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Abstract 

Background Acute hepatic porphyria is a group of multisystem disorders of which acute intermittent porphyria 
is the most common subtype. Givosiran, a subcutaneously administered RNA interference therapeutic targeting liver 
ALAS mRNA, is approved for treating these disorders. This Phase 1/2 open-label extension study (NCT02949830) evalu-
ated the long-term safety and efficacy of givosiran in adults with acute intermittent porphyria, with follow-up of up to 
48 months, which is the longest follow-up of givosiran treatment to date. Participants were adults aged 18–65 years 
who completed part C of the Phase 1 givosiran study (NCT2452372).

Methods Enrollees received givosiran for up to 48 months. Primary and secondary endpoints included the incidence 
of adverse events, changes in urinary delta-aminolevulinic acid (ALA) and porphobilinogen (PBG) levels, annualized 
rate of porphyria attacks, and annualized hemin use. Quality of life was assessed using the EQ-5D-5L instrument 
as an exploratory endpoint.

Results Sixteen patients (median age: 39.5 years) participated. Common adverse events included abdominal pain, 
nasopharyngitis, and nausea (50% each), with injection-site erythema (38%) and injection-site pruritus (25%) noted 
as frequent treatment-related reactions. Givosiran therapy reduced annualized rates of porphyria attacks and hemin 
use by 97% and 96%, respectively. From months > 33 to 48, all patients were free from attacks requiring significant 
medical intervention and did not use hemin. There were substantial reductions in median urinary ALA and PBG 
of 95% and 98%, respectively. Additionally, a clinically meaningful improvement in quality of life was observed.

Conclusions In the longest follow-up of givosiran-treated patients reported to date, the therapy maintained 
an acceptable safety profile and demonstrated sustained improvements in clinical outcomes over 4 years in patients 
with acute intermittent porphyria.
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Background
Acute hepatic porphyria (AHP) encompasses a group 
of rare genetic metabolic progressive disorders, each 
manifesting with severe neurovisceral attacks that can 
be acute and debilitating [1–3]. Patients with AHP often 
develop chronic symptoms and long-term complications, 
emphasizing the need for proactive, continuous man-
agement [3]. AHP encompasses 4 porphyria subtypes: 
acute intermittent porphyria (AIP; the most common 
and symptomatic), variegate porphyria (VP), hereditary 
coproporphyria (HCP), and delta-aminolevulinic acid 
(ALA) dehydratase deficiency [3]. In each AHP subtype, 
a genetic defect that leads to a deficiency in one of the 
enzymes of liver heme biosynthesis causes depletion of 
the hepatic free heme pool and induction of the rate-con-
trolling enzyme of the heme biosynthesis pathway, ami-
nolevulinate synthase 1 (ALAS1) [4–7]. AHP is a variable 
condition, and manifestations can be multisystemic [1]. 
Both chronic and acute symptoms of AHP impact patient 
quality of life (QoL), contributing to substantial burden of 
disease [8]. Patients with AHP can present with nonspe-
cific symptoms, which frequently results in misdiagnosis 
and inadequate management [5]. To better understand if 
treatments are working to alleviate symptoms over time, 
long-term follow-up of patients is important.

Chronic manifestations of AHP include pain, fatigue, 
and nausea [8]. Acute attacks are characterized by 
severe abdominal pain, nausea, vomiting, tachycardia, 
hypertension, hyponatremia, mental status changes, 
and muscle weakness [2, 9–15]. Patients with chronic 
pain may require long-term analgesia, including opioids 
[5, 16]. Prior to the approval of givosiran, management 
options for acute AHP attacks were limited to avoid-
ance of attack triggers and administration of intravenous 
(IV) hemin. For patients experiencing recurrent attacks, 
prophylactic therapy with hemin has been used in clini-
cal practice [17, 18]. However, the effects of hemin are 
short-lived, and therapeutic efficacy can decline with 
prolonged or repeated use [19]. Additionally, repeated 
and prophylactic hemin use confers the risk of adverse 
events (AEs) including venous damage and thrombo-
phlebitis, coagulation abnormalities, and secondary iron 
overload [13, 17, 20].

As a consequence of ALAS1 induction in AHP, over-
production and accumulation of the neurotoxic heme 
intermediates ALA and porphobilinogen (PBG) occur, 
causing nervous system injury and damage to other 
organs, including the liver and kidneys [7, 16, 21]. Sub-
stantial elevation in urinary PBG, generally > 3 times 
the upper limit of normal (ULN) [1, 22], can estab-
lish a diagnosis of AHP. This threshold enables a high 
degree of diagnostic specificity, as PBG elevation of this 
magnitude does not result from any medical condition 

other than AIP, VP, or HCP [1, 22]. An acute porphyria 
attack is characterized by a significantly increased uri-
nary PBG/creatinine ratio, typically > 10 times the ULN, 
or > 10  μmol/mmol creatinine if the ULN is ≤ 1  μmol/
mmol creatinine (eg, when measured by mass spec-
trometry) [9].

Givosiran is a subcutaneously administered RNA 
interference therapeutic approved for treatment of 
AHP in adults (United States, Canada, Brazil) and 
adolescents age ≥ 12  years (European Economic Area, 
Switzerland, Japan) [23–28]. Givosiran lowers ALAS1 
messenger RNA (mRNA) expression in the liver, 
thereby preventing accumulation of ALA and PBG 
[29–32]. Findings from a Phase 1 study of givosiran 
in patients with AIP (NCT02452372) (part C, n = 17 
experiencing ≥ 2 attacks within 6  months before the 
run-in period or receiving scheduled hemin prophy-
laxis at the start of the run-in period) demonstrated 
that compared with placebo, once-monthly givosiran 
therapy led to a sustained decline in urinary ALA and 
PBG concentrations and a reduction in the annualized 
rate of porphyria attacks (defined as attacks leading to 
hospitalization, urgent health care visits, or use of IV 
hemin at home) and annualized days of hemin use [31]. 
Most AEs were mild to moderate in severity, with simi-
lar rates observed in the givosiran and placebo groups 
[31]. The Phase 3 ENVISION trial (NCT03338816) of 
givosiran versus placebo (N = 94), which included a 
6-month double-blind period followed by a 30-month 
open-label extension (OLE), demonstrated safety and 
efficacy outcomes with givosiran that were consistent 
with those seen in the Phase 1 study. Compared with 
placebo, treatment with givosiran reduced the occur-
rence of porphyria attacks and hemin use, and low-
ered levels of ALA, PBG, and daily worst pain; these 
improvements were maintained in the OLE period [29, 
33]. These results demonstrated that givosiran treat-
ment of up to 36  months yielded consistent benefits. 
We wanted to evaluate if the improvements in clinical 
outcomes observed for AIP could be maintained even 
longer term, so we examined other long-term givosiran 
data that became available—namely, data from our 
Phase 1/2 OLE study in which patients were treated for 
up to 48 months.

The multicenter, Phase 1/2, OLE study (NCT02949830) 
was conducted to evaluate the long-term safety and effi-
cacy of givosiran in patients with AIP who completed 
part C of the Phase 1 study (NCT02452372) [31]. Here we 
report results from the Phase 1/2 OLE study in patients 
with AIP receiving givosiran for up to 48  months—the 
longest follow-up of patients treated with givosiran 
reported to date.
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Methods
Study design
This Phase 1/2 multicenter OLE study, conducted from 
May 2015 to November 2021 across 5 centers (3 in the 
United States and 2 in Europe), was designed to evalu-
ate the long-term safety and clinical activity of givosiran 
in patients with AIP with ≥ 2 attacks within 6  months 
before the run-in period or receiving scheduled hemin 
prophylaxis at the start of the run-in period and who 
had completed part C of the prior Phase 1 study [31]. 
The study protocol, amendments, and informed con-
sent form were reviewed and approved by an independ-
ent ethics committee or a site-specific institutional 
review board. The study was conducted in accordance 
with Good Clinical Practice guidelines and the provi-
sions of the Declarations of Helsinki and Istanbul [34–
36]. All patients provided written informed consent.

Patients in part C of the Phase 1 study were rand-
omized (3:1) to one of two doses of givosiran (2.5 mg/
kg or 5.0  mg/kg) or placebo once-monthly (total of 
4 injections) or once every 3  months (total of 2 injec-
tions) during a 12-week treatment period and followed 
for an additional 12  weeks (approximately 6  months 
overall) [31]. At entry into the Phase 1/2 OLE study, 
patients received givosiran at 2.5 mg/kg once-monthly 
or 5.0  mg/kg once-monthly or every 3  months. After 
a review of the emerging safety, efficacy, and pharma-
cokinetic and pharmacodynamic modelling data from 
the Phase 1 study, all patients transitioned to once-
monthly doses of 2.5  mg/kg starting in August 2017, 
and remained on this dose for the duration of the Phase 
1/2 OLE study. Patients in the Phase 1/2 OLE study 
were treated with givosiran for up to 48 months.

Patients
The study population consisted of patients aged 18 to 
65  years diagnosed with AIP, confirmed by a patho-
genic variant in the hydroxymethylbilane synthase 
(HMBS) gene, which codes for PBG deaminase. Eligi-
ble patients experienced recurrent porphyria attacks, 
defined as two or more attacks within the 6  months 
prior to the Phase 1 study run-in or receiving sched-
uled hemin prophylaxis at the start of the Phase 1 study 
run-in. Additionally, eligible patients had completed 
part C of the Phase 1 parent study [31]. To qualify for 
part C of the Phase 1 parent study, patients were either 
not on a scheduled prophylactic hemin therapy regi-
men or agreed to discontinue any scheduled hemin 
prophylaxis during the 4- to 24-week run-in and 
up to 12-week treatment period [31]. Patients were 
excluded if they had an alanine aminotransferase (ALT) 

concentration ≥ 2.0 × ULN, total bilirubin ≥ 2 mg/dL, or 
estimated glomerular filtration rate (eGFR) of ≤ 30 mL/
min/1.73m2.

Endpoints and assessments
The primary endpoint was the incidence of AEs; key 
secondary endpoints were changes in urine ALA and 
PBG levels and clinical activity of givosiran as assessed 
by the frequency and characteristics of porphyria 
attacks (defined as attacks leading to hospitalization, 
urgent health care visits, or use of IV hemin at home) 
and change in the number of hemin doses adminis-
tered. Health-related QoL as assessed by changes in 
Euro Quality of Life Health State Profile Questionnaire 
(EQ-5D-5L) and EuroQoL visual analogue scale (EQ-
VAS) scores were evaluated as an exploratory endpoint.

Safety assessments consisted of monitoring AEs, 
vital signs, results from physical examinations, elec-
trocardiogram measurements, and clinical laboratory 
assessments. AEs were coded according to the Medical 
Dictionary for Regulatory Activities (MedDRA) Ver-
sion 23.0.

Patients and caregivers were given a diary to record 
acute porphyria attacks throughout the study; pain 
assessments and narcotic use were recorded on a daily 
basis through Month 9. Patients were encouraged to 
report to the clinical study site if at any time between 
study entry and the end of study visit they experienced 
a porphyria attack. If they were unable to report to the 
clinical study site, they were to collect a urine sample 
using a home collection kit and send it to the clinical 
study site, if possible. A porphyria attack was defined as 
any event with the preferred term porphyria recorded 
on an adverse event electronic case report form. Com-
posite porphyria attacks were defined as attacks requir-
ing hospitalization, an urgent health care visit, or 
administration of IV hemin at home. Levels of ALA 
and PBG were evaluated in urine samples by a central 
laboratory; pre-dose samples were collected on dos-
ing days. Additionally, changes in circulating hepatic 
ALAS1 mRNA level were assessed in serum and urine 
samples using a circulating extracellular RNA detection 
assay [30].

The EQ-5D-5L questionnaire was used to evaluate 
QoL across 5 domains (mobility, self-care, usual activi-
ties, pain/discomfort, anxiety/depression) [37]; scores 
for each domain were summarized and an index score 
was calculated using the United States as the refer-
ence country. The EQ-VAS was used to determine the 
patient’s perception of their overall health on the day of 
assessment, as rated on a scale of 1 to 100, with higher 
scores indicating better health [37].
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Data analysis
Formal statistical analyses were not performed, and data 
were summarized with descriptive statistics. The final 
analysis included a safety analysis set (ie, all patients who 
received any amount of the study drug) and a pharma-
codynamic (PD) analysis set (ie, all patients who received 
any amount of the study drug and had ≥ 1 post dose sam-
ple for PD analysis). Safety and clinical activity were ana-
lyzed in the safety analysis set; PD parameters (urinary 
ALA and PBG) were analyzed in the PD analysis set.

Porphyria attacks were analyzed according to the 
total number of events, total person-years (PY; total 
days/365.25), mean rate (total number of events/total 
PY) ± standard error of the mean (SEM). Hemin use was 
summarized for doses administered during the treatment 
period (on or after the first dose of givosiran); the annual-
ized rate of hemin dosing was summarized in the same 
manner as the annualized rate of porphyria attacks (ie, 
mean [SEM] rate, total number of events, and total PY). 
For analyses of changes from baseline in clinical activ-
ity, laboratory, and QoL measurements, baseline values 
for these parameters were derived in the Phase 1 parent 
study.

Results
Study population
Of the 16 patients enrolled in the Phase 1/2 OLE study, 
14 (88%) completed the study (Supplementary material 

1). Twelve patients (75%) received givosiran in both the 
Phase 1 study and the Phase 2 OLE (continuous givo-
siran), and the remaining 4 patients (25%) received pla-
cebo in the Phase 1 study and switched to givosiran 
during the Phase 2 OLE (placebo-givosiran crossover).

Most patients were female (14/16; 88%) and White 
(13/16; 81%), with a median (range) age of 39.5 (21–60) 
years (Table 1). At the time of entry into the Phase 1 par-
ent study, patients had a median (range) of 10 porphyria 
attacks (0–50) in the 12  months before enrollment, 
and 50% of patients (8/16) were receiving hemin on a 
scheduled basis; median urinary ALA and PBG levels 
were 15.8  mmol/mol and 48.0  mmol/mol, respectively 
(Table 1).

The median (range) duration of drug exposure was 48.0 
(2.1–49.0) months (cumulative exposure, 53.9 PY). Most 
patients (14/16; 88%) in the Phase 1/2 OLE had received 
givosiran for ≥ 36  months; and 50% (8/16) had received 
givosiran for ≥ 48  months. The median (range) number 
of givosiran doses administered was 43.5 (1–49), with 
a cumulative total of 623 doses. Across all patients, the 
total observation time was 4.24 person-years during the 
Phase 1 run-in period and 53.6 person-years during the 
OLE study.

Safety
AEs were reported in all 16 patients (100%), and the 
majority of AEs were mild or moderate in severity. The 

Fig. 1 Changes in composite annualized attack  ratesa,b by study group. AAR, annualized attack rate; IV, intravenous; SEM, standard error 
of the mean. aComposite attacks requiring hospitalization, urgent healthcare visit, or IV hemin at home. bData are aggregated across all dose groups, 
based on an observation time 4.24 PY in the Phase 1 study run-in period and 53.6 PY during the OLE treatment period



Page 5 of 14Sardh et al. Orphanet Journal of Rare Diseases          (2024) 19:365  

most frequently reported AEs were abdominal pain, naso-
pharyngitis, nausea, fatigue, and injection-site reactions 
(ISRs) (Table 2). The most common treatment-related AE 

was ISRs, all of which were of mild or moderate sever-
ity and did not lead to treatment discontinuation or study 
withdrawal. Of the total doses of givosiran administered, 

Table 1 Baseline demographics and disease  characteristicsa

ALA 5-aminolevulinic acid, BMI Body mass index, PBG Porphobilinogen, SD Standard deviation
a Represents safety analysis set. Demographics and characteristics are as recorded in the Phase 1 parent study
b Europe includes Sweden and Great Britain
c Represents all porphyria attacks, including attacks requiring hospitalization, urgent healthcare visit, or intravenous hemin treatment at home and attacks treated 
without hemin at home

Statistic Placebo– 
Givosiran 
Crossover (N = 4)

Continuous 
Givosiran 
(N = 12)

Total  
Givosiran  
(N = 16)

Age at screening, years, median (range) 42.0 (27–60) 37.5 (21–59) 39.5 (21–60)

Female, n (%) 2 (50) 12 (100) 14 (88)

Weight, kg, mean (SD) 91.4 (20.8) 70.7 (15.1) 75.8 (18.5)

BMI, kg/m2, mean (SD) 31.1 (4.6) 26.6 (5.8) 27.7 (5.7)

Race, n (%)
 White 4 (100) 9 (75) 13 (81)

 Black or African American 0 2 (17) 2 (13)

 Asian 0 1 (8) 1 (6)

Ethnicity, n (%)
 Not Hispanic or Latino 4 (100%) 11 (92) 15 (94)

 Not reported 0 1 (8) 1 (6)

Region, n (%)
 North America 1 (25) 8 (67) 9 (56)

  Europeb 3 (75) 4 (33) 7 (44)

Patients with porphyria attackc in 12 months before enrollment in parent 
study, n (%)

4 (100) 11 (92) 15 (94)

 Required hospitalization 2 (50) 6 (50) 8 (50)

 Treated at outpatient clinic or infusion center 4 (100) 5 (42) 9 (56)

 Treated at home 0 5 (42) 5 (31)

Number of porphyria attacksc in 12 months before enrollment in parent study, 
median (range)

10.0 (5–50) 9.5 (0–36) 10.0 (0–50)

Ever given hemin during an attack before enrollment in parent study, n (%) 4 (100) 12 (100) 16 (100)

Taking hemin on scheduled basis just before enrollment in parent study, n (%) 2 (50) 6 (50) 8 (50)

Other treatment for porphyria before enrollment in parent study, n (%)
 Hormone suppression therapy 0 4 (33) 4 (25)

 High carbohydrate diet 2 (50) 5 (42) 7 (44)

 Glucose infusions 2 (50) 8 (67) 10 (63)

 Others 0 4 (33) 4 (25)

Self-treated at home before enrollment in parent study, n (%)
 Sugar water 0 2 (17) 2 (13)

 High carbohydrates 2 (50) 7 (58) 9 (56)

 Opioid analgesic medications 2 (50) 7 (58) 9 (56)

 Other 1 (25) 8 (67) 9 (56)

Urinary ALA, creatinine normalized, mmol/mol
 N 4 11 15

 Median (range) 16.7 (7.5–33.9) 15.4 (1.5–50.5) 15.8 (1.5–50.5)

Urinary PBG, creatinine normalized, mmol/mol
 N 4 11 15

 Median (range) 46.3 (30.8–51.8) 54.0 (3.2–95.3) 48.0 (3.2–95.3)
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Table 2 AEs by parent study treatment group

AE Adverse event, ALT Alanine aminotransferase, AST Aspartate aminotransferase, GFR Glomerular filtration rate, GGT  Gamma-glutamyltransferase, INR International 
normalized ratio, MedDRA Medical Dictionary for Regulatory Activities, SAE Serious adverse event, SMQ Standardized MedDRA query
a Includes all AEs within the MedDRA high-level term of injection-site reaction
b Includes all AEs within SMQ drug-related hepatic disorders
c Includes all AEs mapping to SMQ acute renal failure

n (%) Placebo–Givosiran Crossover 
(N = 4)

Continuous Givosiran 
(N = 12)

Total Givosiran  
(N = 16)

Any AE 4 (100) 12 (100) 16 (100)

AEs occurring in ≥ 25% of patients
 Abdominal pain 1 (25) 7 (58) 8 (50)

 Nasopharyngitis 2 (50) 6 (50) 8 (50)

 Nausea 2 (50) 6 (50) 8 (50)

 Injection-site  reactiona 4 (100) 3 (25) 7 (44)

 Fatigue 1 (25) 6 (50) 7 (44)

 Back pain 2 (50) 3 (25) 5 (31)

 Headache 0 5 (42) 5 (31)

 Myalgia 2 (50) 3 (25) 5 (31)

 Diarrhea 2 (50) 2 (17) 4 (25)

 Gastroenteritis 2 (50) 2 (17) 4 (25)

 Hypertension 1 (25) 3 (25) 4 (25)

 International normalized ratio increased 3 (75) 1 (8) 4 (25)

 Lipase increased 1 (25) 3 (25) 4 (25)

 Migraine 1 (25) 3 (25) 4 (25)

 Oropharyngeal pain 1 (25) 3 (25) 4 (25)

 Pain in extremity 2 (50) 2 (17) 4 (25)

 Vomiting 1 (25) 3 (25) 4 (25)

AEs of interest
 Hepatic  AEsb 3 (75) 4 (33) 7 (44)

 Kidney  AEsc 1 (25) 4 (33) 5 (31)

 Blood homocysteine increased 1 (25) 0 1 (6)

Any serious AE 1 (25) 6 (50) 7 (44)

 Abdominal pain 0 2 (17) 2 (13)

 Anaphylactic reaction 0 1 (8) 1 (6)

 Clostridium difficile colitis 0 1 (8) 1 (6)

 Deep vein thrombosis 1 (25) 0 1 (6)

 Dyspnea 0 1 (8) 1 (6)

 Forearm fracture 1 (25) 0 1 (6)

 Lower limb fracture 1 (25) 0 1 (6)

 Mental status changes 0 1 (8) 1 (6)

 Pyrexia 0 1 (8) 1 (6)

 Respiratory tract infection 0 1 (8) 1 (6)

 Sinusitis bacterial 0 1 (8) 1 (6)

 Synovitis 0 1 (8) 1 (6)

 Tonsillitis 0 1 (8) 1 (6)

Any severe AE 3 (75) 4 (33) 7 (44)

Any AE leading to treatment discontinuation 0 1 (8) 1 (6)

Any AE leading to study withdrawal 0 1 (8) 1 (6)

Death 0 0 0
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2% (28 of 1246) were associated with ISRs; the most 
common symptoms included erythema, pruritus, rash, 
swelling, and discoloration at or near the injection site. 
One patient had an AE of increased blood homocysteine 
that was mild in severity, considered possibly related to 
givosiran, and did not result in any change to givosiran 
treatment.

Seven patients (44%) experienced serious AEs (Table 2). 
The only serious AE occurring in > 1 patient was abdomi-
nal pain (n = 2). One patient with a medical history of 
allergic asthma and atopy had a serious AE of anaphylaxis 
considered to be related to treatment. The patient had 
received 2 doses of givosiran (5  mg/kg 3  months apart) 
in the Phase 1 study, and the anaphylaxis event occurred 
4 months later during her first dose of givosiran (2.5 mg/
kg) in the present study. The patient developed urticaria 
at the injection site extending to her limbs, facial swell-
ing, and hypotension within 3 min of study drug admin-
istration; there were no symptoms of airway compromise. 
This event resolved, and the patient withdrew from the 
study. Another serious AE of deep venous thrombosis 
in 1 patient was deemed unrelated to treatment due to 
the presence of an in-dwelling catheter as a risk for deep 
vein thrombosis as well as the patient’s known history of 
chronic hemin use; the event resolved without a change 
in givosiran dosing.

Seven patients (44%) reported hepatic AEs, most 
of which were mild or moderate in severity, and all 
resolved during treatment with givosiran. None of 
the hepatic AEs were serious, and there were no dose 

interruptions, changes in dose, or treatment dis-
continuation. Elevations in liver transaminases were 
reported in 10 patients (63%). Two patients had tran-
sient ALT or aspartate aminotransferase (AST) ele-
vations > 3 and ≤ 5 × ULN without change in total 
bilirubin. All transaminase elevations resolved with 
continued givosiran treatment; there were no Hy’s law 
cases (ie, hepatocellular injury indicated by ALT or 
AST elevation to ≥ 3 × ULN and increased total bili-
rubin to ≥ 2 × ULN [38]). Mean values of ALT were 
generally stable over the course of the study (Supple-
mentary material 2), similar to results of other liver 
function tests (AST, alkaline phosphatase, bilirubin, 
and gamma-glutamyltransferase).

Kidney AEs were reported in 5 patients (31%); all 
were mild or moderate in severity. None of the kidney 
AEs were serious or resulted in treatment interruption 
or discontinuation. Two patients, both with a long-
standing medical history of kidney impairment (eGFR 
30–44  mL/min/1.73m2 at study entry) and hyperten-
sion, had AEs of kidney impairment that were moder-
ate in severity. Mean values for eGFR and creatinine 
(Cr) were generally stable over the course of the study, 
with intermittent, small fluctuations observed over 
time (Supplementary materials 3 and 4).

Four patients (25%) had transient increases in lipase 
levels, with no reported signs or symptoms of pancrea-
titis. All instances of lipase increase were of moderate 
severity and resolved during continued treatment with 
givosiran.

Fig. 2 Proportions of composite attack-free patients by 3-month intervals with givosiran 2.5 mg/kg once monthly  treatmenta,b. aComposite attacks 
included porphyria attacks requiring hospitalization, urgent healthcare visit, or IV hemin administration at home. bThe dashed line indicates the gap 
in time between baseline of the Phase 1 study and the first visit in the OLE study. Baseline is defined as the derived baseline value in the Phase 
1 study. Data are based on an observation time of 4.24 person-years in the Phase 1 study run-in period and 53.6 person-years during the OLE 
treatment period
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Clinical activity
The annualized attack rate (AAR) decreased during 
long-term monthly treatment with givosiran (Fig.  1). 
In patients originally randomized to placebo during  
the Phase 1 parent study (placebo-givosiran crossover),  
the mean (SEM) composite AAR decreased from  
20.2 (5.7) during the Phase 1 study run-in period to  
0.4 (0.3) during treatment with once-monthly 2.5 mg/kg  

givosiran in the Phase 1/2 OLE study, indicating a  
98% reduction. In patients receiving continuous givo-
siran therapy during the Phase 1 study and the Phase 
1/2 OLE study, mean (SEM) composite AAR decreased 
from 16.2 (4.1) at the Phase 1 study run-in to 0.6 (0.2) 
during the Phase 1/2 OLE study, reflecting a 97% reduc-
tion. Across all patients in the Phase 1/2 OLE, a 97% 
reduction in the mean (SEM) composite AAR was 

Fig. 3 Changes in annualized hemin  usea by study group. SEM, standard error of the mean. aData are aggregated across all dose groups, based 
on an observation time of 4.24 person-years in the Phase 1 study run-in period and 53.6 person-years during the OLE treatment period

Fig. 4 Proportions of hemin-free patients by 3-month intervals with givosiran 2.5 mg/kg once monthly  treatmenta. aData are aggregated across all 
dose groups, based on an observation time of 4.24 person-years in the Phase 1 study run-in period and 53.6 person-years during the OLE treatment 
period
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observed from the run-in period of the Phase 1 study 
(17.0 [3.5]) to the once-monthly givosiran 2.5  mg/kg 
treatment period in the OLE (0.5 [0.2]). The proportion 
of patients who were attack-free (by 3-month intervals) 
increased, and this increase was sustained over time; all 
patients (100%) were attack-free by the Month > 33–36 
interval and continued to be attack-free until the end of 
the study (Fig. 2).

Annualized hemin use substantially decreased dur-
ing givosiran treatment in both the placebo-givosiran 
crossover and continuous givosiran treatment groups 
(Fig.  3). A 99% decrease in mean (SEM) annualized 
hemin use was observed in the placebo-givosiran cross-
over group, from 35.7 (5.5) days during the Phase 1 
run-in period to 0.4 (0.4) days during givosiran 2.5 mg/
kg monthly treatment in the OLE. A 95% reduction in 
the mean (SEM) annualized hemin use was observed 
in the continuous givosiran treatment group, from 32.4 
(8.7) days during the Phase 1 run-in period to 1.5 (0.9) 
days/year during the OLE. Across all patients in the 
Phase 1/2 OLE study, mean (SEM) annualized hemin 
use decreased from 33.1 (7.0) days during the run-in 
period in the parent study to 1.2 (0.7) days during treat-
ment with givosiran 2.5  mg/kg once-monthly in the 
Phase 1/2 OLE, indicating a 96% reduction. Assess-
ment of hemin in 3-month intervals demonstrated that 
the proportion of patients with 0  days of hemin use 
increased with time. This increase was sustained, and 
by Months > 33 to 36, all patients were hemin-free and 

remained hemin-free until the end of the Phase 1/2 
OLE study (Fig. 4).

Urinary ALA, PBG, and ALAS1 mRNA
Once-monthly treatment with givosiran led to sustained 
reductions in urinary ALA and PBG levels through 
Month 48. Median urinary ALA levels decreased from 
15.8 mmol/mol Cr at Phase 1 study baseline to 1.0 mmol/
mol Cr at OLE Month 48, representing a median reduc-
tion of 95% (ULN for ALA, 1.47  mmol/mol Cr) [39]   
(Supplementary material 5). Likewise, median urinary 
PBG levels decreased from 48.0  mmol/mol Cr at Phase 
1 study baseline to 1.0 mmol/mol Cr at OLE Month 48, 
indicating a median reduction of 98% (ULN for PBG, 
0.14  mmol/mol Cr) [39] (Supplementary material 6). 
Circulating hepatic urinary ALAS1 mRNA levels were 
assessed through OLE Month 18; samples taken during 
a porphyria attack were excluded from analysis to reduce 
potential confounding due to hemin administration. 
Mean urinary ALAS1 mRNA level was 3.51 at baseline of 
the Phase 1 study, which decreased to 1.54 at OLE Month 
12, a mean reduction of 58% (Supplementary material 7). 
At OLE Month 18, the ALAS mRNA level was 2.09.

QoL assessments
The mean (SD) EQ-VAS score increased from 68.9 (20.9) 
at Phase 1 study baseline to 84.4 (22.4) at OLE Month 
48, representing a mean (SD) improvement of 15.8 (13.7) 
points, indicating a mean improvement of 30% (Fig.  5). 
The mean increase in EQ-VAS of 15.8 points exceeded 

Fig. 5 Mean changes in EQ-VAS  scoresa over time. BL, baseline; EQ-VAS, EuroQol visual analog scale. aThe EQ-VAS is a self-rated measure 
of global health status ranging from 0 (worst imaginable health) to 100 (best imaginable health). Baseline is defined as the derived baseline value 
in the Phase 1 study. The dotted line indicates the gap in time between baseline of the Phase 1 study and the first visit in the OLE study
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the EQ-VAS score range estimated to indicate a minimal 
clinically important difference (~ 7–10 points) in other 
chronic disease states. A similar trend was observed in 
mean (SD) EQ-5D-5L score, which increased from 0.81 
(0.11) at Phase 1 study baseline to 0.88 (0.11) at OLE 
Month 48, representing a mean (SD) improvement of 
0.04 (0.09) point (mean improvement of 4.5% from base-
line) (Fig.  6). Fewer patients reported difficulty across 
EQ-5D-5L dimensions of usual activities, pain/discom-
fort, and anxiety depression at Month 48 (13%, 38%, and 
19%, respectively) than at Phase 1 study baseline (69%, 
75%, and 63%, respectively).

Discussion
In this Phase 1/2 OLE study, long-term treatment with 
once-monthly givosiran 2.5 mg/kg for up to 4 years was 
well tolerated and had an acceptable safety profile in 
enrolled patients with AIP. No additional safety concerns 
emerged during the OLE. Long-term monthly treatment 
with givosiran led to continuous and sustained reduc-
tions in AAR and hemin use over time in patients with 
AIP. Improvements over time also were observed in 
QoL measures assessing patient functioning, pain, anxi-
ety, and overall health status. These findings are consist-
ent with the long-term efficacy and safety results of the 
ENVISION trial evaluating givosiran in patients with 
AHP and recurrent attacks [33]. Taken together, the 
long-term clinical trial evidence supports the capacity of 
givosiran to treat acute disease manifestations in patients 
with AHP [11, 13, 14, 18, 40, 41].

Most AEs were of mild or moderate severity in the 
OLE, consistent with previous studies of givosiran [29, 
31, 33, 42]. The most commonly reported related AEs in 
the present study as well as in previous studies of givo-
siran were ISRs [29, 31, 33, 42]. Two patients discontin-
ued treatment and withdrew from the study: 1 patient 
due to a serious adverse event of anaphylactic shock, 
and the other patient due to a lack of marked treatment 
response. The anaphylaxis reaction occurred in a patient 
with previous allergic asthma, food allergies, atopic der-
matitis, and a prior episode of facial edema after latex 
contact. This was the sole anaphylaxis event in the study, 
and corresponding precautions to givosiran labeling were 
added as a result [23, 25]. All hepatic AEs were transient 
and resolved with continued givosiran treatment; there 
were no serious kidney AEs, and most were mild or mod-
erate in severity.

Fluctuations in eGFR and Cr were observed during 
givosiran treatment during the OLE; generally, the mag-
nitude of these changes was small. Elevated blood homo-
cysteine levels have been reported previously in patients 
with AHP, including some patients treated with givosiran 
[42, 43]. In the current study, 1 patient experienced a 
mild case of elevated homocysteine that did not necessi-
tate a change in givosiran dosing. In an exploratory anal-
ysis of AHP clinical trial data, population-level increases 
in homocysteine with substantial interpatient variation 
were observed; however, these increases did not corre-
late with adverse clinical events or changes in the efficacy 
or safety of givosiran [43]. The long-term consequences 

Fig. 6 Mean changes in EQ-5D-5L  scoresa over time. BL, baseline; EQ-5D-5L, Euro Quality of Life Health State Profile Questionnaire. aThe EQ-5D-5L 
summarizes measurements for each of 5 domains (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression). Baseline is defined 
as the derived baseline value in the Phase 1 study. The dotted line indicates the gap in time between baseline of the Phase 1 study and the first visit 
in the OLE study
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of elevated homocysteine levels in patients with AHP 
remain unknown, and the authors recommended pyri-
doxine/vitamin  B6 supplementation [43].

Preclinical and clinical evidence indicates that 
increased ALAS mRNA levels and consequent accumu-
lation of ALA and PBG cause neurotoxicity and clinical 
manifestations in patients with AHP, although the exact 
relationship between elevated ALA/PBG and clinical 
manifestations is not understood [30, 44, 45]. In the OLE 
study, ALA and PBG levels showed sustained reductions 
over the course of long-term givosiran treatment. At 
baseline in part C of the Phase 1 parent study, circulat-
ing hepatic ALAS1 mRNA levels were typically fourfold 
higher than hepatic ALAS1 mRNA levels in healthy vol-
unteers [30]; ALAS1 mRNA levels were rapidly and sta-
bly reduced during treatment with givosiran in the OLE 
study through the assessment period (Month 18).

Acute porphyria attacks are the most severe and poten-
tially life-threatening manifestations of AHP [9]. Con-
sistent with findings in the ENVISION trial, long-term 
givosiran therapy led to sustained, substantial decreases 
in AARs in this OLE study. Overall, once-monthly givo-
siran 2.5 mg/kg reduced the AAR by 97% relative to the 
run-in period of the Phase 1 parent study; in the ENVI-
SION trial, the rate of AAR reduction was 92% [33]. 
Furthermore, all patients (100%) in the OLE became 
attack-free at Months 33–36 and remained attack-free 
until the end of the study. In the final 3-month interval 
of the ENVISION OLE (Months 33–36), > 85% of patients 
were attack free [33].

IV hemin is indicated for treatment of acute porphyria 
attacks [46], and is also employed prophylactically to 
reduce acute attacks, despite accompanying risks of 
complications such as chronic iron overload, tachyphy-
laxis, and venous injury [43]. Similar to OLE results for 
AARs, substantial reductions in hemin use rates were 
observed with once-monthly givosiran 2.5  mg/kg; over-
all, hemin use decreased by 97% in the OLE study rela-
tive to the run-in period of the Phase 1 study. Parallel to 
the observed proportions of attack-free patients, 100% 
of patients in the OLE study were free of hemin use at 
Months 33–36 and remained hemin-free for the dura-
tion of the study. These reductions in hemin use rates and 
increases in hemin-free proportions were consistent with 
long-term results in the ENVISION trial [33].

QoL was assessed in the OLE study using the patient-
reported EQ-5D-5L, which includes a VAS for rating 
health [47]. The mean EQ-VAS score in the general US 
population was computed to be 80.0 (interquartile range, 
73–91) on a scale of 0 (worst imaginable health state) to 
100 (best imaginable health state) [48]. In the OLE study, 
the mean EQ-VAS improved from 68.9 points at Phase 1 
study baseline, a score indicating impaired quality of life 

[13, 47], to 84.4 points by the end of long-term givosiran 
treatment in the OLE study, representing a mean increase 
of 15.8 points. This increase exceeds the range estimated 
to indicate a minimally clinically important increase in 
EQ-VAS score in patients with other chronic diseases, 
including cancer and chronic obstructive pulmonary dis-
ease (approximately 7–10 points) [49, 50]; it should be 
noted that this threshold has not been validated in indi-
viduals with AHP. By OLE Month 48, a marked decrease 
relative to Phase 1 study baseline was observed in the 
proportion of patients who reported difficulty in the EQ-
5D-5L domains of pain/discomfort, anxiety/depression, 
and usual activities. Overall, EQ-5D-5L assessments in 
the OLE study suggest that long-term treatment with 
givosiran 2.5 mg/kg led to clinically meaningful improve-
ments in QoL, consistent with final results in the ENVI-
SION trial [33]. QoL data from these long-term trials 
indicate that continued givosiran treatment can reduce 
chronic symptoms affecting patients’ physical, emotional, 
social, and financial well-being, disease burden impacts 
that can be underrecognized due to the relative severity 
of porphyria attacks.

As expected for a rare disease, the OLE study was lim-
ited by the relatively small number of patients relative to 
other clinical trial populations. Although the open-label 
nature of the study may have influenced patients’ percep-
tions regarding changes in QoL experienced during the 
givosiran treatment period, improvements in clinical 
parameters (ie, ALA and PBG levels, porphyria attacks, 
and hemin use) were maintained over the 4-year period.

Conclusions
This longest follow-up of patients with AIP receiving 
monthly givosiran therapy (up to 48  months) demon-
strated acceptable safety, durable clinical responses, and 
improvements in QoL assessment scores.
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and were followed for an additional 12 weeks after the last injection. 
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during the Phase 1 study. If >60 days had elapsed since last Phase 1 study  
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once monthly, or 5.0 mg/kg once every 3 months (as per Phase 1 study 
protocol); all patients transitioned to 2.5 mg/kg once monthly starting 
August 2017. dWithdrawals were due to treatment-related serious AE of 
anaphylactic reaction in 1 patient and decision to discontinue treatment 
due to lack of treatment response in 1 patient. AE, adverse event; ECG, 
electrocardiogram; OLE, open-label extension.

Supplementary Material 2: Figure S2. Mean (SD) alanine aminotransferase 
levels (U/L) over time. ALT, alanine aminotransferase; BL, baseline. Baseline 
is defined as the derived baseline value in the Phase 1 study. The dotted 
line indicates the gap in time between baseline of the Phase 1 study and 
the first visit in the OLE study.

Supplementary Material 3: Figure S3. Mean (SD) eGFRs (mL/
min/1.73m2) over time. BL, baseline; eGFR, estimated glomerular filtration 
rate; SD, standard deviation. Baseline is defined as the derived baseline 
value in the Phase 1 study. The dotted line indicates the gap in time 
between baseline of the Phase 1 study and the first visit in the OLE study.

Supplementary Material 4: Figure S4. Creatinine levels relative to ULN by 
visit. BL, baseline; ULN, upper limit of normal. Baseline is defined as the 
derived baseline value in the Phase 1 study. The dotted line indicates the 
gap in time between baseline of the Phase 1 study and the first visit in the 
OLE study.

Supplementary Material 5: Figure S5. Median urinary ALA  levelsa,b  (mmol/
mol Cr) over time. ALA, 5-aminolevulinic acid; BL, baseline; Cr, creatinine. 
ULN, upper limit of normal. aAssessed using liquid chromatography-
tandem mass spectrometry. bULN for ALA: 1.47 mmol/mol Cr [39]. Baseline 
is defined as the derived baseline value in the Phase 1 study. The dotted 
line indicates the gap in time between baseline of the Phase 1 study and 
the first visit in the OLE study.

Supplementary Material 6: Figure S6. Median urinary PBG  levelsa,b  (mmol/
mol Cr) over time. BL, baseline; Cr, creatinine; PBG, porphobilinogen. ULN, 
upper limit of normal. aAssessed using liquid chromatography-tandem 
mass spectrometry. bULN for PBG: 0.14 mmol/mol Cr [39]. Baseline is 
defined as the derived baseline value in the Phase 1 study. The dotted line 
indicates the gap in time between baseline of the Phase 1 study and the 
first visit in the OLE study.

Supplementary Material 7: Figure S7. Mean (SEM) percent lowering of 
normalized urinary circulating hepatic ALAS1 mRNA (assessed through 
Month 18). ALAS1, aminolevulinate synthase 1; BL, baseline; mRNA, mes-
senger RNA. Baseline is defined as the derived baseline value in the Phase 
1 study; the dashed line indicates the gap in time between baseline of the 
Phase 1 study and the first visit in the OLE study.
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