weakness, constipation and psychiatric 
symptoms [1, 2, 6]. AHP can also contribute to long-term 
comorbidities, including chronic kidney disease, systemic 
arterial hypertension, chronic neuropathy and liver disease 
[1, 2, 5, 9]. Acute porphyria attacks typically last 3–5 days 
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[10], although they can last 1–2 weeks or longer in some 
patients [11].

AHP presents considerable clinical heterogeneity, with at 
least four major subgroups identified: symptomatic patients 
with sporadic attacks; symptomatic patients with recurrent 
acute attacks; asymptomatic patients with elevated urinary 
δ-ALA and PBG levels (chronic high excretors); and, asymp-
tomatic patients without elevated urinary δ-ALA and PBG 
levels [7]. Most symptomatic patients will experience a few 
attacks in their lifetime and up to 8% of patients will have 
severe disease and recurrent attacks [12], typically defined 
as ≥ 4 attacks requiring admission to hospital for treatment 
in one or more years [13]. There is a need for treatment to 
durably decrease the frequency of recurrent AHP attacks and 
reduce the long-term complications of these attacks.

A novel approach to preventing recurrent AHP attacks 
is to reduce hepatic ALAS1 activity with synthetic small 
interfering RNAs (siRNAs) [14–16]. Subcutaneous givo-
siran  (Givlaari®) is an ALAS1-directed siRNA approved for 
the treatment of AHP. This review focuses on the efficacy 
and tolerability of givosiran in patients with AHP and briefly 
summarizes its pharmacological properties.

2  Pharmacodynamic Properties of Givosiran

Givosiran is a synthetic double-stranded siRNA that inhib-
its the production of ALAS1 in hepatocytes and thereby 
reduces circulating levels of δ-ALA and PBG [2, 17, 18]. 
It is designed to be selectively delivered to hepatocytes 
through asialoglycoprotein receptor-mediated endocytosis. 
Givosiran is composed of a metabolically stable siRNA 
covalently conjugated to a synthetic trivalent N-acetylga-
lactosamine ligand. The conjugate binds to the asialogly-
coprotein receptors on hepatocytes with high specificity 
and affinity, triggering endocytosis. Once internalized, the 
siRNA is incorporated into the RNA-induced silencing 
complex (RISC), followed by separation of the two strands. 
When the RISC with the functional (antisense) strand binds 
to ALAS1 mRNA, a catalytic process ensues where a single 
RISC cleaves and degrades a large number of target mRNAs, 
preventing ALAS1 protein synthesis [2, 17, 18].

A preclinical proof-of-concept study demonstrated the 
effectiveness of a siRNA in silencing hepatic ALAS1 in a 
mouse model of AIP [19]. In a subsequent study, prophy-
lactic administration of givosiran prevented phenobarbi-
tal-induced upregulation of hepatic ALAS1 expression 
in a rat model of AIP, with corresponding reductions in 
urinary δ-ALA and PBG levels [20]. In a mouse model of 
AIP, givosiran was significantly (p < 0.05) more effective 
than hemin in reducing liver and serum ALAS1 mRNA at 
24 h and 48 h post treatment. Furthermore, a single sub-
cutaneous administration of givosiran dose-dependently 

reduced liver, serum and urinary ALAS1 mRNA levels in 
cynomolgus monkeys; with multiple weekly administra-
tions, the reduction in serum ALAS1 mRNA levels was 
rapid, robust and sustained throughout the dosing phase, 
with the levels returning to baseline 42 days after the last 
dose [20].

Givosiran showed robust pharmacodynamic activity in 
patients with AIP in a multicentre, randomized, placebo-
controlled, 3-part phase 1 trial [21]. A single 0.035–2.5 mg/
kg dose (part 1) or two 0.35 or 1.0 mg/kg doses 28 days 
apart (part 2) produced rapid, dose-dependent reductions 
from baseline in serum ALAS1 mRNA and urinary levels of 
δ-ALA and PBG in chronic high excretors. In part 3, patients 
with recurrent porphyria attacks were randomized to four 
once-monthly 2.5 or 5.0 mg/kg doses, two once-quarterly 
2.5 or 5.0 mg/kg doses or placebo in a double-blind man-
ner. The maximum reductions in serum ALAS1 mRNA from 
baseline were 67% and 74% with monthly 2.5 and 5.0 mg/kg 
doses, and 49% and 53% with quarterly 2.5 and 5.0 mg/kg 
doses. These reductions were sustained through the end of 
the trial (day 168) and were accompanied by rapid and sus-
tained reductions in urinary δ-ALA and PBG levels (> 90% 
reduction with monthly doses). The once-monthly regimen 
produced greater reductions in urinary δ-ALA and PBG 
levels and lower peak-to-trough fluctuations than the once-
quarterly regimen. Givosiran recipients who achieved the 
greatest reduction in δ-ALA level had the lowest annualized 
attack rate (AAR) [21]. The effect of the approved givosiran 
regimen on δ-ALA and PBG levels in patients with AIP in 
the phase 3 ENVISION trial is discussed in Sect. 4.

3  Pharmacokinetic Properties of Givosiran

Subcutaneous givosiran and its active metabolite AS(N-1)3′ 
givosiran (equipotent to givosiran) exhibit linear plasma 
pharmacokinetics over a dose range of 0.35–2.5 mg/kg [22, 
23]. At the recommended 2.5 mg/kg once monthly regimen, 
givosiran exhibits time-independent pharmacokinetics [22, 
23].

The key pharmacokinetic properties of givosiran and its 
active metabolite are summarised in Table 1 [23, 24]. Fol-
lowing subcutaneous administration, givosiran is rapidly 
absorbed and is > 90% plasma protein-bound at the 2.5 mg/
kg once monthly dosage [22, 23]. Since givosiran is a liver-
targeted therapy, plasma concentrations are not reflective 
of the extent or duration of its pharmacodynamic activity. 
Givosiran is rapidly taken up by, and distributes primar-
ily to, the liver where it exhibits a long half-life resulting 
in sustained pharmacodynamic activity over the monthly 
dosing interval. Givosiran is metabolised by nucleases 
to oligonucleotides of shorter lengths and is not metabo-
lized by CYP450 enzymes. AS(N-1)3′ givosiran is a major 
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metabolite in plasma, with 45% exposure (area under the 
plasma concentration-time curve from time zero to 24 h) 
relative to givosiran at the 2.5 mg/kg once monthly dosage. 
Givosiran and AS(N-1)3′ givosiran are eliminated primarily 
by kidneys, with up to 14% of the administered dose recov-
ered in the urine [22, 23]. The pharmacokinetics of givosiran 
and its active metabolite after multiple doses were generally 
similar to that after single dose, with no accumulation [24].

No clinically relevant differences in givosiran pharma-
cokinetics were observed based on age, gender, race, kidney 
impairment [mild, moderate or severe; estimated glomerular 
filtration rate (eGFR) ≥ 60 to < 90, ≥ 30 to < 60 and ≥ 15 to 
< 30 mL/min/1.73  m2, respectively) or mild hepatic impair-
ment [bilirubin ≤ 1 × upper limit of normal (ULN) and 
aspartate transaminase (AST) > 1 × ULN, or bilirubin > 1 
to 1.5 × ULN] [22, 23]. The effects of kidney failure and 
moderate to severe hepatic impairment on the pharmacoki-
netics of givosiran have not been studied [22, 23].

Downregulation of ALAS1 mRNA expression in the liver 
by givosiran, combined with defective haem synthesis in 
AHP, could lower hepatic haem content, which in turn could 
reduce the activity of haem-dependent hepatic proteins such 
as CYP450 enzymes. In a drug–drug interaction study in 
patients with AIP, givosiran moderately inhibited CYP1A2 
and CYP2D6, weakly inhibited CYP3A4 and CYP2C19, 
and had no effect on CYP2C9 [25]. Caution is recommended 
when substrates of CYP1A2 (e.g. caffeine) and CYP2D6 
(e.g. dextromethorphan) are concomitantly used with givo-
siran, as givosiran may increase plasma concentrations of 
these substrates and alter their adverse event (AE) profiles 
[22, 23]. If concomitant use is unavoidable, reducing the 

CYP1A2 and CYP2D6 substrate dosage in accordance with 
approved product labelling should be considered [22, 23].

4  Therapeutic Efficacy of Givosiran

Givosiran reduced the AAR and hemin use in patients with 
AIP who had recurrent attacks in a phase 1 study (Sect. 2) 
[21] and its open-label extension (OLE) [26]. This section 
focuses on the efficacy of givosiran in patients with recurrent 
AHP attacks in the randomized, double-blind, multinational 
phase 3 ENVISION trial [27] and its OLE period [28].

The key eligibility criteria in ENVISION included age 
≥ 12 years, documented diagnosis of AHP, urinary δ-ALA 
or PBG levels ≥ 4 × ULN, a confirmed AHP mutation or 
biochemical and clinical presentation of AHP (if a AHP 
mutation was not identified), and at least two compos-
ite porphyria attacks (i.e. those requiring hospitalization, 
urgent healthcare or intravenous hemin at home) within the 
6 months prior to screening [27]. The key exclusion crite-
ria were alanine aminotransferase (ALT) > 2 × ULN, total 
bilirubin > 1.5 × ULN, eGFR < 30 mL/min/1.73  m2, inter-
national normalized ratio > 1.5 (> 3.5 if on anticoagulants), 
active HIV, hepatitis B or C virus infection, and anticipated 
liver transplantation [27].

Randomization was stratified by AHP types, previous use 
of hemin prophylaxis and AAR in the previous 12 months 
[27]. Patients received givosiran 2.5 mg/kg or placebo once 
monthly for 6 months (Fig. 1). Prophylactic hemin was not 
permitted during the trial and was discontinued ≥ 4 days 
prior to screening; acute attacks were treated as per local 
standard of care, which could include intravenous hemin. 
The primary end point was the AAR of composite porphyria 
attacks in patients with AIP during the 6-month treatment 
period in the full analysis set [27].Supplementary file1 (MP4 
11692 kb)

Of the 94 randomized patients, 89 (95%) had AIP with an 
identified mutation in the HMBS gene, one had hereditary 
coproporphyria, two had variegate porphyria and two had 
AHP without an identified mutation [27]. Baseline demo-
graphic and clinical characteristics were generally similar 
between the treatment groups. At baseline, patients had 
a mean age of 38.8 years, 89% of patients were females, 
78% were White, 40% had received hemin prophylaxis, the 
median historical ARR was 8 and the mean time since AHP 
diagnosis was 9.7 years [27].

Givosiran started to decrease the frequency of por-
phyria attacks within the first month and the effect was 
sustained through 6 months’ treatment [27]. Givosiran 
reduced the AAR of composite porphyria attacks by 74% 
relative to placebo in patients with AIP (Table 2); reduc-
tions were seen for all three component treatment settings 
(i.e. attacks requiring hospitalization, urgent healthcare 

Table 1  Pharmacokinetics of givosiran and its active metabo-
lite in patients with acute intermittent porphyria after a single 
2.5 mg/kg dose [24]

Values are median for  tmax and mean for CL,  CLR,  t1/2 and  fe/F
CL apparent plasma clearance, CLR renal clearance, fe/F fraction of 
subcutaneously administered drug excreted into urine over 24 h, NR 
not reported, t1/2 terminal elimination half-life, tmax time to maximum 
plasma concentration, Vd/F steady state apparent volume of distribu-
tion
a Population estimate [23]
b Comparable to that for givosiran

Parameter Givosiran AS(N-1)3′ givosiran

tmax (h) 2.07 4.00
Vd/F (L)a 10.4 10.4
CL (L/h)a 36.6 23.4
CLR (L/h) 2.74 4.19
t1/2 (h) 4–40 NRb

fe/F (%) 6.59 4.89
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and intravenous hemin use). Consistent AAR reductions 
were seen in all analysed prespecified subgroups of AIP, 
based on age at screening (<  38 vs ≥  38 years), race 
(White vs non-White), geographic region (North Amer-
ica vs other; Europe vs other), baseline body mass index 
(< 25 vs ≥ 25 kg/m2), prior hemin prophylaxis (yes vs 
no), historic AAR (< 7 vs ≥ 7 with hemin prophylaxis; 
< 12 vs ≥ 12 without hemin prophylaxis), prior chronic 
opioid use when not having attacks (yes vs no) and prior 
chronic symptoms when not having attacks (yes vs no). 
AAR rate ratios for givosiran to placebo ranged from 0.18 
to 0.43 for these subgroups (all significant based on 95% 
CI, except for patients who had used opioids chronically 
when not having attacks). During the 6-month treatment 
period, 50.0% of givosiran recipients (vs 17.4% of placebo 
recipients) had no porphyria attacks [27].

In the overall AHP population (i.e. all types included), 
the AAR was 73% lower in the givosiran than in the placebo 
group (Table 2) [27]. In a post hoc analysis of the AHP pop-
ulation, givosiran provided similar benefit in patients with 

or without prior hemin prophylaxis (median AAR reductions 
> 90% and 100% vs placebo) [29].

In patients with AIP, givosiran significantly reduced 
urinary δ-ALA and PBG levels and hemin use, compared 
with placebo (Table 2) [27]. In the givosiran group, δ-ALA 
and PBG levels decreased by a median 86% and 91% from 
baseline at 6 months. Hemin use decreased by 77% relative 
to placebo; 54% of givosiran recipients (vs 23% of placebo 
recipients) had zero days of hemin use [27].

Givosiran treatment was also associated with improve-
ments in some patient-reported outcomes [27]. Daily worst 
pain, fatigue and nausea were measured on a 10-point 
numerical rating scale (10 = severe) and health-related 
quality of life was assessed using the 12-Item Short-Form 
Health Survey (SF-12) as secondary endpoints. Givosiran 
significantly decreased pain versus placebo (Table 2), but 
not fatigue. Due to prespecified hierarchical testing rules, 
statistical significance was not tested for nausea and SF-12 
scores [27]. Nevertheless, SF-12 physical component sum-
mary scores improved in givosiran recipients (nominal 

Fig. 1  Trial design of the 
randomized, double-blind, mul-
tinational phase 3 ENVISION 
trial in patients with AHP with 
ongoing attacks [27]. Primary 
endpoint results are reported 
in the animated figure (avail-
able online). AAR  annualized 
rate of composite porphyria 
attacks, AHP acute hepatic por-
phyria, AIP acute intermittent 
porphyria, qM once monthly

Table 2  Efficacy of givosiran in patients with acute hepatic porphyria in the ENVISION trial [27]

Data in brackets are baseline values. AAR  annualised attack rate, AUC  area under the curve, pts patients,
*p = 0.046, **p < 0.001 versus placebo
a Secondary endpoints were analysed in a prespecified statistical hierarchy in the order presented in patients with acuter intermittent porphyria 
unless indicated otherwise. See Sect. 4 for other secondary endpoints analysed
b Primary endpoint. Composite attacks refer to those requiring hospitalization, urgent healthcare visit or intravenous hemin use at home
c Measured on a numerical rating scale ranging from 0 to 10 (10 = severe)

Endpointsa (assessed over 6 months) Givosiran (n = 46) Placebo (n = 43)

Composite porphyria attacks in pts with acute intermittent porphyria (mean AAR)b 3.2** 12.5
Urinary δ-aminolevulinic acid (median mmol/mol of creatinine) 1.3** [20.0] 16.2 [17.5]
Urinary porphobilinogen (median mmol/mol of creatinine) 4.4** [50.4] 35.1 [46.8]
Hemin use (mean annualized no. of days) 6.8** 29.7
Porphyria attacks in pts with acute hepatic porphyria (mean AAR) 3.4** 12.3
Daily worst score for  painc (median change in AUC from baseline) − 11.5* 5.3
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p < 0.05 vs placebo) [23]. In exploratory analyses, givosiran 
improved the overall health status, activities of daily living 
and treatment satisfaction in patients with AHP, as assessed 
by the Patient Global Impression of Change scale and the 
Porphyria Patient Experience Questionnaire (PPEQ) [27].

In post hoc analyses, givosiran reduced attack severity 
versus placebo, as assessed by attacks with median pain 
scores ≥ 7 (21.1% vs 32.0% of total number of attacks) and 
the proportion of patients with ≥ 1 attack with median pain 
scores ≥ 7 (41.7% vs 63.2%) [30]. Givosiran also reduced 
pain during attack-free periods versus placebo, as assessed 
by the proportion of days with daily worst pain scores 
above baseline (19.1% vs 28.1%) and pain score ≥ 7 (6.8% 
vs 12.2%). Treatment-related pain reduction was not due to 
increased analgesics use, as fewer givosiran than placebo 
recipients had used opioids during attacks (73.3% vs 85.0%) 
and attack-free periods (56.3% vs 69.6%). Givosiran recipi-
ents reported greater improvement in the SF-12 bodily pain 
domain suggesting the reduction in daily worst pain was 
clinically relevant, as the pain reduction was accompanied 
by reduced interference with normal activities [30].

4.1  Open‑Label Extension

All eligible patients completing the ENVISION double-
blind period entered a 30-month OLE period during which 
givosiran recipients continued givosiran while placebo 
recipients were crossed over to givosiran [28]. In the OLE, 
some patients were assigned to givosiran 1.25 mg/kg once 
monthly initially, with subsequent increase to 2.5 mg/kg 
once monthly following a protocol amendment [28].

The efficacy of givosiran was maintained in 12-month 
[28] and 18-month [31] interim analyses of the OLE, with 
placebo crossover patients attaining similar benefits to givo-
siran recipients during the double-blind period. With contin-
ued treatment, reductions in the AAR, urinary δ-ALA/PBG 
levels and hemin use were sustained at 12 months, while the 
crossover patients experienced 83%, > 75% and 100% reduc-
tions in these parameters, respectively [28]. At 18 months, 
the proportion of patients with no attacks increased to 60.9% 
and 40.0% in the continued givosiran and crossover groups 
during OLE [31].

The continued givosiran group had further improvements 
in daily worst pain (through 12-month interim analysis), 
most SF-12 categories and all PPEQ categories during the 
OLE [28, 31]. The crossover patients had improvements in 
these measures, consistent with givosiran recipients dur-
ing the double-blind treatment period. In both continued 
givosiran and crossover groups, givosiran provided greatest 
improvements from baseline for role physical, bodily pain, 
general health and social functioning among the SF-12 cat-
egories, and for overall satisfaction with treatment, conveni-
ence of treatment and travelling > 1 day for work or pleasure 

among the PPEQ categories. Overall, > 74% of patients 
responded as ‘much better’ or ‘always’ for convenience of 
treatment and overall satisfaction with treatment [28, 31].

5  Tolerability of Givosiran

Givosiran had an acceptable safety profile and was gener-
ally well tolerated in patients with AHP in clinical studies 
[21, 27]. Although AEs (90% vs 80%), severe AEs (17% vs 
11%) and serious AEs (21% vs 9%) were more common with 
givosiran than with placebo in the ENVISION trial, only one 
givosiran recipient discontinued the treatment because of 
an AE in the double-blind period [27]. AEs with 5% greater 
incidence in the givosiran than in the placebo group included 
injection-site reactions (25% vs 0%), nausea (27% vs 11%), 
chronic kidney disease (10% vs 0%), decreased eGFR (6% vs 
0%), rash (6% vs 0%), increased ALT (8% vs 2%) and fatigue 
(10% vs 4%) [27]. The safety profile of givosiran remained 
acceptable in the ENVISION OLE with no new safety sig-
nals [28, 31]; one givosiran recipient discontinued treatment 
because of hypersensitivity to the drug at 18-month data 
cut-off [31].

Givosiran has low immunogenic potential [22, 23]. In 
clinical studies, 1 of 111 patients with AHP (0.9%) receiving 
givosiran developed treatment-emergent anti-drug antibod-
ies. These antibodies had no clinically relevant effect on the 
efficacy, safety, pharmacokinetics or pharmacodynamics of 
givosiran [22, 23].

5.1  Adverse Events of Special Interest

Injection-site reactions with givosiran included erythema, 
pain, pruritus, rash, discoloration and swelling around the 
injection site [22, 23]. The majority of injection-site reac-
tions were mild or moderate in severity and did not result 
in treatment discontinuation [27]. In clinical studies, ana-
phylactic reaction was reported in one givosiran recipient 
who had a history of allergic asthma and atopy [22, 23].

Serum ALT levels > 3 × ULN were more common 
with givosiran than with placebo (15% vs 2%), occur-
ring mainly 3–5 months after initiation of study treatment 
[27]. One givosiran recipient had a serious AE of ALT 
9.9 ×  ULN, requiring treatment discontinuation [27]. 
Liver function should be monitored before and during (at 
monthly intervals) givosiran treatment and the treatment 
should be interrupted or discontinued if severe or clini-
cally significant ALT elevation occurs [22, 23].

Kidney-related AEs, manifesting mostly as an increase 
in serum creatinine level or a decrease in eGFR, occurred 
in 15% of givosiran recipients and 7% of placebo recipients 
[27]. In the givosiran group, serum creatinine increased 
by a median 0.07 mg/dL at 3 months accompanied by a 
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reduction in eGFR, both of which resolved over time with-
out dose modifications. Five givosiran recipients had onset 
or worsening of chronic kidney disease. Two of the wors-
ening cases were serious (the only serious AE reported 
in at least two givosiran recipients); these patients had 
porphyria-related coexisting conditions (hypertension 
and nephropathy). No givosiran or placebo recipients dis-
continued treatment because of kidney-related AEs [27]. 
Kidney function should be monitored during givosiran 
treatment [22, 23].

6  Dosage and Administration of Givosiran

Givosiran is indicated for the treatment of AHP in several 
countries, including those in the EU (in adults and ado-
lescents aged ≥ 12 years) [23] and the USA (in adults) 
[22]. The recommended dosage is 2.5 mg/kg once monthly 
administered as a subcutaneous injection [22, 23]. In 
patients who have dose interruption because of severe [22] 
or clinically significant [22, 23] transaminase elevations 
and subsequent improvement, givosiran can be resumed 
at 1.25 mg/kg once monthly. If these patients do not have 
recurrence of severe or clinically significant transaminase 
elevations, the dose may be increased to 2.5 mg/kg once 
monthly [22]. Local prescribing information should be 
consulted for detailed information, including contraindi-
cations, precautions, drug interactions and use in special 
patient populations.

7  Place of Givosiran in the Management 
of Acute Hepatic Porphyria

Clinical features of AHP resemble other common medical 
conditions, often leading to missed or delayed diagnosis 
[7, 8]. Therefore, optimal AHP management should start 
with a comprehensive initial assessment, including por-
phyria‐specific biochemical testing, standard blood tests, 
genetic testing, review of complete medical history and 
physical examination. AHP treatment and care should be 
individualised, depending on the clinical subgroup (see 
Sect. 1) [7, 8].

Specific treatment options for AHP are limited, and cur-
rent treatment guidelines predate the approval of givosiran 
[7, 8]. Conventionally, AHP is managed by the elimina-
tion of precipitating factors, symptomatic supportive treat-
ment, carbohydrate loading and hemin therapy. The most 
common precipitating factors for AHP are drugs (many 
commonly prescribed drugs are unsafe in AHP), alcohol, 
reduced calorie intake, fluctuating sex hormone levels, 
stress, infection, smoking and recreational drugs. Support-
ive measures include medications to treat pain, nausea, 

vomiting, hypertension, tachycardia, convulsions and 
fluid imbalance. As ALAS1 is upregulated during fasting, 
carbohydrate loading may be used in mild attacks, along 
with supportive measures, for up to 48 h. In case of severe 
attacks, hemin treatment should be started immediately. 
In women with recurrent premenstrual porphyria attacks, 
hormonal suppression therapy may be used. Liver trans-
plantation is indicated as the last resort for patients with 
severe, disabling, intractable attacks that are refractory 
to hemin therapy [7, 8]. Intravenous hemin remains the 
standard of care for sporadic acute AHP attacks and it is 
not approved for prophylactic use in patients with recur-
rent attacks [7, 8, 32–34]. On the other hand, givosiran has 
not been studied as a treatment for sporadic acute attacks, 
but was evaluated for preventing severe recurrent AHP 
attacks in the phase 3 ENVISION trial [27].

In the EXPLORE natural history study of AHP, patients 
with recurrent attacks often required hospitalization, had 
impaired health-related quality of life and had increased 
healthcare utilization [9]. In ENVISION, givosiran sig-
nificantly reduced the AAR of AIP attacks that required 
hospitalization, urgent healthcare or intravenous hemin at 
home (Sect. 4). This effect was consistently seen in all pre-
specified subgroups, including patients with a high num-
ber of attacks at baseline and those who had used hemin 
prophylaxis previously. A number of secondary outcomes 
also favoured givosiran over placebo, including urinary 
δ-ALA and PBG levels and hemin use. Of note, givosiran 
reduced patient-reported pain (the cardinal symptom in 
AHP) and analgesic use during attack and attack-free 
periods. With continued treatment, the efficacy of givo-
siran was maintained through to 18 months (Sect. 4.1). 
Givosiran treatment was associated with a high level of 
patient-reported convenience and overall satisfaction in 
the ENVISION trial (Sect. 4).

Givosiran was generally well tolerated and had an 
acceptable safety profile in patients with AHP in the 
ENVISION trial (Sect. 5). The main safety concerns with 
givosiran were hepatic and kidney AEs, which were tran-
sient and resolved in most patients (Sect. 5.1). Interpreta-
tion of hepatic and kidney safety data is also confounded 
by the fact that elevated liver enzymes and chronic kid-
ney disease are comorbid and long-term complications of 
AHP. Nevertheless, liver and kidney function should be 
monitored during givosiran treatment.

Based on the ENVISION results, givosiran was recently 
approved in the EU, USA and several other countries for 
the treatment of AHP (Sect. 6). The American Porphyria 
Foundation [35], European Porphyria Network [13] and 
the National Organization for Rare Disorders [36] recog-
nize givosiran as a new treatment option for AHP. Expert 
opinion is that givosiran is an effective treatment option 
for the subset of patients with AHP and recurrent acute 
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attacks that were severe enough to require hospital admis-
sion and/or hemin treatment, a population similar to that 
enrolled in the ENVISION trial [32, 33, 37].

While the ENVISION trial demonstrated the efficacy 
and safety of givosiran in AHP, this clinical experience is 
limited in terms of number of patients and treatment dura-
tion. In this regard, the OLE data are promising, although 
additional long-term efficacy and safety studies, as well 
as real-world clinical experience, are required to firmly 
establish the relative role of givosiran in the management 
of AHP. Research into mechanisms and potential biomark-
ers of hepatic and kidney AEs with givosiran would also 
be valuable. Finally, since AHP poses an enormous eco-
nomic and healthcare utilization burden, cost implications 
of AHP therapy is of paramount importance. Robust cost-
effectiveness analyses of givosiran are required to guide 
healthcare resource allocation decisions. Patient-reported 
outcomes point to increased health utility values for givo-
siran (Sect. 4) [27, 28].

In conclusion, givosiran reduces the AAR of acute 
composite porphyria attacks in patients with AHP and is 
generally well tolerated, with an acceptable safety pro-
file. The efficacy and tolerability of givosiran is sustained 
through to 18 months, although additional longer-term 
data required. With its convenient once-monthly subcuta-
neous administration, available data indicate that givosiran 
is an important newer therapeutic option for patients with 
AHP and severe recurrent attacks.

Data Selection Givosiran: 141 records identified 

Duplicates removed 48

Excluded during initial screening (e.g. press releases; 
news reports; not relevant drug/indication; preclinical 

study; reviews; case reports; not randomized trial)

37

Excluded during writing (e.g. reviews; duplicate data; 
small patient number; nonrandomized/phase I/II trials)

19

Cited efficacy/tolerability articles 6

Cited articles not efficacy/tolerability 31

Search Strategy: EMBASE, MEDLINE and PubMed from 
1946 to present. Clinical trial registries/databases and websites 
were also searched for relevant data. Key words were givosiran, 
Givlaari, ALN-AS1, porphyria. Records were limited to those in 
English language. Searches last updated 23 March 2021.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40265- 021- 01511-3.
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