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(212 years) with recurrent attacks received givosiran (2.5 mg/kg monthly) (n = 48) or
placebo (n = 46) for 6 months (double-blind period); 93 received givosiran (2.5 mg or
1.25 mg/kg monthly) in the open-label extension (continuous givosiran, n = 47/48;
placebo crossover, n = 46/46). Endpoints included annualized attack rate, urinary
delta-aminolevulinic acid and porphobilinogen levels, hemin use, daily worst pain,
quality of life, and adverse events.

Results: Patients receiving continuous givosiran had sustained annualized attack rate
reduction (median 1.0 in double-blind period, 0.0 in open-label extension); in pla-
cebo crossover patients, median annualized attack rate decreased from 10.7 to 1.4.
Median annualized days of hemin use were 0.0 (double-blind period) and 0.0 (open-
label extension) for continuous givosiran patients and reduced from 14.98 to 0.71 for
placebo crossover patients. Long-term givosiran led to sustained lowering of delta-
aminolevulinic acid and porphobilinogen and improvements in daily worst pain and
quality of life. Safety findings were consistent with the double-blind period.
Conclusions: Long-term givosiran has an acceptable safety profile and significantly
benefits acute hepatic porphyria patients with recurrent attacks by reducing attack

frequency, hemin use, and severity of daily worst pain while improving quality of life.
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1 | INTRODUCTION

Acute hepatic porphyria (AHP) is a family of four rare genetic dis-
eases characterized by potentially life-threatening acute attacks
and, for some patients, chronic manifestations impacting daily func-
tioning and quality of life (QOL).Y* The AHP types are acute inter-
mittent porphyria (AIP; most common), variegate porphyria (VP),
hereditary coproporphyria (HCP), and delta-aminolevulinic acid
(ALA) dehydratase-deficiency porphyria.>> Clinical manifestations
are due to pathogenic mutations leading to deficiency in an enzyme
of hepatic heme biosynthesis.® These defects predispose for trigger-
ing factors inducing delta-aminolevulinic acid synthase 1 (ALAS1),
the initial and normally rate-controlling enzyme of the heme biosyn-
thesis pathway”®; trigger factors may lead to further induction of
ALAS1.? In AHP, this can lead to accumulation of the potentially toxic
porphyrin precursors ALA and porphobilinogen (PBG), thought to be
causal for disease manifestations, as well as porphyrins.”*!

The most severe symptoms of AHP occur during acute neurovis-
ceral attacks, which manifest most commonly as severe abdominal
pain, nausea, vomiting, tachycardia, hypertension, hyponatraemia,
mental status changes, muscle weakness, and change in urine co-
lour to red/brown.t¥*12 Attacks often require hospitalization and,
without prompt treatment, can result in paralysis, respiratory
failure, and, rarely, permanent neurologic deficits or death, 41314
Approximately 3% to 8% of symptomatic patients with AIP experi-

ence recurrent attacks (24 attacks/year).*>'5¢ Some patients also

Acute hepatic porphyria, ALA synthase-1, givosiran, health-related quality of life, RNAi

Lay Summary

Acute hepatic porphyria is a rare genetic disease that in-
volves potentially life-threatening acute attacks and, for
some patients, persistent symptoms impacting their ability
to perform daily activities. In this evaluation of information
compiled from the ongoing ENVISION study, long-term
givosiran treatment benefited acute hepatic porphyria
patients with repeated attacks by reducing the number of
attacks, hemin use, and daily pain while improving qual-
ity of life. Long-term givosiran use is safe and effective for
patients with acute hepatic porphyria who experience re-

peated attacks.

experience debilitating chronic symptoms between attacks, such as
pain, fatigue, and nausea.*!’ Long-term complications and comor-
bidities related to AHP can include chronic kidney disease (CKD),
fixed systemic arterial hypertension, chronic neuropathy, and liver
disease (including aminotransferase elevations, fibrosis, cirrhosis,
and hepatocellular carcinoma).3->16:18-21

Prior to the approval of givosiran, treatment options were limited,
and disease management focused on avoidance of attack triggers and
use of intravenous (IV) glucose or hemin for attacks.*? For patients expe-

riencing recurrent attacks, the impact of the disease can be severe*!;
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management may include prophylactic hemin, and, rarely, liver trans-
plantation has been used as the treatment of last resort.>?? Hemin
treatment carries the risk of adverse events (AEs), both acute (eg, head-
ache, phlebitis) and chronic (eg, iron overload, venous thrombosis, ve-
nous obliteration, and central venous catheter compIications).s'lo'u'23
Givosiran is a subcutaneously administered RNA interference
therapeutic approved for the treatment of AHP in adults (USA,

24-26

Brazil, Canada), and in adults and adolescents aged 12 years

and older (European Economic Area, United Kingdom, Switzerland,

).?” Targeting messenger RNA (mRNA) encoding ALAS1, giv-

Japan
osiran lowers induced ALAS1, thereby preventing accumulation of
ALA and PBG.?83! Clinical studies have demonstrated that givosiran
treatment leads to sustained lowering of urinary ALAS1 mRNA, ALA
and PBG levels, and, in patients experiencing recurrent attacks, re-
duces the annualized attack rate (AAR) compared with placebo.w32

Givosiran treatment for 6 months during the double-blind period
of the randomized, placebo-controlled, phase 3 study in 94 patients
with AHP and recurrent attacks (ENVISION) led to reductions in por-
phyria attack rate, hemin usage, ALA and PBG levels, and daily worst
pain compared with placebo.?® Patients treated with givosiran also
showed improvement in QOL and patient-reported outcomes. After
the double-blind period, all on-study patients received givosiran
during the open-label extension (OLE) period, which aims to assess
the long-term efficacy and safety of givosiran in patients with AHP.
Here we report interim data from the patients in ENVISION who

completed at least 24 months on study.

2 | MATERIALS AND METHODS
2.1 | Study design and patients

ENVISION (NCT03338816) is a 36-month study evaluating the
efficacy and safety of givosiran in patients with AHP: a 6-month,
double-blind, randomized, placebo-controlled period,28 and a 30-
month OLE period. The present analysis reflects cumulative efficacy
and safety data as of the data cutoff date of June 24, 2020, at which
time all active patients had at least completed the Month 24 visit.
Eligible patients were aged 212 years with a documented diagnosis
of AHP and a confirmed AHP genetic mutation or biochemical and
clinical criteria consistent with AHP, had >2 porphyria attacks (re-
quiring hospitalization, urgent healthcare visit, or treatment with IV
hemin at home) within the 6 months prior to baseline, and agreed
to discontinue prophylactic hemin (hemin only permitted for acute
attacks). During the double-blind period, patients were randomized
(1:1) to monthly givosiran (2.5 mg/kg) or placebo for 6 months.
Patients entering the 30-month OLE received subcutaneous gi-
vosiran 2.5 or 1.25 mg/kg monthly through Month 12 (Figure S1).
The lower dose was introduced in a protocol amendment to assess
efficacy and safety. Those enrolled before the amendment received
2.5 mg/kg; therefore, dose allocation in the OLE was not balanced.
Patients receiving 1.25 mg/kg who experienced inadequate disease

control could revert to 2.5 mg/kg at or after the Month 13 visit. In
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Key points

e After a 6-month double-blind period, 93 patients with
acute hepatic porphyria and recurrent attacks received gi-
vosiran in the 30-month open-label extension period (con-
tinuous givosiran, n=47/48; placebo crossover, n=46/46);
data from the 24-month interim analysis are reported here.

e Continuous givosiran patients had sustained annualized
attack rate reduction; in placebo crossover patients, me-
dian annualized attack rate decreased from 10.7 (double-
blind period) to 1.4 (open-label extension period).

e Long-term givosiran treatment led to sustained lowering
of delta-aminolevulinic acid and porphobilinogen and
improvements in daily worst pain and patient-reported
assessments of quality of life.

e Long-term givosiran treatment was well tolerated.

a further protocol amendment, all patients remaining on the lower
dose with no clinically relevant transaminase elevations had their
doses increased to 2.5 mg/kg. The study was approved by central
and local institutional review boards or ethics committees and was
conducted in accordance with Good Clinical Practice guidelines and
the provisions of the Declaration of Helsinki. All patients provided
written informed consent.

2.2 | Outcome measures and safety assessments

Efficacy assessments including AAR of composite porphyria attacks
(defined as attacks requiring hospitalization, urgent healthcare visit, or
IV hemin administration at home and hereinafter referred to as “com-
posite attacks” or “attacks”), annualized days of hemin use, and urinary
levels of ALA and PBG were collected throughout the study. Patient-
reported outcomes included daily worst pain, fatigue, and nausea
(Figure 52),33%* opioid use, changes from baseline in the 12-Item
Short Form Health Survey Version 2 (SF-12v2) scores,®> EuroQOL-5
Dimension (EQ-5D), Patient Global Impression of Change (PGIC), and
Porphyria Patient Experience Questionnaire (PPEQ) (Figures S3, 54,
and S5). Data for daily worst pain, fatigue, nausea, opioid use, and PGIC
were collected through Month 12. Safety assessments included moni-
toring of AEs, clinical laboratory measures, vital signs, 12-lead electro-
cardiography, and physical examination and were done throughout the
study. Adverse events were coded according to the Medical Dictionary

for Regulatory Activities Version 23.0.

2.3 | Statistical analysis

This 24-month interim analysis was conducted using data with a cutoff
date of June 24, 2020, when all active study patients had completed

their Month 24 visit. Efficacy and patient-reported outcomes were
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analysed according to whether patients received givosiran in the double-
blind period before receiving givosiran in the OLE (continuous givosiran
group) or received placebo in the double-blind period and crossed over
to givosiran in the OLE (placebo crossover group). Analyses of efficacy
outcomes were descriptive. Safety assessments were analysed in all pa-
tients who received at least one dose of givosiran; cumulative safety
data from first dose of givosiran through June 24, 2020 were reported.

3 | RESULTS
3.1 | ENVISION population

Of 94 patients enrolled in the double-blind period, 89 had AIP, two
had VP, one had HCP, and two had AHP without identified muta-
tions. Of the 48 patients randomized to receive givosiran in the
double-blind period, 47 entered the OLE (continuous givosiran
group). One patient with VP did not enter the OLE due to abnor-
mal liver function tests and treatment discontinuation (discussed in
Safety section). All 46 patients randomized to receive placebo in the
double-blind period entered the OLE and began givosiran treatment
(placebo crossover group). In the OLE, 37 patients received givosiran
1.25 mg/kg monthly (n = 20 in the continuous givosiran group and
n = 17 in the placebo crossover group), and 56 patients received gi-
vosiran 2.5 mg/kg monthly (n = 27 in the continuous givosiran group
and n = 29 in the placebo crossover group). Of the 37 patients who
initially received 1.25 mg/kg monthly in the OLE, 18 experienced
inadequate disease control (n = 9 in the continuous givosiran group
and n = 9 in the placebo crossover group) and received 2.5 mg/kg at
or after the Month 13 visit. All patients remaining on the lower dose
received 2.5 mg/kg following a subsequent protocol amendment
(approximately half of these escalations occurred after the data cut-
off date of June 24, 2020) (Figure S1). Continuous givosiran and pla-
cebo crossover groups were generally well balanced with respect to
baseline demographic and clinical characteristics (Table 1).

At data cutoff, 10 patients had discontinued treatment and
7 patients had withdrawn from the study (Figure S1); overall, 87
givosiran-treated patients remained in the study. Primary reasons
for treatment discontinuation were AEs (n = 4, 1 in the double-blind
period and 3 in the OLE), pregnancy (n = 1), noncompliance with
study drug (n = 1), and participant decision (n = 4).

As of June 24, 2020, overall median exposure to givosiran was 22.2
(range, 1.8-30.4) months (1 month = 30.44 days), with a cumulative ex-
posure of 164.0 person-years. A total of 89, 87, 75, 28, and 2 patients

received givosiran for 26, 212, 218, 224, and 230 months, respectively.

3.2 | Efficacy
3.2.1 | Annualized attack rate and hemin use

Long-term treatment with givosiran led to sustained AAR reduc-

tion (Figure 1A). Patients in the continuous givosiran group had a

sustained AAR reduction (median AAR 1.00 and 0.00 during the
double-blind and OLE periods, respectively). In the placebo crosso-
ver group, median AAR decreased from 10.65 in the double-blind
period to 1.35 in the OLE. During givosiran treatment, median AAR
was 0.46 and 1.35 in the continuous givosiran and placebo crossover
groups, respectively, and 0.63 in all givosiran patients. The propor-
tion of patients with zero composite attacks per 3-month interval
increased during the OLE compared with the double-blind period
from 67% at Month >3 to 6 to 83% at Month >21 to 24 (continu-
ous givosiran group) and from 24% to 76% (placebo crossover group)
(Figure 1B).

Long-term givosiran treatment was associated with a sustained
reductionin hemin use (Figure 1C). In the continuous givosiran group,
median annualized days of hemin use were 0.00 during the double-
blind period (0-6 months) and 0.00 during the OLE (>6 months).
From baseline until the data cutoff date (double-blind + OLE peri-
ods), overall median annualized days of hemin use across all patients
treated with givosiran was 0.44 day per year. The proportion of pa-
tients with zero days of hemin use increased during the OLE com-
pared with the double-blind period (Figure 1D) and reached 293%
in both the placebo crossover and continuous givosiran groups by
Month 27 in the OLE period (Figure 1E). In the continuous givosiran
group, 68% of patients did not require hemin during the OLE. In the
placebo crossover group, 49% of patients had zero days of hemin
use during the OLE compared with 26% in the double-blind period.

3.2.2 | Patient-reported outcomes and
patient experience

Patients in the continuous givosiran group reported a further de-
crease in daily worst pain during the OLE (median changes from
baseline score of 2.29 in daily worst pain were -0.34 and -0.77 in
the double-blind period and OLE period Month 6 to Month 12, re-
spectively). Placebo crossover patients also reported a decrease in
daily worst pain in the OLE compared with the double-blind period
(median changes from baseline score of 3.50 in daily worst pain were
+0.10 in the double-blind period and -0.54 in the OLE). Decreases in
the number of patients (67% vs 83%) and median proportion of days
(5.7 vs 8.5) with opioid use were reported in the placebo crossover
group during the OLE compared with the double-blind period. No
changes were observed in patient-reported scores for fatigue and
nausea.

At Month 24, patients with long-term treatment with givosiran
showed further improvement in physical and mental health, as as-
sessed by the SF-12 Physical Component Summary (PCS), Mental
Component Summary (MCS), and individual domain scores, all
of which increased compared with Month 6 in both the contin-
uous givosiran and placebo crossover groups (SF-12v2 survey;
Figures S6A and S6B). Givosiran treatment also further improved
QOL assessed by the EuroQol-visual analog scale element of the
EQ-5D during the 24-month OLE (Figure S7). Patient-rated overall

status (PGIC; Figure S8) was assessed until 12 months; the majority
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TABLE 1 Baseline demographic and clinical characteristics of patients with acute hepatic porphyria in the ENVISION study

Characteristic

Age at screening, years, median (range)
Female, n (%)
Race, n (%)

Caucasian

Black/African American

Asian

Other
AlP, n (%)
Non-AIP,? n (%)

HCP

VP

AHP without an identified mutation®
Years since diagnosis, median (range)
Prior hemin prophylaxis, n (%)
Historical AAR,® median (range)
Prior chronic symptoms,® n (%)
Prior chronic opioid use, n (%)
Baseline urinary ALA (mmol/mol Cr), median (range)
Baseline urinary PBG (mmol/mol Cr), median (range)
Neuropathy, n (%)

Sensory

Motor

Autonomic

Placebo crossover

(n=46)
36.0 (20, 60)
41 (89)

34 (74)

1(2)

7 (15)

4(9)

43(93)

3(7)

0(0)

1(2)

2(4)

6.46 (0.1, 38.5)
18 (39)

7.0(0,9 46)

26 (57)

13 (28)

16.4 (1.4, 41.5)
39.3(3.6,87.7)
16 (35)

8(17)

8(17)

3(7)

Continuous givosiran All givosiran
(n =48) (N =94)
42.0 (19, 65) 37.5(19, 65)
43 (90) 84 (89)

39 (81) 73(78)

0(0) 1(1)

8(17) 15 (16)

1(2) 5(5)

46 (96) 89 (95)

2(4) 5(5)

1(2) 1(1)

1(2) 2(2)

0(0) 2(2)
6.98(0.2,43.3) 6.55(0.1,43.3)
20 (42) 38 (40)

8.0 (4, 34) 8.0 (0,% 46)
23 (48) 49 (52)

14 (29) 27 (29)

16.4 (1.8, 88.9)
39.6 (0.4, 150.0)

16.4(1.4,88.9)
39.6 (0.4, 150.0)

20 (42) 36 (38)
10(21) 18 (19)
13(27) 21(22)
0 3(3)

Note: AAR, annualized rate of composite porphyria attacks; AHP, acute hepatic porphyria; AIP, acute intermittent porphyria; ALA, delta-
aminolevulinic acid; Cr, creatinine; HCP, hereditary coproporphyria; IV, intravenous; OLE, open-label extension; PBG, porphobilinogen; VP, variegate

porphyria.

2Porphyria subtypes other than acute intermittent porphyria include HCP, VP, ALA dehydratase-deficiency porphyria with an identified mutation,
and acute hepatic porphyria without an identified mutation. No patients with ALA dehydratase-deficiency porphyria were enrolled in this trial.

PThe two patients with acute hepatic porphyria without an identified mutation were considered by the trial investigator to have acute intermittent

porphyria on the basis of biochemical analysis.

‘Composite porphyria attacks are attacks requiring hospitalization, an urgent healthcare visit, or IV hemin treatment at home.

4One patient in the placebo group did not meet inclusion criterion of 22 composite porphyria attacks within 6 months prior to screening (patient had
2 attacks that were treated at home without IV hemin). This was identified as a protocol deviation.

¢Symptoms were chronic if patients experienced symptoms of porphyria daily or on most days when not having an attack and were reported by

Investigators.

fOpioid use was defined as chronic if patients reported taking them for porphyria daily or most days when not having an attack.

of patients in the continuous givosiran group reported improve-
ment in overall status since study commencement at Months 6
and 12; placebo crossover patients had similar improvements at
Month 12 compared with givosiran patients at Month 6. Long-
term treatment with givosiran was associated with improvement
in activities of daily living, perception of treatment, and living a
more normal life, with improvements at 24 months seen in both
the continuous givosiran and placebo crossover groups (PPEQ;
Figures S9A and S9B).

3.2.3 | Pharmacodynamics

Long-term givosiran treatment led to a sustained lowering of me-
dian urinary ALA and PBG to near-normal levels in the continuous
givosiran group, and a >75% reduction in the placebo crossover
group during the OLE (Figures 2A and B). At baseline during the
double-blind period, mean urinary ALAS1 mRNA expression was
similar in the placebo and givosiran groups (2.21 and 2.66, respec-
tively). At Month 6, mean ALAS1 mRNA was reduced by 58% in
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FIGURE 1 Attack frequency and hemin use with long-term givosiran treatment. A, Median AAR. TDescriptive analysis. *Placebo
crossover patients receiving givosiran 2.5 mg/kg (n = 29) or 1.25 mg/kg (n = 17). B, Proportion of patients with zero attacks by 3-month
intervals. Baseline represents 6 months prior to randomization. One patient did not meet an inclusion criterion and was enrolled in the
study (did not have the requisite number of attacks in the 6 months prior to randomization). Composite attacks include porphyria attacks
requiring hospitalization, urgent healthcare visit, or intravenous hemin administration at home. 1 month = 28 days. C, Median annualized
days of hemin use. D, Proportion of patients with zero days of hemin use. E, Proportion of patients with zero days of hemin use by 3-month
intervals. AAR, annualized attack rate; DB, double-blind; Givo, givosiran; OLE, open-label extension; PBO, placebo

(A) Median Urinary ALA Levels over Time®
22 [«——— DB Period e OLE Period >
/—é 20—_ :
5 %7 i
E 167 G
< 14
2] -
N 12—_
g 107
S 8-
‘06 4
c 67
R 1
B 4]
= 2
i |
0 LA L A A N L L L L L L BN L BN N N N B B LA R
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Visit (Month)
Treatment Group - - FJ- - Placebo/Givosiran —@— Givosiran/Givosiran
No. of Patients:
Pbo/Givo 464244 42 46 39 45 M 4445 44 42 43 43 41 42 40 41 41 40 39 40 37 15
Givo/Givo 484747 48 4T 45 44 464344 46 46 45 45 45 44 43 44 46 45 45 44 43 19
(B) Median Urinary PBG Levels over Time?
50 4«—— DB Period e OLE Period >
= |
o] :
€ H-5-8. !
S 40- o S
€ NI
E ] 0
@ 30 h
o
= ]
(]
£ 20+
)
Y— 4
S)
&
S 10
9]
E 4
i i
0 T T T T T T "t " T " T " T " T " T " T " T " T " T " T " T " T " T " T " T " T " T " T " T 7T "1
o1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Visit (Month)
Treatment Group - - F9- - Placebo/Givosiran —@— Givosiran/Givosiran
No. of Patients:
Pbo/Givo 464244 42 46 39 45 414445 44 42 43 43 M 42 40 M M 40 39 40 37 15
GivolGivo 484747 48 47 45 44 464344 46 46 45 45 45 44 43 44 46 45 45 44 43 19
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2.5 mg/kg are pooled. Reference ranges: ALA ULN, 1.47 mmol/mol Cr; PBG ULN, 0.14 mmol/mol Cr.>2 ALA, delta-aminolevulinic acid:
Cr, creatinine; DB, double-blind; OLE, open-label extension; PBG, porphobilinogen; ULN, upper limit of normal



VENTURA ET AL

WiLE YN

the givosiran group and increased by 12% in the placebo group
(data not shown).

3.3 | Safety

AEs were reported in 90 (96%) patients; the majority of events were
mild or moderate in severity. Severe AEs were reported in 27 (29%)
patients. The most frequently reported AEs (in 210% of patients)

Placebo crossover

n (%) (n=46) (n=48)
Any AE 43 (94) 47 (98)
AEs occurring in 210% of patients
Injection-site reactions® 16 (35) 19 (40)
Nausea 11 (24) 21 (44)
Fatigue 10 (22) 12 (25)
Nasopharyngitis 11 (24) 11 (23)
Headache 7 (15) 12 (25)
Urinary tract infection 8(17) 9(19)
Upper respiratory tract 10 (22) 6(13)
infection
Vomiting 8(17) 7 (15)
Diarrhoea 7 (15) 7 (15)
Abdominal pain 6 (13) 7 (15)
Lipase increased 6(13) 6(13)
Constipation 4(9) 6(13)
Influenza 5(11) 5 (10)
AEs of interest
Hepatic AEs® 8(17) 9 (19)
Renal AEs®
Any event 9 (20) 12 (25)
Increased serum 8(19) 13 (27)
creatinine or
decreased eGFR®
Any serious AE 13 (28) 15 (31)
Any severe AE 14 (30) 13 (27)
Any AE leading to treatment 2 (4) 1(2)
discontinuation
Any AE leading to study 2 (4) 1(2)
withdrawal
Death 0 0

Continuous givosiran

were injection-site reaction (ISR), nausea, fatigue, nasopharyngitis,
and headache (Table 2).

A total of 28 (30%) patients reported serious AEs (SAEs) during
the study; SAEs reported in >1 patient were blood homocysteine
increased, CKD, device breakage, pyrexia, and urinary tract infec-
tion (all n = 2) (Table S1). Three patients discontinued treatment be-
cause of SAEs considered related to givosiran by the investigators.
One patient discontinued treatment because of abnormal results on

liver function testing (reported during the double-blind period and

TABLE 2 Safety overview in patients

Al with AHP during givosiran treatment

givosiran
(N =94)

90 (96)

35(37)
32 (34)
22(23)
22(23)
19 (20)
17 (18)
16 (17)

15 (16)
14 (15)
13 (14)
12 (13)
10 (11)
10 (11)

17 (18)

21(22)
21(22)

28 (30)
27 (29)

Note: Safety data from first dose of givosiran to data cutoff date (June 24, 2020).

AE, adverse event; AHP, acute hepatic porphyria; eGFR, estimated glomerular filtration rate;
MedDRA, Medical Dictionary for Regulatory Activities; SMQ, standardized MedDRA query.
dInjection-site reactions include all AEs included under the term of high-level injection-site

reactions in MedDRA.

PHepatic AEs included any AEs within the SMQ drug-related hepatic disorders.

‘Renal AEs included all AEs mapping to the SMQ chronic kidney disease.

4This category included a subgroup of patients who had changes in serum creatinine level or eGFR
reported as an increased blood creatinine level, a decreased eGFR, or chronic kidney disease.
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described below). Two patients at one site had SAEs of blood ho-
mocysteine increased, based on laboratory assessments performed
by the investigator that were not prespecified in the protocol. The
elevations of homocysteine were considered medically significant
events and considered possibly related to givosiran by the investiga-
tor. One of these patients had a concurrent SAE of hypersensitivity,
and the other had a concurrent SAE of pancreatitis.36 Both withdrew
from the study due to the SAEs of blood homocysteine increased.
There were no deaths related to givosiran during the study.

Hepatic AEs were reported in 17 (18%) patients; all were mild
or moderate in severity, the majority being serum aminotransferase
elevations. A total of 10 patients (11%) had alanine aminotransfer-
ase (ALT) levels more than 3 times the upper limit of normal (ULN),
of whom 3 patients (3%) had ALT levels more than 5 times ULN.
One patient with ALT greater than 8 times the ULN, reported as an
SAE of liver function test abnormal, discontinued treatment (due to
a protocol-defined stopping rule) and withdrew from the study at
the end of the double-blind period. The ALT elevations generally oc-
curred approximately 3 to 6 months after givosiran was started, and
then resolved subsequently (Figure S10). No patients discontinued
givosiran due to hepatic events during the OLE period.

Twenty-one patients (22%) reported renal AEs, which were
mostly increased creatinine and/or decreased estimated glomerular
filtration rate (eGFR); most events were mild or moderate in sever-
ity and none led to treatment discontinuation. Small decreases in
eGFR observed early in therapy stabilized over Months 12 to 24
(Figure S11). Some patients with pre-existing kidney disease showed
a small, continued decrease in their eGFR. No patients discontinued
givosiran due to renal events during the OLE period.

ISRs occurred in 37% of patients and 6% of the 2152 doses of
givosiran given; all ISRs were mild or moderate in severity, and none
led to discontinuation. The most common symptoms of ISRs included
erythema, pruritus, rash, pain, and swelling at the injection site.

On laboratory evaluation, there have been no notable changes
in haematology parameters related to givosiran. Mean values for li-
pase and amylase have remained generally stable during the study;
however, intermittent elevations of lipase and amylase have been
observed in some patients. The proportion of patients with shifts in
lipase and amylase were comparable between the placebo and givo-

siran groups during the double-blind period, without any imbalances.

4 | DISCUSSION

Disease burden is substantial and treatment options are limited for
patients with AHP who experience recurrent attacks and chronic
symptoms between attacks.**?'%7 Natural history data suggest
that up to 65% experience chronic, debilitating symptoms such as
pain, fatigue, and nausea that negatively impact daily functioning
and QOL.*?83840 Hemin is recommended for treatment of acute at-
tacks that do not respond to treatment with glucose and in patients
who display neurologic symptoms or require hospitalization”***?;

it is also used for prophylaxis.**® However, repeated prophylactic
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use of hemin may be associated with reduced efficacy, and it is as-
sociated with AEs such as venous damage and thrombophlebitis,
coagulation abnormalities, and secondary iron overload.>?84%445
Compared to placebo, givosiran treatment has been shown to have
significant clinical efficacy and an acceptable safety profile in pa-
tients with AHP.2®

Consistent with the results from the double-blind period, this
24-month interim analysis of the ENVISION study confirms that
long-term givosiran dosing leads to continuous and sustained reduc-
tions in AAR and hemin use, with 83% and 76% of patients being
attack-free (continuous givosiran and placebo crossover groups,
respectively), and 68% and 49% of patients, respectively, not re-
quiring supplemental hemin. Lower opioid use occurred against a
background of patient-reported reduced daily worst pain (12-month
data). Long-term givosiran dosing resulted in improvements in sev-
eral patient-reported outcomes, including physical functioning, ac-
tivities of daily living, and overall health status assessment scores.
The SF-12 PCS score increased by 8.9 points in the continuous givo-
siran group and 10.0 points in placebo crossover patients in the OLE.
In other chronic diseases, a 22- to 5-point increase is considered a
clinically meaningful improvement.®®%” Sustained and continuous
improvements in the attack rate, the proportion of patients who re-
mained attack-free, and patient-reported outcomes were associated
with sustained lowering of ALA and PBG levels, the toxic heme inter-
mediates considered causal for disease manifestations.>**

During the OLE period, the protocol was amended to assess the
efficacy and safety of a lower dose of givosiran (1.25 mg/kg). Results
demonstrated a trend toward greater reductions in AAR, urinary
ALA and PBG levels, and hemin use in placebo crossover patients
treated with givosiran 2.5 mg/kg once monthly, compared with
those treated with givosiran 1.25 mg/kg once monthly (Alnylam,
data on file). Consistent with this observation, approximately half of
the patients assigned to the 1.25 mg/kg dosing regimen (including
those in the placebo crossover group and the continuous givosiran
group) had inadequate disease control and required dose escalation
to 2.5 mg/kg. Both dosing regimens had acceptable safety profiles.
Thus, the recommended dosing regimen for givosiran is 2.5 mg/kg
once monthly.

The key safety findings of this 24-month interim analysis were
consistent with those observed during the 6-month double-blind
period?® and from the phase 2 OLE study, in which patients were
treated with givosiran for 236 months.*¢ Elevations in serum amino-
transferase levels occurred in some patients, primarily 3 to 5 months
after initiation of the trial regimen; most resolved with continued
dosing. CKD is a long-term complication of AHP,'® and one-third of
patients in ENVISION had reduced eGFR (<60 mL/min/1.73 m?) at
baseline. During treatment with givosiran, small (mostly reversible)
decreases in eGFR were observed early in therapy and generally
stabilized by Months 12 to 24. Renal function should be monitored
during givosiran treatment, as clinically indicated.

Elevations of blood homocysteine have been reported in patients
with AHP, with a correlation of higher levels in those with greater

disease activity.3¢*4? As 2 SAEs of blood homocysteine increases
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were observed in the present ENVISION study,36 analyses of blood
homocysteine levels were performed on exploratory samples, which
included levels collected before, during, and after givosiran treat-
ment. During these analyses, blood homocysteine levels were also
noted to be increased compared with available baseline levels.?%>!
Blood homocysteine levels increased in all patients in one analysis
(9/9 patients) and in most patients in the second analysis (14/15 pa-
tients).>%>! The degree of homocysteine elevation varied among pa-
tients.>>%! The long-term consequences of homocysteine elevations
in patients with AHP are unknown. Additional work on the possible
implications is needed.

The study is limited by the relatively small number of patients in
the study population. However, the ongoing ENVISION study is the
largest intervention study to date for this rare disease.

The 24-month data from this phase 3 study show that long-term
dosing with givosiran is well tolerated and provides sustained and
continuous benefit to patients with AHP, as reflected by a durable
reduction in frequency of attacks, hemin use to treat attacks, lev-
els of toxic heme intermediates ALA and PBG, daily pain, and opioid
use. Givosiran treatment was also associated with improvement in

assessments of physical functioning and QOL.
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