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Executive Summary

An overview of the submission details for the drug under review is provided in Table 1.

Introduction

The porphyrias are a group of metabolic disorders caused by altered activities of enzymes
within the heme biosynthetic pathway. The acute hepatic porphyrias (AHPs) include

acute intermittent porphyria (AIP), aminolevulinic acid dehydratase-deficient porphyria
(ADP), hereditary coproporphyria (HCP), and variegate porphyria (VP). Each type of AHP is
characterized by a specific genetic mutation involved in the synthesis of heme in the liver;
however, these types are clinically indistinguishable.” Information about the prevalence and
incidence of AHP that is specific to Canadians is not available. The estimated prevalence
of AHP in the Canadian provinces (excluding Quebec) is Il per million population? however,
it was noted by both the sponsor and the clinical experts consulted for this review that
patients with AHP are underdiagnosed due to a lack of available treatment options and poor
awareness of the disease.

In patients with AHP, the altered enzymatic activity within this pathway results in an
excessive accumulation of the intermediate porphyrin precursors, aminolevulinic acid (ALA)
and porphobilinogen (PBG), which are neurotoxins that can precipitate an acute attack.’®
During an acute attack, patients report a significant increase in pain that can gradually build
over hours and last for a number of days.® Some patients report pain in the chest, back, or
extremities; however, severe abdominal pain is more typical. Long-term complications with
recurrent acute attacks may include chronic pain, chronic kidney failure, and liver damage.

Treatment for AHP is mainly targeted at preventing acute attacks. The British and Irish
Porphyria Network (BIPNET) recommends that recurrent acute attacks be managed through
general measures and the avoidance of precipitating factors, gonadotropin-releasing hormone
(GnRH) analogues, prophylactic heme arginate, and/or liver transplantation.* The clinical
experts consulted for this review indicated that the avoidance of triggers is sufficient for
many patients. One of the biggest contributors to an acute attack is a change in progesterone
levels during the menstrual cycle. In some cases, GnRH analogues may be used (with expert
guidance) to suppress the menstrual cycle; however, the clinical experts consulted for this
review reported that long-term use of hormone therapy is typically not an option due to the
severity of the side effects. Despite the narrow indication for the treatment of acute attacks,

Table 1: Submitted for Review

Item Description

Drug product Givosiran (Givlaari), 189 mg/mL, solution for subcutaneous injection
Indication For the treatment of acute hepatic porphyria in adults
Reimbursement request As per indication

Health Canada approval status NOC

Health Canada review pathway Priority review

NOC date October 9, 2020

Sponsor Alnylam Netherlands B.V.

NOC = Notice of Compliance.

CADTH Reimbursement Review Givosiran (Givlaari) 11
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hemin is often considered for prophylactic use outside of the indication in patients who
exhibit recurrent attacks with the preventive measures described previously; however, the use
of hemin is also associated with complications resulting from the requirement for venous
access, iron overload, and difficulty withdrawing from treatment. Liver transplantation may
be considered in patients with recurrent attacks who are frequently hospitalized and exhibit
diminishing health-related quality of life (HRQoL).

The drug under review, givosiran, is a double-stranded, small, interfering RNA that results
in a reduction of liver 5-aminolevulinate synthase 1 (ALAST) mRNA. In Canada, givosiran is
indicated for the treatment of AHP in adults.® It is available as a solution for subcutaneous
injection (189 mg givosiran/mL) and does not require additional reconstitution or dilution
before administration. The recommended dose is 2.5 mg/kg once monthly, based on body
weight. The objective of this review is to perform a systematic review of the beneficial and
harmful effects of givosiran 2.5 mg/kg once monthly for the treatment of AHP in adults.

Stakeholder Perspectives

The information in this section is a summary of input provided by the patient groups who
responded to CADTH's call for patient input and from clinical experts consulted by CADTH for
the purpose of this review.

Patient Input

CADTH received 2 patient group submissions for this review from the Canadian Association
for Porphyria/Association Canadienne de Porphyrie (CAP) and the American Porphyria
Foundation (APF). CAP is a national voluntary charity whose mission is to deliver evidence-
based information and support to patients with porphyria, their families, health care providers,
and the general public. APF provides programs to raise awareness and educate health care
professionals and the general public in 76 countries around the world. Of its international
members, more than 300 are located in Canada. To obtain input for this review, CAP
distributed a survey to its members in February 2021. The survey was restricted to Canadian
patients and caregivers with experience with AHP. In total, 22 patients and 4 caregivers
responded to the survey. CAP also requested support from the British Porphyria Association,
which shared 3 interviews from individuals who had received givosiran. APF used its social
media platforms and online newsletters to connect with Canadian patients about their
experiences with porphyria. It also collected responses by telephone and email. Some of the
responses in the APF submission were collected during an Alnylam Patient Advisory Board
meeting. Twelve individual patient submissions were collected from Canadians.

In both submissions, respondents noted that they had experienced the following symptoms,
among others: pain, fatigue, nausea, weakness, paralysis, neuropathy, seizures, anxiety, and
depression. More than 80% of patients from the CAP survey had experienced symptoms at
least once a month, with many reporting that these symptoms occurred more than 20 days
per month. The group also reported that 86% of respondents had at least 1 attack in the

past year and 36% had at least 10. Furthermore, 55% of patients had gone to the emergency
room at least once in the past year due to an attack, while 18% had gone at least 10 times.
Porphyria attacks can prevent patients and caregivers from being able to work, lead to poorer
quality of life, and negatively affect relationships. The patient input submissions described
how symptoms and efforts to avoid triggers could strain social relationships and make it
difficult to care for their families. Both groups emphasized the negative effects that porphyria
had on their daily lives and mental health.

CADTH Reimbursement Review Givosiran (Givlaari)
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Respondents would like a cure for porphyria, but many believe a more realistic goal is to have
a treatment that prevents attacks and reduces symptoms, particularly pain, nerve damage,
and paralysis. Patients and caregivers would like to see additional options that are more
effective, have fewer side effects, offer an easier mode of administration, can be administered
outside of a hospital, and will lead to improvements in quality of life. Other limitations to
accessing treatments that were identified include the need for travel, the requirement for
venous access, and the lack of access to specialists and proper diagnostic testing.

Clinician Input
Input From Clinical Experts Consulted by CADTH

One of the major goals in the management of AHP is to reduce the frequency of AHP attacks.
According to the clinical experts consulted for this review, most patients with recurrent
attacks will continue to have recurrent attacks with currently available treatment strategies.
The experts noted that while prophylactic hemin can be used to reduce the rate of AHP
attacks, with case reports of improvement, the use of prophylactic hemin is outside of the
Health Canada—approved indication and has not been studied well. GhRH may also be used
to prevent AHP attacks, but it is not approved for prolonged use and is associated with side
effects and loss of bone mineral density.

As per feedback from the clinical experts consulted for this review, givosiran would be used
in patients that have recurrent attacks because there is no evidence to support its use in
asymptomatic individuals or acute attacks. The clinical experts felt that givosiran would not
be used as a first-line treatment or to treat the first AHP attack. They recommended that
patients with AHP try other approaches to treatment, such as avoidance of triggers, before
givosiran. The experts expected givosiran to provide an alternative therapy for a small subset
of patients with frequent or recurrent attacks who would otherwise require hospitalization
and hemin administration. The experts recommended that givosiran be reserved for patients
with recurrent symptoms or flares that are consistently affecting their HRQoL. Givosiran was
also described by the experts as an appropriate treatment for patients who qualify for hemin
prophylaxis but cannot adhere to treatment due to toxicity or lack of convenience.

The following outcomes were noted by the clinical experts as those that are used

to determine response to treatment in clinical practice: reduced attack rate, reduced
hospitalization, reduced need for hemin, frequency of neurovisceral flares, and improved
patient-reported outcomes, such as daily symptoms, HRQoL, and work-life productivity.

The clinical experts suggested that patients be assessed for response to treatment every

6 months or annually. All of the experts agreed that 1 year would be a sufficient amount of
time to assess a patient’s response to treatment; however, the variable presentation of the
disease—as evidenced by yearly fluctuations in attack frequency—was noted as a limitation in
this assessment.

In general, the clinical experts felt that patients treated with givosiran would continue with
treatment until there was a reason for discontinuation, such as safety concerns or an
increase (or lack of improvement) in rate of attacks with treatment, which may indicate that
treatment is not working. The clinical experts also indicated that menopause would be a
potential reason to trial treatment discontinuation in patients with stable disease. However,
it was challenging for the clinicians to specifically define response to treatment due to the
heterogeneous nature of AHP among patients. The clinical experts also noted that if attacks
recurred following discontinuation, restarting treatment with givosiran would be a possibility.

CADTH Reimbursement Review Givosiran (Givlaari) 13
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Clinician Group Input
CADTH did not receive any input from clinician groups for this review.

Drug Program Input

The drug programs inquired about the requirements for diagnosis of types of AHP, the use
of givosiran outside of the criteria used in Study 003 (see Description of Studies in the next
section), discontinuation of therapy, the use of givosiran in combination with hemin for

an acute attack, and generalizability issues for non-AIP types of AHP. The clinical experts
noted that the biochemical tests for urinary ALA and PBG are specific to AHP and, along
with clinical evidence consistent with porphyria attacks, are sufficient to make a diagnosis;
genetic tests are not required. The clinical experts indicated that treatment decisions would
be made on a case-by-case basis using clinical judgment, but would generally be guided by
the criteria outlined in the pivotal trial. The clinical experts did not express concern about the
use of givosiran in combination with hemin. The results of the trial in patients with AIP were
considered generalizable to all patients with AHP.

Clinical Evidence

Pivotal Studies and Protocol-Selected Studies
Description of Studies

One multi-centre, placebo-controlled, double-blind (DB), phase IlI study (Study 003) was
included in the CADTH systematic review. Study 003 was designed to evaluate the efficacy
and safety of givosiran administered once monthly in patients with AHP. Included patients
had to be at least 12 years old with a documented diagnosis of AIP, HCP, VP, or ADP, had
experienced at least 2 composite porphyria attacks within 6 months before screening, and
had to be willing to abstain from prophylactic use of hemin during the trial. The primary
objective was to evaluate the effect of subcutaneous givosiran compared to placebo in
terms of the rate of porphyria attacks requiring hospitalization, urgent health care visit, or

[V hemin administration at home over 6 months in patients with AIP. The annualized rate of
porphyria attacks in patients with AHP and the following assessments in patients with AIP
were included as secondary outcomes: urinary ALA and PBG levels, hemin use, daily worst
scores for symptoms (including pain, fatigue, and nausea), and HRQoL as measured using
the 12-item Short Form Health Survey (SF-12). Opioid use, the Porphyria Patient Experience
Questionnaire (PPEQ), and the ability to work or attend school, as well as the secondary end
points analyzed in patients with AHP, were included as exploratory outcomes. Study 003
implemented a statistical hierarchy to control for multiple testing, where the first outcome
to be tested was the annualized attack rate (AAR) in patients with AIP over the 6-month DB
period followed by the following outcomes (conducted in patients with AIP unless indicated
otherwise): urinary ALA levels at 3 months; urinary ALA levels at 6 months; urinary PBG levels
at 6 months; annualized rate of administered hemin doses over the 6-month DB period; AAR
in patients with AHP over the 6-month DB period; daily worst pain score; fatigue score; nausea
score over the 6-month DB period; and, change from baseline in the Physical Component
Summary (PCS) of the SF-12 at 6 months.

A total of 94 patients were randomized in Study 003, 89 (95%) of whom had AIP. Patients with
AIP were between the ages of 19 years and 65 years (mean = 37.3 years to 40.7 years); 89%
10 91% were female; and 35% to 40% resided in North America. Between 40% and 44% of
patients had prior experience with prophylactic hemin, and based on the composite definition
of porphyria attacks, the median historical AAR was 8 attacks (range = 4 to 34) and 8 attacks
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(range = 0 to 46) in the givosiran and placebo treatment groups, respectively. While not having
a porphyria attack, 48% to 56% of patients reported having chronic symptoms, and 28% to
30% reported chronic opioid use. Baseline characteristics in patients with AHP were similar to
those reported for patients with AIP.

Efficacy Results

A summary of key results from the pivotal trial is provided in Table 2. The description of
results provided here will focus on analyses conducted in the modified full analysis set
(MFAS) for patients with AIP. Results based on the full analysis set (FAS) in patients with all
types of AHP will only be described if there is a notable difference from the results based
on the mFAS.

The primary end point of the pivotal trial was the annualized rate of porphyria attacks in
patients with AIP over the 6-month DB period, where porphyria attacks were defined as events
requiring hospitalization, urgent health care visits, or IV hemin administration at home. The
mean AAR based on the composite end point was 3.22 (95% confidence interval [Cl], 2.25

to 4.59) and 12.52 (95% Cl, 9.35 to 16.76) for patients in the givosiran treatment group and
placebo treatment group, respectively. This corresponded to a 74% reduction in the rate of
porphyria attacks for patients in the givosiran group relative to patients receiving placebo (rate
ratio = 0.26; 95% Cl,0.16 t0 0.47; P < 0.007). The number of attacks for each component of
the primary outcome was also reported. Treatment with givosiran corresponded to a 49% rate
reduction in attacks that required hospitalization [rate ratio = 0.51 (95% Cl, 0.25 to 1.04)], and
an 84% rate reduction in attacks requiring an urgent health care visit (rate ratio = 0.16; 95% Cl,
0.09 to 0.31). A total of 3 attacks required IV hemin administration at home for patients in the
givosiran group, and 32 attacks required IV hemin administration at home for patients in the
placebo group (rate ratio was not assessed due to n < 10 in the givosiran group).

HRQoL was evaluated using the SF-12, the EuroQol 5-Dimensions 5-Levels questionnaire (EQ-
5D-5L), and the Patient Global Impression of Change (PGIC). Each of these HRQoL outcomes
is widely used in clinical trials; however, evidence of validity, reliability, and responsiveness,

or a minimally important difference (MID) in patients with AHP, were not identified. All of the
HRQoL outcomes were reported as exploratory except for the PCS of the SF-12, which was

a secondary outcome in Study 003. At month 6, the least squares (LS) mean change from
baseline in the PCS score was 5.37 (standard error of the mean [SEM] = 1.17) for the givosiran
treatment group and 1.43 (SEM = 1.22) for the placebo treatment group. The between-groups
difference in the LS mean PCS score for givosiran compared to placebo was 3.94 (95%
Cl,0.59 to 7.29; P = 0.0216). Due to a failure higher in the statistical testing hierarchy, the
reported P value cannot be interpreted as statistically significant. The results of the change
from baseline in the domains scores for the SF-12 suggest that the PCS score was driven by
the bodily pain (BP) and role physical (RP) domains. The Mental Component Summary (MCS)
score of the SF-12 was reported descriptively. At month 6, the mean changes from baseline
in MCS score were 3.55 (standard deviation [SD] = 10.08) and 1.30 (SD = 8.54) for patients
receiving givosiran and placebo, respectively. For the EQ-5D-5L index, the LS mean changes
from baseline at month 6 were IEG_—_G—__ cnd N W for the givosiran and
placebo treatment groups, respectively. For the EQ-5D-5L Visual Analogue Scale (VAS), the

LS mean change from baseline at month 6 was IIG—_-—_G_G—_G____cnd M o the
givosiran and placebo treatment groups, respectively. At month 6, the percentages of patients
who reported that their status had improved from the start of the study through the PGIC
were 88.9% and 37.1% for those in the givosiran and placebo treatment groups, respectively.
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In terms of management of symptoms related to porphyria, the change in self-reported
assessments of pain, fatigue, and nausea based on a numeric rating scale (NRS) were
reported in Study 003. Post hoc non-parametric tests were used to evaluate daily worst pain
following demonstration of a deviation from normality and failed statistical test using the
analysis of covariance (ANCOVA) model. The medians of the area under the curve (AUC) for
the change from baseline in the weekly mean score for daily worst pain over the 6-month
treatment period were —11.5 (interquartile range [IQR] = =29.2 t0 3.0) and 5.3 (IQR = -23.1 to
11.2) for the givosiran and placebo treatment groups, respectively. This indicated a decrease
in the rating of daily worst pain for patients receiving givosiran and an increase for those
receiving placebo. The treatment-group difference for rating of daily worst pain was —10.1
(95% Cl, —=22.8 10 0.9; P = 0.0455) for givosiran compared to placebo. At month 6, the changes
from baseline in daily worst fatigue and daily worst nausea were also evaluated; a difference
between treatment groups was not observed.

In Study 003, hemin was permitted only as a rescue medication for the treatment of acute
porphyria attacks and was reported as days of hemin use. In patients with AIP, 54% of those
in the givosiran treatment group and 23% of those in the placebo treatment group reported 0
days of hemin use over the 6-month treatment period. When compared to placebo, treatment
with givosiran corresponded to a 77% rate reduction in days of hemin use based on a rate
ratio of 0.23 (95% ClI, 0.11 to 0.45; P < 0.001). Reported hemin use is consistent with the
reduction in AAR reported for the primary outcome. The results for urinary levels of ALA and
PBG were also consistent with the primary outcome. At month 6, urinary levels of ALA and
PBG were lower among patients receiving givosiran than among those receiving placebo.
This corresponded to a between-group difference of —19.14 mmol/mol creatinine (Cr) (95%
Cl, =26.04 to —=12.24; P < 0.007) for ALA levels and —36.20 mmol/mol Cr (95% Cl, — 49.71

to — 22.70; P < 0.007) for urinary PBG levels, both in favour of givosiran.

Opioid use, the PPEQ, and days of missed work or school were also reported as exploratory
efficacy outcomes in Study 003. Reduced complications of AHP, hospitalization and health
care use, and mortality were included in the systematic review protocol, but were not
reported in the pivotal trial. However, attacks requiring hospitalization and health care use
were incorporated in the composite definition of acute porphyria attacks, and mortality was
reported as a safety outcome.

The primary and key secondary outcomes — AAR and change in urinary ALA levels — were
analyzed by subgroups. The only subgroup analysis of interest to this review was by high
or low historical AAR. The subgroup analyses were consistent with the results in the overall
population. Additionally, a number of sensitivity analyses were conducted to account for
variation in the primary end point based on reporting of porphyria attacks, which were all
consistent with the primary analysis.

Harms Results

A summary of key safety results is provided in Table 2. In Study 003, 85% of patients with

AIP experienced at least 1 adverse event (AE), with nausea, injection-site reaction, chronic
kidney disease, fatigue, increase in alanine transaminase (ALT), and decrease in glomerular
filtration rate more commonly reported among patients who received givosiran. Serious
adverse events (SAEs) were reported more frequently among patients in the givosiran group
(17%) than in patients in the placebo group (9%). Specific SAEs were infrequent, with the only
SAEs reported by more than 1 person being chronic kidney disease (2 patients in the givosiran
treatment group, 0 of those receiving placebo) and device-related infection (2 patients in
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the placebo treatment group, 1 of those receiving givosiran). A single patient randomized
to receive givosiran withdrew from treatment due to an AE. The patient i discontinued
treatment due to ALT elevation. No deaths were reported during the 6-month DB period

of Study 003.

Motor neuropathy, hepatocellular carcinoma, injection-site reactions, transaminase elevation,
and progression of renal impairment were included in the CADTH systematic review protocol
as notable harms. As previously described, injection-site reactions and transaminase
elevation were more common among patients receiving givosiran. Nerve compression and
peripheral neuropathy were reported for motor neuropathy and were more common in the
placebo group. There were no cases of hepatocellular carcinoma reported during the 6-month
treatment period; however, 6 months may have not been a sufficient amount of time to
observe this safety outcome.

Critical Appraisal

One of the key limitations of the internal validity of the study was the use of a composite
outcome for the primary end point, which was the AAR based on attacks requiring
hospitalization, urgent health care visit, or IV hemin administration at home. A specific

MID was not identified for the AAR, although the clinical experts indicated that in general,

a reduction in attacks is clinically meaningful. The frequency of attacks was reported
descriptively for each of the individual components, which highlighted some variability in the
treatment benefit associated with givosiran compared to the composite outcome. Variation
in clinical practice and potential for unblinding or deduction of treatment allocation may have
also biased treatment, which would affect the results of the individual components. As a
result, there is notable uncertainty regarding the ability to interpret the individual components
of the composite end point; however, the estimates of effect for each of the components were
in the same direction and were not expected to have affected the overall composite outcome.
A number of secondary outcomes were included and controlled for multiplicity using a
statistical testing hierarchy; however, a failed statistical test for the change from baseline in
daily worst pain rendered all subsequent secondary outcomes unadjusted for multiple testing.
This included the evaluation of nausea, fatigue, and HRQoL through the PCS of the SF-12,
which were all outcomes that were clinically relevant and important to patients. Further, all
other HRQoL outcomes were exploratory and without an identified disease-specific MID,
which hindered the interpretability of the results. Regarding the generalizability of the pivotal
trial results, 95% of the study population were patients with AIP (1 of the 4 types of AHP);
however, according to the clinical experts, there is no biological a priori to expect that the
observed results would not be generalizable to different AHP types. According to the sponsor,
“the study was enriched for attack frequency to ensure the ability to measure a difference in
treatment effect on the primary composite porphyria attack end point.” The higher historical
frequency of attacks at baseline for patients included Study 003; the inclusion criterion of at
least 2 attacks in the past 6 months at baseline may limit the generalizability of the results to
patients with less frequent attacks. These patients represent most of the patients in clinical
practice, according to the clinical experts consulted for this review.

Indirect Comparisons
Indirect treatment evidence for givosiran was not identified in this review.
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Table 2: Summary of Key Results From Pivotal and Protocol-Selected Studies

AIP A

4

Annualized rate of porphyria attack?

CADTH

Total number of attacks

83

284

0

297

Mean AAR (95% CI)

3.22 (2.25 10 4.59)

12.52 (9.35 t0 16.76)

3.35(2.37 to 4.74)

12.26 (9.22 t0 16.29)

Rate ratio (95% Cl), givosiran vs. placebo

0.26 (0.16 t0 0.41)

0.27 (0.17 to 0.43)

P value < 0.001 <0.001
PCS of SF-12°

zl:ar?ybs?; of patients contributing to the 45 42 47 45
Baseline, mean (SD) 39.43 (9.61) 38.42 (9.45) 39.47 (9.83) 38.10 (9.82)
Change from baseline, mean (SEM) 5.37(1.17) 1.43 (1.22) 5.15(1.16) 1.46 (1.19)
Tre?tment-group difference vs. control 3.94 (0.59 to 7.29) 3.69 (0.41 10 6.96)
(95% CI)
P value 0.0216f 0.0280f

BPI-SF: Pain numerical rating score, daily worst pain score®
n 46 43 48 46
Baseline weekly mean score, mean (SD) 2.93 (2.34) 3.64 (2.23) 2.97 (2.30) 3.74 (2.23)

AUC of change from baseline in weekly mean sco

re

Median (IQR)

-11.51 (-29.18 to 3.04)

5.29 (-23.05 to 11.15)

~7.80 (-28.329 to 3.583)

2.31(-19.505 to 10.512)

Median of treatment difference (95% Cl),
givosiran — placebo

-10.07 (-22.83 t0 0.94)

-9.39 (-21.02 to 1.22)

P value

0.0455f

0.0613f
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Patients with AIP (mFAS) Patients with AHP (FAS)

Givosiran Placebo Givosiran Placebo
Result N =46 N =43 N =48 N =46

Annualized days of hemin use?

Total number of days of hemin use 195 583 227 587
Patients with 0 days of hemin use, n (%) 25 (54.3) 10 (23.3) 26 (54.2) 12 (26.1)
z:;*a" annualized days of hemin use (95% 6.8 (4.21010.9) 29.7 (18.4 t0 47.9) 7.4 (4.510 12.0) 28.4 (17.4 10 46.2)
Rate ratio of annualized days of hemin use
(95% Q). givosiran ve, placebo 0.23 (0.11 to 0.45) 0.26 (0.13 to 0.52)
P value <0.001 0.0002f

Urinary ALA levels (mmol/mol Cr)¢
n 46 43 48 46
Baseline, mean (SD) 19.97 (16.80) 17.52 (10.89) 19.65 (16.61) 17.27 (10.80)
Month 3
LS mean (SEM), change from baseline at 1.76 (1.41) 19.97 (1.48) 1.72 (1.38) 19.36 (1.41)
month 3
Difference in LS mean (95% Cl), givosiran -18.21 (-22.26 to ~14.16) -17.64 (-21.55 t0 ~13.73)
- placebo
P value <0.001 <0.001°
Month 6
LS mean (SEM), change from baseline at 4.01 (2.35) 23.15 (2.53) 3.93 (2.27) 22.28 (2.39)
month 6
Difference in LS mean (95% CI), givosiran -19.14 (-26.04 to ~12.24) -18.35 (-24.92 to -11.78)
- placebo
P value <0.001 <0.001°
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Result

Patients with AIP (mFAS)

CADTH

Patients with AHP (FAS)

Givosiran Placebo Givosiran
N =46 N =43 N =48

Urinary PBG levels (mmol/mol Cr)®

Placebo
N =46

n 46 43 48 46
Baseline, mean (SD) 50.36 (34.33) 46.80 (24.32) 49.00 (34.417) 45.39 (24.52)
Month 6

;Soma; (SEM), change from baseline at 12.91 (4.64) 49.11 (4.96) 12.45 (4.50) 47.70 (4.69)

Difference in LS mean (95% Cl), givosiran

- 36.20 (- 49.71 to - 22.70)

~ placebo -35.25(-48.13 to —22.36)
P value < 0.001 < 0.001f
Harms, n (%) (SAS)

AEs 41 (89.1) 35(81.4) 43 (89.6) 37 (80.4)
SAEs 8(17.4) 4(9.3) 10 (20.8) 4(8.7)
WDAEs (from study treatment) 0 0 1(2.1) 0
Deaths 0 0 0 0
Notable harms
Motor neuropathy? 0 3(7.0) 0 3(6.5)
Hepatocellular carcinoma 0 0 0 0
Injection-site reactions 8(17.4) 0 8(16.7) 0
Transaminase elevation

ALT increased 4(8.7) 1(2.3) 4(8.3) 1(2.2)

AST increased 3(6.5) 1(2.3) 3(6.3) 1(2.2)
Progression of renal impairment" 4(8.7) 0 5(10.4) 0

AAR = annualized attack rate; AE = adverse event; AHP = acute hepatic porphyria; AIP = acute intermittent porphyria; ALA = aminolevulinic acid; ALT = alanine transaminase; AST = aspartate transaminase; AUC = area under the
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curve; BPI-SF = Short Form Brief Pain Inventory; Cl = confidence interval; CKD = chronic kidney disease; Cr = creatinine; FAS = full analysis set; IQR = interquartile range; LS = least squares; mFAS = modified full analysis set; MMRM
= mixed-effects model for repeated measures; PBG = porphobilinogen; PCS = Physical Component Score; SAE = serious adverse event; SAS = safety analysis set; SD = standard deviation; SEM = standard error of the mean; SF-12
= 12-item Short Form Health Survey; vs. = versus ; WDAE = withdrawal due to adverse event.

aThe rates, rate ratio, corresponding 95% Cl, and P value for comparing givosiran 2.5 mg/kg vs. placebo were derived using the negative binomial regression model with treatment-group and stratification factors (prior hemin
prophylaxis status and historical attack rates) as fixed effects and the logarithm of the follow-up time as an offset variable. The negative binomial regression analysis was not performed when fewer than 10 patients in a treatment
group reported an attack.

The LS means, treatment differences in LS means, their corresponding SEMs, 95% Cls, and P values for comparing 2.5 mg/kg givosiran vs. placebo were derived using the MMRM model with the corresponding value at baseline
as a continuous fixed covariate, stratification factors (prior hemin prophylaxis status and historical attack rates), visit, treatment, and treatment-by-visit interaction as fixed effects, and patient as a random effect.

°Estimated using the Hodges-Lehmann method. The P value was estimated from a stratified Wilcoxon test with stratification factors, prior hemin prophylaxis status, and historical attack rates. Note that normality was assessed
using a Q-Q plot and the Shapiro-Wilk test, which indicated that the data had a significant deviation from a normal distribution. Therefore, a non-parametric analysis was conducted (i.e., a stratified Wilcoxon test).

dAnalyzed using the negative binomial regression model with treatment group and stratification factors (prior hemin prophylaxis status and historical attack rates) as fixed effects and the logarithm of the follow-up time as an
offset variable.

cAnalyzed using an MMRM model with the corresponding value at baseline as a continuous fixed covariate, stratification factors (prior hemin prophylaxis status and historical attack rates), visit, treatment, and treatment-by-visit
interaction as fixed effects, and patient as a random effect.

fP value has not been adjusted for multiple testing or was calculated following a statistical testing failure earlier in the hierarchy, and should be interpreted as nominal.

9Nerve compression and peripheral neuropathy were included under this notable harm. For patients with AIP or AHP, 0 patients in the givosiran treatment group and 3 patients in the placebo treatment group (1 with nerve
compression, 2 with peripheral neuropathy) reported motor neuropathy.

"Progression of renal impairment was not specifically reported; the AE in this category corresponds to CKD, reported as an AE.

Source: Clinical Study Report.®
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Other Relevant Evidence
Study 001 and Study 002
Description of Studies

Study 001 was a 3-part, multi-centre, placebo-controlled, phase | study of the safety and
tolerability of subcutaneous givosiran for the treatment of adults with AIP. Parts A, B, and C
were single-ascending dose, multiple-ascending dose, and multidose in design, respectively.
The adaptive design allowed for different dosing regimens and dose levels to be assessed
based on new safety, tolerability, and pharmacodynamic (PD) data. In total, 40 patients with
AIP who are chronic high excreters (CHEs) were randomized to parts A and B (n = 23), while
those with AIP who had recurrent attacks were randomized to part C (n = 17). Data were
summarized for patients who received givosiran 2.5 mg/kg (part A, n = 3; part C,n = 3).
Patients in the 2.5 mg/kg cohort of part C had a mean of 14.7 attacks (SD = 18.9 attacks) in
the 12 months before the study, and one-third of patients were on prophylactic hemin.

Study 002 (N = 16) is a multi-centre, open-label, phase I/l study of the long-term safety

and tolerability of subcutaneous givosiran for treatment of adults with AIP who completed
part C of Study 0071. The results of an interim analysis of Study 002 were summarized for
this review. Patients received givosiran 2.5 mg/kg monthly or 5.0 mg/kg monthly or every

3 months until the safety review committee assessed safety, tolerability, and efficacy data,
and agreed that all patients would be transitioned to receive a 2.5 mg/kg dose. Treatment
duration is estimated to be up to 36 months; the estimated total time in study with screening
and baseline will be up to 44 months. Nearly all patients (93.8%) in Study 002 had at least 1
porphyria attack in the 12 months preceding the study, with a mean of 13.0 porphyria attacks
(SD = 13.1 attacks) attacks during that time period. All patients had used hemin during an
acute attack, and half had used it prophylactically.

Efficacy Results

In Study 001, patients had fewer attacks during the treatment and follow-up phase compared
to the run-in of part C for all attacks, attacks requiring hospitalization, and attacks requiring
urgent health care visits. The cohort receiving givosiran 2.5 mg/kg monthly had a mean AAR
of 2.9 (SEM = 1.91) for composite attacks and a mean annualized rate of hemin use of 2.9
days (SEM = 1.44 days) during the treatment and follow-up period. The placebo group had a
mean AAR of 16.7 (SEM = 4.97) for composite attacks and mean annualized rate of hemin
use of 23.4 days (SEM = 9.9 days) during the treatment and follow-up period.

In Study 002, patients had fewer composite attacks during the treatment period compared to
the run-in (n = 9 and n = 72, respectively) and fewer attacks requiring hospitalization, urgent
health care visits, and treatment with hemin at home. The mean composite AARs were 17.0
(SEM = 3.5) and 1.2 (SEM = 0.4) for the run-in period of Study 001, part C and the treatment
period, respectively. The mean rate for annualized hemin use was 33.1 days (SEM = 7.0 days)
during the run-in period compared to 1.1 days (SEM = 0.6 days) during the treatment period
of Study 002.

HRQol was also assessed using the EQ-5D-5L in Study 001 and Study 002.

Harms Results

Most patients (66.7%) in part A of Study 001 and 100% of patients in both part C of Study
007 and in Study 002 experienced at least T AE. In part C, the most frequently reported AEs
were abdominal pain, abdominal distension, nausea, and injection-site reaction. In Study 002,
the most commonly reported AEs were abdominal pain, fatigue, nausea, and injection-site
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reaction. SAEs were reported in 100% of patients who received givosiran 2.5 mg/kg in part

C of Study 001 and in 25% of those in Study 002. SAEs included functional gastrointestinal
disorder, pyrexia, anaphylactic reaction, Clostridium difficile colitis, sinusitis bacterial infection,
mental status changes, dyspnea, and deep vein thrombosis. There was 1 withdrawal due to
adverse event (WDAE) in Study 002, and no deaths reported in the cohorts of interest.

Critical Appraisal

A key limitation of Study 001 was the single-blind, adaptive study design. Study 002 was
limited by an open-label study design that selected for patients who were able to tolerate and
adhere to treatment, which may bias the results in favour of givosiran. Both studies had small
sample sizes; only a couple of patients were randomized to receive givosiran 2.5 mg/kg, the
intended commercial dose, for a short duration of time.

Study 003 Open-Label Extension
Description of Studies

The 6-month, DB, placebo-controlled Study 003 was followed by an ongoing, open-label
extension (OLE) period (Study 003 OLE). The OLE is expected to continue for 29 months’
and was designed to evaluate the long-term efficacy and safety of givosiran for treatment of
adults with AIP. Patients who completed the DB portion of Study 003 (N = 94) were eligible
to participate in the OLE phase. The baseline characteristics of the patients included in

the OLE were similar to those reported for the DB treatment period, with a slightly higher
mean historical AAR of 11.6 (SD = 9.0); prior prophylactic hemin use was reported by 44.2%
of patients. Initially, patients received either 1.25 mg/kg or 2.5 mg/kg givosiran, but with
protocol amendment 5 (after the cut-off date for the interim report), all patients received the
latter dose.

Efficacy Results

After 18 months, the median follow-up, the mean number of attacks during givosiran
treatment was 3.4 (SEM = 0.7), and appeared to be stable over time following treatment with
givosiran. Mean (SEM) AARs for attacks requiring hospitalization, urgent health care visit,
treatment with IV hemin at home, and treatment without IV hemin at home were EGG_—_—_—_-
N I respectively. The mean (SEM) number of days of hemin use was
I Urinary levels of ALA decreased from baseline by a mean (SD) of i mmol/mol
and W nmol/mol at month 12 and month 18, respectively. Urinary levels of PBG also
decreased by an average (SD) i mmol/mol and M Mmol/mol for the same
time points from baseline. Patient-reported outcomes — including the SF-12, EQ-5D-5L, PGIC,
and PPEQ, as well as daily worst symptom scores — were also reported during the OLE and
were consistent with the results described in the DB treatment period.

Harms Results

Nearly all patients (94.8%) experienced at least 1 AE, with 32.5% reporting nausea, 27.3%
injection-site reaction, 22.1% fatigue, 22.1% nasopharyngitis, and 19.5% headache. SAEs
occurred in 24.7% of patients, with chronic kidney disease, device breakage, and urinary tract
infection being reported by 2.6% of patients for each SAE. There was 1T WDAE. No deaths
were reported.

Critical Appraisal

The OLE was subject to most of the limitations associated with the DB treatment period.
Additional limitations of the extension period of Study 003 include the lack of a randomized
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comparison group and the open-label design, which may have influenced patients’ and
clinicians’ perception of improvement (which, in turn, may be reflected in the patient-reported
and safety outcomes). It is also worth noting that there was a dose change for those who
initially enrolled under protocol amendment 3 and received givosiran 1.25 mg/kg. At month
13, patients who had inadequate disease control were able to increase their dose to 2.5 mg/
kg from 1.25 mg/kg, and with protocol amendment 5, all patients were to receive givosiran 2.5
mg/kg (the intended commercial dose).

Study 005

Study 005 is an international program that will provide expanded access to givosiran to
patients 12 years and older with AHP® It is ongoing. No additional information was available
for this review.

Conclusions

One DB, placebo-controlled, phase Ill randomized controlled trial (RCT), Study 003, evaluated
the efficacy and safety of givosiran compared to placebo. Included patients had a diagnosis
of AHP and had experienced at least 2 porphyria attacks in the 6 months before screening.
Over the 6-month treatment period, a 74% reduction in the rate of acute porphyria attacks
was demonstrated with givosiran compared to placebo in patients with AIP based on a rate
ratio of 0.26 (95% Cl, 0.16 to 0.41; P < 0.001). Similar results were reported in all patients with
AHP The primary outcome of porphyria attacks was a composite outcome that included
attacks requiring hospitalization, urgent health care visit, or IV hemin administration at home.
This outcome did not have a defined minimum clinically important difference. However, the
clinical experts identified that in general, a reduction in acute attacks was clinically relevant.
A treatment difference in favour of givosiran was also reported for a reduction in annualized
days of hemin use and change from baseline in urinary ALA and PBG levels. This difference
supports the beneficial direction of the primary outcome. Management of pain was an
outcome important to patients, but the results did not demonstrate a clinically meaningful
difference in daily worst pain scores. Reported HRQoL outcomes were also important to
patients but were subject to limitations that hindered the interpretability of the results.

With regards to the safety assessment, the majority of patients in the trial experienced at
least 1 AE, with nausea, injection-site reaction, chronic kidney disease, fatigue, increase in
ALT, and decrease in glomerular filtration rate more commonly reported among patients

who received givosiran. Reported SAEs and treatment discontinuations due to AEs were
infrequent, and no deaths were reported. Although the DB treatment period was limited to

6 months on treatment, evidence from the OLE of Study 003 demonstrated maintenance of
treatment effect for up to 18 months and did not detect any new safety concerns. Gaps in the
evidence of the efficacy and safety of givosiran were identified in patients with concomitant
prophylactic hemin use and in long-term safety and efficacy data beyond 18 months

of treatment.

Introduction

Disease Background

The porphyrias are a group of metabolic disorders caused by altered activities of enzymes
within the heme biosynthetic pathway. Altered enzyme activity is usually due to an inherited
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mutation in the gene for that enzyme. Porphyrias are classified as hepatic or erythropoietic
based on whether pathway intermediates first accumulate in the liver or in the bone marrow,
respectively.® The types of AHP include AIP, ADP, HCP, and VP. Each is characterized by a
specific genetic mutation involved in the synthesis of heme in the liver; however, the types are
clinically indistinguishable.!

In the liver, ALAST is the first, as well as a rate-limiting, enzyme in the heme biosynthetic
pathway."® Upregulation of hepatic ALAST is an important feature during exacerbations of
AHPs because it leads to an increase of intermediates in the heme biosynthetic pathway,
such as ALA and PBG.3' In patients with AHP, the altered enzymatic activity within this
pathway results in an excessive accumulation of the intermediate porphyrin precursors

(ALA and PBG), which are neurotoxins that can precipitate an acute attack.”® AHP can be
exacerbated through induction of the ALAST gene by drugs and other factors, such as stress,
fasting, alcohol use, smoking, and hormones. Induction of hepatic heme oxygenase, which
degrades heme, can also lead to induction of ALAS1.7° During an acute attack, patients report
a significant increase in pain that can gradually build over hours and last for a number of
days.® Some patients report pain in the chest, back, or extremities; however, severe abdominal
pain is more typical. Long-term complications with recurrent acute attacks may include
chronic pain, chronic kidney failure, and liver damage.

Overall, these porphyrias cause acute and chronic symptoms due to effects on the nervous
system, with the most common being neuropathic abdominal pain.® The motor, sensory,

and autonomic nervous systems are often affected, resulting in autonomic changes (e.g.,
tachycardia, hypertension), muscle weakness, sensory loss, and pain in the back, chest,

and extremities. Linenberger and Fertrin (2020) refer to severe abdominal pain, peripheral
neuropathy, and central or autonomic nervous system manifestations as the “classic triad,”!
but even these severe symptoms may be discounted because they mimic other diseases, and
physical findings are often minimal.®

AIP is the most common AHP prototype, although the symptoms are common to all AHPs.
HCP and VP may also present with blistering skin lesions. AIP, HCP, and VP are autosomal
dominant, inherited disorders with low penetrance and female predominance. One review
notes that at least 90% or more of heterozygotes for disease-causing mutations remain
asymptomatic for life." ADP is autosomal recessive and extremely rare, usually with an

onset of attacks in the early teenage years, and all cases exhibit elevated erythrocyte zinc
protoporphyrin. Very rare cases of homozygous AIP, HCP, and VP have a completely different
phenotype from the other AHPs.® AIP occurs in all races, but may be most common in
northern Europeans; males and females are equally likely to inherit a PBGD gene mutation, but
AIP is more likely to manifest in women than men; AIP affects adults and typically presents in
a patient’s thirties or forties'® (although the clinical expert said twenties or thirties).

In the absence of information about prevalence and incidence of AHP that is specific to
Canadians, the sponsor reported an estimate of the prevalence of AHP in Canada based on
European data from Elder et al. (2013)." The estimated prevalence of AHP in the Canadian
provinces (excluding Quebec) was M per million population? however, it was noted by

both the sponsor and the clinical experts consulted for this review that patients with AHP
are underdiagnosed due to a lack of available treatment options and poor awareness

of the disease. Of note, endemic populations have been described in British Columbia,
Manitoba, and Nova Scotia. The combined prevalence of these disorders is estimated to be
approximately 5 per 100,000, with instances of higher prevalence due to founder effects.
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Diagnosis

Patients with AHP exhibit nonspecific and variable symptoms, which may result in them being
seen by a number of specialists before receiving a diagnosis. The challenge in diagnosing
patients with AHP is arriving at the point where one suspects the disease. The clinical experts
consulted for this review stated that ultimately, expert clinician judgment in the context of
laboratory and clinical reviews is the best way to identify AHP in patients. The clinical experts
also noted that once AHP is suspected, confirming a diagnosis is relatively straightforward.

A diagnosis is made based on serum, urinary, and fecal biochemical tests, which includes
testing for elevated levels of PBG, ALA, and other porphyrins.® Urinary ALA, PBG, and porphyrin
excretion is notably increased during porphyria attacks; therefore, it is recommended

that a patient presenting with acute symptoms without a history of acute porphyria have
urinary PBG tested as soon as possible.’” The caveat is that the biochemical tests are rarely
performed in-house, and obtaining results may take time. False-negative biochemical tests
are also common; thus, genetic studies with symptoms in keeping with AHP and documented
responsiveness to first-line therapy are sufficient to support the diagnosis, as noted by

the clinical experts. Genetic studies may also be conducted. These are not required, but

are often done.

Further testing is required to distinguish AIP, HCP, VP, and ADP. Substantial elevation of
plasma or urinary PBG and ALA during an attack is common to AIP, HCP, and VP, but elevated
levels of PBG are not observed with ADP.™

Standards of Therapy

According to the clinical experts consulted for this review, the goals of treatment for

Canadian patients living with AHP are to reduce the frequency of acute porphyria attacks

and hospitalizations and improve HRQoL and work-life productivity. Currently, there are no
specific Canadian clinical practice guidelines for the treatment AHP; therefore, expert opinion
is primarily used to guide treatment, as per feedback from the clinical experts consulted for
this review. Of note, the clinical experts reported that currently in Canada, there is a lack of
sufficient specialists with extensive experience in managing patients with AHP. As such, some
patients may lack access to optimal management.

Treatment for AHP is targeted mainly at preventing acute attacks. The BIPNET recommends
that recurrent acute attacks be managed through general measures and avoidance of
precipitating factors, through treatment with GnRH analogues and prophylactic heme
arginate, and/or through liver transplantation.* Patient education about avoidance of
triggering factors is recommended for the prevention of acute attacks. Triggers can include
certain medications, smoking, alcohol, illicit drugs, and periods of fasting or low carbohydrate
intake.“™ The clinical experts consulted for this review indicated that avoiding triggers
enables patients to mitigate or self-manage porphyria attacks, and is sufficient for many
patients. Changes in the level of progesterone during the menstrual cycle are 1 of the biggest
contributors to an acute attack; therefore, the use of GnRH analogues to suppress the
menstrual cycle can be an option for treatment in some patients, along with expert guidance.
Side effects are significant with hormone therapy and may include depression, hot flushes,
reduced libido, osteoporosis, and other menopausal symptoms. The BIPNET recommends
that patients using hormone therapy be reviewed often and receive regular gynecological and
annual bone-density exams.* The clinical experts consulted for this review reported that long-
term use of hormone therapy is typically not an option due to the severity of the side effects.
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In Canada, hemin for injection is indicated for the amelioration of recurrent episodes of AIP
temporally related to the menstrual cycle in susceptible women after initial carbohydrate
therapy is known or suspected to be inadequate. Limitations of use include consideration of
an appropriate period of carbohydrate loading (i.e., 400 g of glucose per day for 1 to 2 days)
before use.’ Despite the narrow indication for the treatment of acute attacks, hemin is often
considered for prophylactic use outside of the indication in patients who exhibit recurrent
attacks with the preventive measures described earlier. The clinical experts consulted for
this review indicated that most patients do not require treatment between attacks, but that

a small number who have recurrent attacks will require prophylactic hemin weekly. Hemin is
also associated with complications resulting from the requirement for venous access, iron
overload, and difficulty withdrawing from treatment.* For patients who are unresponsive to
treatments for recurrent attacks, are frequently hospitalized, and exhibit diminishing HRQoL,
a liver transplant may be considered, and is highly effective in many cases without advanced
motor neuropathy.’®

Despite the preventive measures described, acute porphyria attacks can still occur. Typically,
mild attacks may be managed at home with increased carbohydrate intake and analgesic
medication, but moderate to severe attacks require hospitalization so that IV hemin can
be administered. According to the clinical experts, IV glucose can be used if hemin is not
available, but it is not as effective. Additionally, patients in hospital are treated medically
for symptoms (pain, nausea, and vomiting) and are closely observed, with their salt and
water balance monitored. The prognosis is usually good if the disease is recognized

and if treatment and preventive measures are started before severe nerve damage has
occurred.”™ Hemin is the most effective treatment for acute attacks. As described earlier, it
is administered intravenously. Intravenous glucose is usually given as a 10% solution while
hemin is being prepared, but should not delay the administration of hemin.

Drug

Givosiran is a double-stranded, small, interfering RNA that causes the degradation of ALAS1
mMRNA in hepatocytes through RNA interference, reducing elevated levels of liver ALAST
MRNA. This leads to reduced circulating levels of neurotoxic intermediates ALA and PBG, 2
factors associated with attacks and other disease manifestations of AHP®

In Canada, givosiran is indicated for the treatment of AHP in adults.® It is available as a
solution for subcutaneous injection (189 mg givosiran/mL) and does not require additional
reconstitution or dilution before administration. The recommended dose is 2.5 mg/kg once
monthly, based on body weight.

Givosiran underwent an expedited review at Health Canada and has been requested for
reimbursement as per the approved Health Canada indication.

Stakeholder Perspectives

Patient Group Input
This section was prepared by CADTH staff based on the input provided by patient groups.
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About the Patient Group and Information Gathered
CADTH received 2 patient group submissions for this review: 1 from CAP and 1 from APF.

CAP is a national, voluntary charity whose mission is to deliver evidence-based information
and support to patients with porphyria, their families, health care providers, and the general
public. The group also aims to achieve standards and evidence-based comprehensive care for
all people with porphyria throughout their lifespans.

APF is dedicated to improving the health and well-being of individuals and families affected
by porphyrias. The group provides programs to raise awareness and educate health care
professionals and the general public in 76 countries around the world. APF also helps to
establish support groups and mentorship of the next generation of experts and supports
porphyria research. Of its international members, more than 300 are located in Canada. More
information about APF can be found at http://www.porphyriafoundation.org/.

CAP created and distributed a survey to its members via email and social media platforms
for a 2-week period in February 2021. The survey was available in English and French and
was restricted to Canadian patients and caregivers who had experience with AHP. In total,
22 patients and 4 caregivers responded with diagnoses of AIP (n = 20), HCP (n = 3), and

VP (n = 3). Of the patients represented in the survey, 23 were female and 3 were male;
respondents were from Alberta (n = 10), British Columbia (n = 7), Ontario (n = 6), Manitoba (n
=2), and Quebec (n = 1). CAP also requested support from the British Porphyria Association,
which shared interviews from 3 individuals who had received givosiran. While preparing

this submission, CAP discussed and reviewed it with members of the Canadian Hemophilia
Society and Network of Rare Blood Disorder Organizations.

APF used its social media platforms and online newsletters to connect with Canadian
patients about their experiences with porphyria and collected responses by telephone and
email. Some of the responses in the APF submission were collected during an Alnylam
Patient Advisory Board meeting. Twelve individual patient submissions were collected from
Canadians in Ontario (n = 6), British Columbia (n = 2), Quebec (n = 2), Manitoba (n = 1), and
Nova Scotia (n = 1).

Disease Experience

Respondents in both submissions reported experiencing the following symptoms, among
others: pain, fatigue, nausea, weakness, paralysis, neuropathy, seizures, anxiety, and
depression. More than 80% of patients who responded to the CAP survey had experienced
symptoms at least once a month, with many reporting that these symptoms occurred more
than 20 days per month. The group also reported that 86% of respondents had at least 1
attack in the past year and 36% had at least 10. Furthermore, 55% of patients had gone to
the emergency room at least once in the past year due to an attack, while 18% had gone

at least 10 times. One of the most frequently reported symptoms is pain. An APF survey
respondent stated:

| have to have a lot of pain meds. My desire is to free from them but | cannot be free
from pain meds without being free of attacks. The pain is too much for a person to
endure. A doctor with AIP said that it was not compatible with life to have attacks with no
pain treatment.
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Porphyria attacks can also prevent patients and caregivers from being able to work, lead

to poorer quality of life, and negatively affect relationships. For instance, 59% of CAP
respondents stated that it had affected their career and financial well-being. Respondents
said, “It has destroyed and robbed me of my education, livelihood, finances and health” and “I
usually have to make arrangements at work on a short notice when my wife is in attack and
have to take her to the hospital and have to work from hospitals many times.”

A respondent who is both a patient and caregiver described their experience as follows:

Because of AIP, | had to give up my career as a Registered Nurse. The symptoms, including
the anxiety, was so severe and debilitating that | could not longer function well in daily life.
..now | am the caretaker advocate for my brother. He has been on disability for 15 years
and is worsening. Two lives are unable to be productive because of porphyria.

Both groups emphasized the negative effect that porphyria had on their daily lives and
mental health. In the CAP survey, 64% reported that the disease had significantly affected
their mental health, while 82% said they experienced anxiety or depression monthly. Patients
described their situations:

+ “There is a lot of grieving, loss of work, social losses and having to accept the illness.”

- “The psychiatric symptoms are debilitating. Attacks start with a distinct foggy head
difficulty processing thought, inability to make decisions, memory issues, high anxiety,
restlessness withdrawal, obsessive thoughts paranoia unable to stop mind from racing
causes insomnia.”

Moreover, 94% of patients and 100% of caregivers from the CAP group felt that AHP had
affected their overall well-being, while significant impacts on family life and social life were
noted by 50% and 41% of respondents, respectively. The patient input submissions described
how experiencing symptoms and trying to avoid triggers could strain social relationships and
make it difficult to care for families. Respondents were also concerned about the possibility
of passing the condition on to their children. The APF submission stated: “Porphyrias are
known as the 'little imitator’ as it has a host of generic symptoms making it hard to identify,
particularly because it cannot be diagnosed without porphyria specific tests. It will not show
on normal tests."

Consequently, patients often face difficulties when trying to obtain a diagnosis or access
treatment for their attacks. One caregiver wished that emergency room doctors were more
aware of the disease:

This could have helped doctors to come to right diagnosis earlier, and to avoid
unnecessary tests and treatments. Especially in AIP, once an episode or attack starts, if the
right medications/treatment are not given soon in the crises (and unsafe medications are
not avoided), the consequences are devastating for the patient.

The caregiver also noted that the patient was initially misdiagnosed and given unnecessary
tests and treatments.

Experiences With Currently Available Treatments

Most patients from the CAP survey have attempted to manage porphyria by avoiding attack
triggers (86%), adopting a high-glucose diet (82%), using hematin (hemin, Panhematin) (27%),
using GnRH analogues (9%), or taking additional medications to treat impacts like pain (50%
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opioid, 41% non-opioid), sleep problems (50%), anxiety (41%), and depression (32%). Although
respondents felt that these treatments could help with symptoms, they noted that the
treatments are not without side effects, such as weight gain, diabetes, iron overload, induced
menopause, and others specific to the additional medications.

Both groups described hematin as being effective at reducing the length and/or severity of
intermittent attacks, but they also acknowledged its drawbacks. For example, it has been
associated with platelet aggregation, and frequent use can cause iron overload and damage
to veins. Furthermore, it is often infused through a peripherally inserted central catheter line or
port, which can become blocked, requiring surgical replacement. Other side effects that were
mentioned include headaches and low-grade fever that resolve within 2 days. One individual
said, “Panhematin saved my life. But as patients, it is much more than just saving our lives...
There is not quality unless attacks are prevented.”

A caregiver described how weekly hemin treatments have helped their wife:

[She is in fact feeling better in terms of gaining her strength doing everyday activities.

It has also reduced the amount of pain killer by 25% got rid of most of the nerve
medications. It has also reduced the number of hospitalizations from 12 a years to 2-3 and
has given her some independence....

This caregiver noted that while there were benefits, they felt as though their wife could be
developing tolerance to the treatment and that the weekly schedule made working and
planning around infusions somewhat challenging.

Patients described facing difficulties when trying to access treatment in hospitals. They
reported that there is a lack of awareness of AIP among health care workers, and that the
recommended treatment is not readily available. The patient groups also noted that delays
and non-optimal treatments can exacerbate attacks and lead to permanent damage.

Improved Outcomes

Ideally, respondents would like a cure for porphyria. However, they believe a realistic goal is a
treatment that prevents attacks and reduces symptoms, particularly pain, nerve damage, and
paralysis. Patients and caregivers would like to see additional options that are more effective,
cause fewer side effects, present an easier mode of administration, can be administered
outside of a hospital, and lead to improvements in quality of life. Other limitations to treatment
access that were identified include the need for travel, the requirement for venous access, and
the lack of access to specialists and proper diagnostic testing. Respondents raised concerns
about financial assistance and insurance coverage, and said they would like health care
providers to have greater knowledge of the condition. They felt strongly that there should be
financial assistance to help alleviate the burden of treatment costs.

A parent stated:

Hematin made a difference in the life of my daughter in that it stopped her attacks after
they began, but it did not stop her attacks from happening. We need a treatment to
stop the attacks from occurring, because attacks are so excruciating and can lead to
paralysis and death.

When asked what would be important to discuss with their physicians about treatment
options, APF survey respondents mentioned available treatments, benefits and drawbacks
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of treatments, safety and efficacy, side effects, patient monitoring, impact on quality of life,
frequency of administration, and treatment cost.

Experience With Drug Under Review

Although none of the CAP survey respondents had received givosiran (Givlaari), with help
from the British Porphyria Association, the group was able to share 3 patients’ experiences.
Two had accessed the drug for 2 years through the ENVISION trial. All 3 patients described
givosiran as “life-changing.” More specifically, the drug had been able to reduce or eliminate
attacks, pain and pain medications, fatigue, nausea, and anxiety. It improved patients’
physical health, appetite, sleep, and concentration. In terms of social and work impacts, the
respondents highlighted greater independence, the ability to attend and contribute more

at school and work and toward family life, and the tendency to be more optimistic about
planning their futures.

Because givosiran is a monthly injection, APF suggested that it is an easier treatment to
receive compared to hemin infusions. The group noted a few side effects, such as injection-
site reactions, allergic reactions, and nausea, while those reported by Alnylam include liver
and kidney problems. APF also noted that patients may be able to access givosiran through
the Alnylam Assist program. Successful treatment can reduce costly hospital admissions
and the burden on patients and families. Respondents who had received the medication felt
that their attacks were treated; they reported both fewer attacks and less severe attacks.
Moreover, despite still experiencing attacks and side effects while receiving the drug,

many wanted to continue with it. APF also stated that patients receiving givosiran may

be prescribed hematin to stop an attack quickly as it is occurring. However, there may be
exceptions to this approach that the patient group was not aware of.

The following quotes illustrate patients’ experiences with givosiran:

+ "My greatest hope was to return to work. That dream is coming true as I'm almost finished
school, a feat | could never have done without Givlaari. It gave me my life back.

- “I was frightened for my life, because | was at the point that | no longer had veins for
Panhematin infusions. Givlaari was my last chance. | was on the Givlaari trials and had
immediate success. Some people say it takes a while to gain effect, but for me, | stopped
having attacks after my first shot of Givlaari. Life changed. | could return to work. | could
return to life”

+ “I was totally debilitated. | suffered terribly and was repeatedly hospitalized. | finally lost my
job as | was unable to go to work. My life was a shambles until | was given Givlaari. Life
has turned around for me. | want other people to have my experience.”

In its submission, APF stated that Alnylam provides free diagnostic DNA testing for many
patients who fit the criteria, and that insurance may also cover testing.

Clinician Input

Input From Clinical Experts Consulted by CADTH

All CADTH review teams include at least 1 clinical specialist with expertise regarding the
diagnosis and management of the condition for which the drug is indicated. Clinical experts
are a critical part of the review team and are involved in all phases of the review process
(e.g., providing guidance on the development of the review protocol; assisting in the critical
appraisal of clinical evidence; interpreting the clinical relevance of the results; and providing
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guidance on the potential place in therapy). In addition, as part of the givosiran review, a panel
of 3 clinical experts from across Canada was convened to characterize unmet therapeutic
needs, assist in identifying and communicating situations where there are gaps in the
evidence that could be addressed through the collection of additional data, promote the early
identification of potential implementation challenges, gain further insight into the clinical
management of patients living with a condition, and explore the potential place in therapy of
the drug (e.g., potential reimbursement conditions). A summary of this panel discussion is
presented in this section.

Unmet Needs

One of the major goals in the management of AHP is to reduce the frequency of AHP attacks.
According to the clinical experts consulted for this review, currently, most patients with
recurrent attacks will continue to have these because there is no indicated treatment for
prevention. The experts noted that while prophylactic hemin can be used to reduce the rate of
AHP attacks (with case reports of improvement), the use of prophylactic hemin is outside of
the Health Canada—approved indication and has not been studied well. The experts described
further issues with prophylactic hemin. These include a serious side effect of iron overload,
some minor but nuanced infusion reactions, and the need for a central venous catheter for
regular prophylactic use. The experts stated that there is a need for treatments that are better
tolerated due to the substantial risk and requirement for central venous access associated
with the current IV treatments. Further, formulations are needed to improve convenience and
compliance because IV access requires hospital-based care. The experts noted that this is
particularly problematic for patients who do not live near large health care centres, which are
often the only centres with access to specialized care. GnRH may also be used to prevent
AHP attacks, but is not approved for prolonged use and is associated with side effects and
loss of bone mineral density (given that it leads to a drug-induced menopause state).

Place in Therapy

The clinical experts described givosiran as the first treatment approved for prevention or
prophylaxis against acute attacks; however, givosiran is not the first treatment that addresses
the underlying disease process, given that hemin also achieves this goal. As described,
while hemin is used as a regular weekly treatment to prevent attacks, this is not an approved
indication, as noted by the clinical experts. The mechanisms of action for givosiran and
hemin are different, but both decrease ALA and PBG, which are the intermediates that cause
AHP attacks and symptoms, as described by the clinical experts. The experts felt that the 2
treatments can complement each other; however, givosiran is used to prevent AHP attacks
rather than to treat acute attacks, as hemin does. The clinical experts also noted that if an
attack occurred despite treatment with givosiran, then hemin could still be used, and its
effectiveness is unlikely to be diminished.

As per feedback from the clinical experts on this review, givosiran would be used in people
who have recurrent attacks; there is no evidence to support its use in asymptomatic
individuals or during acute attacks. Also, the experts stated that givosiran would not be
used as a first-line treatment or to treat the first AHP attack. The clinical experts indicated
that other approaches to treatment should be tried for patients with AHP before givosiran

is recommended. These approaches include avoidance of triggers, such as smoking or
fasting, administration of IV dextrose 10% in water, and/or hemin use; however, the experts
also reiterated the limitations of hemin use described under unmet needs, particularly in the
prevention of attacks. According to the clinical experts, most patients living with AHP will
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either have mild symptoms or 1 attack without frequent recurrence; prevention and avoidance
of triggers is helpful for these cases.

Therefore, the experts expected givosiran to provide an alternative therapy for a small subset
of patients with frequent or recurrent attacks who would otherwise require hospitalization
and hemin administration. They recommended that givosiran be reserved for patients with
recurrent symptoms or flares that consistently affect their HRQoL. Givosiran was also
described by the experts as an appropriate treatment for patients who qualify for hemin
prophylaxis but cannot adhere to treatment due to toxicity or lack of convenience.

Patient Population

The clinical experts described the diagnosis of AHP as relatively straightforward. It is obtained
through biochemical tests for levels of urinary ALA, PBG, and other porphyrins. These tests
were described by the experts as being very specific, but subject to false negatives, which
makes clinician judgment an important factor in the diagnosis. The experts noted that AHP
can be confirmed through genetic testing, but this testing is not required. They noted that

the challenge with identifying patients with AHP is arriving at a suspicion of AHP because of
the variable presentation of disease and symptoms that are not specific to the disease. The
clinical experts also stated that it is highly unlikely that a clinician would incorrectly diagnose
a patient with AHP. The greater concern is underdiagnosis of the disease due to the previously
described challenges associated with identifying patients based on physiological and
pre-analytical variables.

The clinical experts indicated that the group of patients most in need would be those with
frequent or recurrent severe attacks, and that the frequency and severity of attacks are the
most important factors when considering the use of givosiran. They noted that severity is
heavily based on the number of severe attacks in a given period, but that it was challenging
to further define frequency of attacks because the presentation of disease varies among
patients. Therefore, the clinical experts felt it was most appropriate to assess the severity

of disease on a case-by-case basis using clinical judgment. In addition to frequency and
severity of attacks, hemin use and comorbidities were also considered important factors in
the decision to use givosiran for patients. More specifically, the clinical experts noted that
hemin use was an indicator of disease that was not well-controlled, and that the presence of
comorbidities resulting from AHP would be considered a priority, with the goal of preventing
further complications. According to the clinical experts, laboratory porphyria levels, subtypes
and genetic testing do not predict disease severity because there is variable penetrance and
variation in clinical course.

The clinical experts also stated that givosiran is least suitable — and would not be considered
— for patients who are asymptomatic, are identified with AHP through family history and
never develop clinical symptoms, have not been therapeutically challenged with initial lines
of therapy, or whose clinical symptoms are mild or characterized by infrequent attacks.
Additionally, the experts felt that givosiran would not be suitable in populations that have not
been studied, including children, adults aged 65 years and older, pregnant or breastfeeding
individuals, or patients with moderate to severe liver disease or significant elevation in
transaminases.
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Assessing Response to Treatment

The clinical experts stated that it is not possible to identify the patients most likely to exhibit
a response to treatment with givosiran based on the current evidence, biochemical tests, or
patient characteristics.

The clinical experts described the following outcomes as those that are used to determine
response to treatment in clinical practice: reduced attack rate, reduced hospitalization,
reduced need for hemin, frequency of neurovisceral flares, and improved patient-reported
outcomes, such as daily symptoms, HRQoL, and work-life productivity.

An improvement in HRQoL and a reduction in frequency of attacks, hospitalizations, and
attacks requiring hospitalization or hemin use would be considered clinically meaningful
responses to treatment by the clinical experts consulted on this review, and would be
considered when making a decision to continue treatment with givosiran. One of the experts
also noted that the following would be characterized as a clinically meaningful response

to treatment: a reduction in, improvement of, or stabilization of psychiatric manifestations
and neurovisceral symptoms (abdominal or back pain, axonal neuropathy) in addition to the
attainment of major motor milestones and the ability to perform activities of daily living.

The clinical experts suggested that patients be assessed for response to treatment every

6 months or annually. One suggested that patients be assessed more frequently (monthly)
during the acute phase (described as the first 3 months), followed by evaluations every 3
months, then every 6 months once stabilization is achieved. All of the experts agreed that 1
year would be a sufficient amount of time in which to assess response to treatment; however,
the variable presentation of disease (such as yearly fluctuations in attack frequency) was
noted as a limitation to the certainty of this assessment.

Discontinuing Treatment

All of the clinical experts agreed that the frequency of attacks is the most important factor

in the decision to continue treatment with givosiran. HRQoL and the frequency of attacks
leading to hospitalization were also noted by the experts as being important for consideration.
In general, the clinical experts felt that patients treated with givosiran would continue with
treatment until they encountered a reason for discontinuation, such as safety concerns,
including severe local reactions, anaphylaxis, severe gastrointestinal symptoms, severe
fatigue, or increase in liver function tests and/or creatinine. Discontinuation of treatment

may also be considered with deterioration of HRQoL, safety concerns that outweigh the
perceived benefit due to reduced symptoms or attacks, or a lack of response to treatment.

Of note, it was challenging for the clinicians to specifically define response to treatment

due to the heterogeneous nature of AHP among patients, but an increased or similar rate of
attacks while on treatment was noted as a sign that treatment may not be working. Feedback
from the clinical experts also indicated that menopause would be a potential reason to trial
treatment discontinuation in patients with stable disease. They also noted that if attacks
recurred following discontinuation, restarting treatment with givosiran would be a possibility.

Prescribing Conditions

The clinical experts indicated that givosiran is administered by a subcutaneous injection and
can be given in a community nursing clinic, hospital outpatient clinic, or any infusion clinic,
whether it is a community or specialty clinic. The experts felt that ideally, administration of
givosiran should be overseen by a specialist responsible for the diagnosis, treatment, and
monitoring of patients receiving givosiran. According to the clinical experts, patients with AHP
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should be monitored by a clinic specialized in the management of porphyria, but because
it is a rare condition, this is not always available. General internal medicine and hematology
specialists would be most likely to manage these patients, but specialists in hepatology,
nephrology, and neurology were also mentioned as relevant.

Clinician Group Input
CADTH did not receive any input from clinician groups for this review.

Drug Program Input

The drug programs provide input on each drug being reviewed through CADTH's
reimbursement review processes by identifying issues that may affect their ability to
implement a recommendation. The implementation questions and corresponding responses
from the clinical experts consulted by CADTH are summarized in Table 3.

Clinical Evidence

The clinical evidence included in the review of givosiran is presented in 2 sections. The first
section, the Systematic Review, includes pivotal studies provided in the sponsor’s submission
to CADTH and Health Canada, as well as those studies that were selected according to

an a priori protocol. The second section includes sponsor-submitted, long-term extension
studies and additional relevant studies that were considered to address important gaps in the
evidence included in the systematic review.

Systematic Review (Pivotal and Protocol-Selected Studies)

Objectives

To perform a systematic review of the beneficial and harmful effects of givosiran 2.5 mg/kg
once monthly for the treatment of AHP in adults.

Methods

Studies selected for inclusion in the systematic review include pivotal studies provided in the
sponsor’s submission to CADTH and Health Canada as well as those meeting the selection
criteria presented in Table 4. Outcomes included in the CADTH review protocol reflect those
considered to be important to patients, clinicians, and drug plans.

The literature search was performed by an information specialist using a peer-reviewed
search strategy. The literature search for clinical studies was performed by an information
specialist using a peer-reviewed search strategy according to the PRESS Peer Review

of Electronic Search Strategies checklist (https://www.cadth.ca/resources/finding
-evidence/press).'®

Published literature was identified by searching the following bibliographic databases:
MEDLINE All (1946K) through Ovid and Embase (1974H) through Ovid. The search strategy
comprised both controlled vocabulary, such as the National Library of Medicine’'s MeSH
(Medical Subject Headings), and keywords. The main search concept was Givlaari (givosiran).
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Table 3: Summary of Drug Plan Input and Clinical Expert Response

Drug program implementation questions

Clinical expert response

Givosiran is indicated for only 4 types of AHP, not

the types that manifest cutaneously. Urine testing
identifies key indicators of this condition and types, but
once confirmed biologically, the specific type must be
confirmed with genetic tests. How widely available are
these tests, given that the condition is so rare?

The clinical experts indicated that the availability of genetic testing may
vary among jurisdictions. As a genetic disease, 1 of the contributing
factors is the existence of genetic clusters across Canada. In areas
with evidence of hereditary AHP, a genetic panel of known porphyria
genes is more likely to be available for suspected patients to be tested
against.

The clinical experts also noted that the biochemical tests for urinary
ALA and PBG are specific to AHP and, along with clinical evidence
consistent with porphyria attacks, are sufficient to make a diagnosis.
Due to the lack of available genetic tests, this is not a requirement for
making a diagnosis, but it would be required to confirm one.

The approved Health Canada indication for givosiran is
for adults only. Citing a broader indication for givosiran
in Europe and the inclusion criteria in the ENVISION ftrial,
could givosiran be used in patients aged 12 years and
older in Canada?

Patients included in the ENVISION trial must have had 2
or more attacks in the last 6 months. Could givosiran be
used with patients who experienced fewer?

Despite the inclusion criteria for the ENVISION trial, the patients who
were enrolled in the trial were between the ages of 19 years and 65
years at baseline. As such, givosiran is not indicated by Health Canada
for pediatric patients. Similarly, the clinical experts do not foresee its
use in pediatric patients until evidence in this population in available.

The clinical experts would consider using givosiran in patients with
fewer than 2 attacks in 6 months depending on disease-related
complications resulting from the severity of an attack. It was noted
that this would be considered on a case-by-case basis. Otherwise, the
experts would follow the criteria outlined in the ENVISION trial.

Should therapy end if attacks cease to occur, or only if
patients experience serious side effects? How serious?
Can this be defined?

The clinical experts did not think that therapy should end if attacks
ceased to occur. As noted in the clinician input section, a trial of
discontinuation may be considered around menopause, when attacks
tend to become less frequent.

Safety concerns, such as serious side effects, would be a reason to
consider discontinuation of treatment. The clinical experts noted that
this would depend on the nature of the side effect and whether the
benefits of treatment outweigh the safety concerns. The clinical experts
could not define a specific safety situation that would lead to treatment
discontinuation, stating that it would need to be evaluated on a case-by-
case basis.

Given that hemin may be needed as rescue therapy for
an acute attack, is the use of givosiran in combination
with hemin a concern?

The clinical experts did not express concern with the use of givosiran
in combination with hemin. In fact, the 2 were expected to be
complementary because givosiran should be used to prevent acute
porphyria attacks, while hemin is used as a treatment for acute attacks.

Are there generalizability issues in populations that
match the indication but for whom there are insufficient
data (for types of AHP other than AIP)?

Based on the mechanism of action of givosiran and the pathogenesis
of the different types of AHP, the clinical experts would treat patients
with AIP, ADP, HCP, or VP the same.

As per the monograph, the drug needs to be given by a
health care practitioner in the home. Can it be self-
injected?

The clinical experts indicated that givosiran is administered according
to the product monograph; therefore, it should not be self-injected.
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Drug program implementation questions Clinical expert response

It is likely that patients will need to be monitored for The clinical experts reported that assessment of chronic kidney disease
chronic kidney disease and elevated liver function tests, | and elevated liver function tests would be a factor in the consideration
given that these were significant adverse effects noted | of treatment discontinuation. As previously noted, safety concerns

in the trials. Is management only to stop the drug if would be evaluated on a case-by-case basis, and treatment decisions
severe? Can it be restarted? would be up to the treating clinician. Further, the clinical experts noted
that in general, treatment could be restarted if the safety issue was no
longer expected to be a concern.

ADP = aminolevulinic acid dehydratase-deficient porphyria; AHP = acute hepatic porphyria; AIP = acute intermittent porphyria; ALA = aminolevulinic acid; HCP = hereditary
coproporphyria; PBG = porphobilinogen; VP = variegate porphyria.

Table 4: Inclusion Criteria for the Systematic Review

Criteria Description

Population Adult patients with acute hepatic porphyria
Subgroups:
By subtype (AIP, ADP, HCP, VP)

Frequency/history of attacks

Intervention Givosiran 2.5 mg/kg once monthly by subcutaneous injection

Comparator Prophylactic hemin
Gonadotropin-releasing hormone analogue (in women only)
Standard of care or placebo

Outcomes Efficacy outcomes:

Frequency of attacks?

HRQoL?

Management of symptoms? (e.g., gastrointestinal, cardiovascular, neurologic)
Reduced complications of AHP? (e.g., hypertension, CKD, liver cancer, neuropathy)
Rescue medication use

Opioid use

Activities of daily living

Hospitalization and health care use?

Ability to work or attend school

ALA, PBG, and porphyrin levels

Mortality

Harms outcomes:

AEs, SAEs, WDAEs, mortality, motor neuropathy, hepatocellular carcinoma, injection-site reactions,
transaminase elevation, progression of renal impairment

Study designs Published and unpublished phase Ill and IV RCTs

ADP = aminolevulinic acid dehydratase-deficient porphyria; AE = adverse event; AHP = acute haptic porphyria; AIP = acute intermittent porphyria; ALA = aminolevulinic
acid; CKD = chronic kidney disease; HCP = hereditary coproporphyria; HRQoL = health-related quality of life; PBG = porphobilinogen; RCT = randomized controlled trial; SAE
= serious adverse event; VP = variegate porphyria; WDAE = withdrawal due to adverse event.

aThese outcomes were identified as being of particular importance to patients in the input received by CADTH from patient groups.
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Clinical trials registries were searched: the US National Institutes of Health's clinicaltrials.gov,
Health Canada'’s Clinical Trials Database, and the European Union Clinical Trials Register.

No filters were applied to limit the retrieval by study type. Retrieval was not limited by
publication date or by language. Conference abstracts were excluded from the search results.
See Appendix 1 for the detailed search strategies.

The initial search was completed on March 23, 2021. Regular alerts updated the search until
the meeting of the CADTH Canadian Drug Expert Committee on July 21, 2021.

Grey literature (literature that is not commercially published) was identified by searching
relevant websites from the CADTH Grey Matters: A Practical Tool For Searching Health-
Related Grey Literature checklist (https://www.cadth.ca/grey-matters)."” Included in this
search were the websites of regulatory agencies (US FDA and the European Medicines
Agency). Google was used to search for additional internet-based materials. See Appendix 1
for more information on the grey literature search strategy.

These searches were supplemented through contacts with appropriate experts. In addition,
the manufacturer of the drug was contacted for information regarding unpublished studies.

Two CADTH clinical reviewers independently selected studies for inclusion in the review
based on titles and abstracts, according to the predetermined protocol. Full-text articles of

all citations considered potentially relevant by at least 1 reviewer were acquired. Reviewers
independently made the final selection of studies to be included in the review, and differences
were resolved through discussion.

Findings From the Literature

A total of 1 study was identified from the literature for inclusion in the systematic review
(Figure 1). The included study is summarized in Table 5. A list of excluded studies is
presented in Appendix 2.

Description of Studies

Figure 2 outlines the study design. Study 003 was a multi-centre, placebo-controlled, DB
phase Ill study designed to evaluate the efficacy and safety of givosiran administered once
monthly in patients with AHP. Its primary objective was to evaluate the effect of givosiran
compared to placebo in terms of the rate of porphyria attacks requiring hospitalization, urgent
health care visit, or IV hemin administration at home in patients with AIP. Study 003 was
conducted internationally, and 1 of the 36 participating study centres was located in Canada.

An interactive response system was used to assign patients to a treatment and to maintain
blinding; members of the study team did not have access to unblinded data until the end of
the 6-month DB period. A total of 94 patients were randomized in a 1:1 ratio to receive 2.5
mg/kg givosiran or placebo administered subcutaneously. Randomization was stratified by
AHP type: AIP with genetic evidence of mutation in the HMBS gene versus non-AlP (HCP, VR,
ADP or any AHP without an identified mutation in a porphyria-related gene). Patients with AIP
were further stratified by prophylactic hemin use at screening as well as by each patient’s
historical AAR. More specifically, patients who used hemin prophylactically before study entry
were stratified by their historical porphyria AAR over the 12 months before randomization,
based on having fewer than 7 attacks versus 7 attacks or more. Patients who were not using
hemin prophylactically before study entry were stratified by their historical porphyria AAR in
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the previous 12 months up until randomization, based on fewer than 12 attacks versus 12
attacks or more.

Patients participated in a screening period for up to 2 months before randomization. During
this period, patient history and ALA and PBG levels were collected for study eligibility
purposes. Patients who did not meet the study eligibility criteria were able to undergo
rescreening. The 6-month DB treatment period followed, with an OLE period of up to 29
months (summarized in Other Relevant Evidence later in this section). A 1-month follow-up
period concluded the study.

The study was enriched for attack frequency to ensure the ability to measure a difference in
treatment effect on the primary composite porphyria attack end point.

Patients who discontinued from the study drug or withdrew from the study were not replaced.

Figure 1: Flow Diagram for Inclusion and Exclusion of

Studies
35
Citations identified
in literature search
2 1
Potentially relevant reports Potentially relevant report
from other sources identified and screened
3
Total potentially relevant reports identified and screened
0
» Reports excluded
v
3

Reports included
presenting data from 1 unique study
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Table 5: Details of Included Studies

Details Study 003

Designs and populations

Study design Phase Ill, DB, placebo-controlled RCT with OLE
Locations 36 centres in 18 countries: Canada, US, Mexico, Europe, Australia, and Asia
Patient November 16, 2017, through June 27,2018
enrolment
dates
Randomized 94
(N)
Inclusion + At least 12 years of age
criteria + Diagnosis of AIP, HCP, VP, or ADP based on clinical features, = 1 documented urinary or plasma PBG or
ALA value = 4 x ULN within the past year or during screening, AND either documented genetic evidence of
mutation in a porphyria-related gene?® OR both clinical features and diagnostic biochemical criteria consistent
with AHP®?
+ Active disease, with > 2 porphyria attacks requiring hospitalization, urgent health care visit, or treatment with
IV hemin at home within the 6 months before screening
« Willing to discontinue and/or not initiate use of prophylactic hemin at the time of screening and for the
duration of the study
+ Adequate venous access for study sample collection
+ Willing to comply with contraceptive requirements during the study period
Exclusion + Any of: ALT greater than 2 x ULN; TBIL greater than 1.5 x ULN (patients with elevated TBIL secondary to
criteria documented Gilbert's syndrome were eligible if TBIL was less than 2 x ULN); INR > 1.5 (patients on anti-

coagulant with an INR < 3.5 were allowed)
+ eGFR < 30 mL/min/1.73m?¢

+ On an active liver transplantation waiting list or anticipated to undergo liver transplantation during the blinded
study treatment period

« History of intolerance to SC injection

« History of recurrent pancreatitis or acute pancreatitis with disease activity within 12 months before screening
« History of serious infection (within 1 month) or malignancy (within 5 years)

+ Major surgery planned within 6 months

Drugs

Intervention

2.5mg/kg givosiran once monthly by SC injection

Comparator(s) | Placebo (sodium chloride 0.9% w/v) for SC administration
Duration

Phase

+ Screening 60 days

+ Double-blind | 6 months

+ OLE Up to 29 months

* Follow-up 1 month
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Details Study 003

Outcomes
Primary end Annualized rate of porphyria attack (attacks requiring hospitalization, urgent health care visit, or [V hemin
point administration at home) in patients with AIP over the initial 6-month DB period

Secondary and | Secondary

exploratory end | . Urinary ALA levels in patients with AIP at 3 months, 6 months
points + Urinary PBG levels in patients with AIP at 6 months

+ Change from baseline in the PCS of the SF-12 at 6 months
Over the 6-month DB period:

+ Annualized rate of hemin administration in patients with AIP

» AAR requiring hospitalization, urgent health care visit, or IV hemin administration at home in patients with
AHP

+ Daily worst pain score measured by the BPI-SF in NRS in patients with AIP

« Daily worst nausea score measured by NRS in patients with AIP

+ Daily worst fatigue score measured by BFI-SF in NRS in patients with AIP

Exploratory

Measured in patients with AIP and in patients with AHP over the 6-month treatment period or over the OLE period:

+ Rate of porphyria attacks requiring hospitalization, urgent health care visit, or IV hemin administration at
home

+ Rate of all porphyria attacks

+ Rate of administered hemin doses

+ Urinary ALA and PBG levels

+ Urinary ALAST mRNA levels

+ Daily worst pain, daily worst nausea, and daily worst fatigue scores over 12 months
* PCS of the SF-12

+ EQ-5D-5L index score

* PGIC

* PPEQ

+ Analgesic usage (opioid and non-opioid)
« PK profile of givosiran

+ Incidence and titre of ADAs

Notes

Publications Balwani (2020)'®

AAR = annualized attack rate; ADA = antidrug antibody; ADP = aminolevulinic acid dehydratase-deficient porphyria; AHP = acute hepatic porphyria; AIP = acute intermittent
porphyria; ALA = aminolevulinic acid; ALT = alanine aminotransferase; BFI-SF = Brief Fatigue Inventory — Short Form; BPI-SF = Brief Pain Inventory — Short Form; DB

= double blind; eGFR = estimated glomerular filtration rate; EQ-5D-5L = EuroQol 5-Dimensions 5-Levels questionnaire; HCP = hereditary coproporphyria; INR = international
normalized ratio; NRS = numeric rating scale; OLE = open-label extension; PBG = porphobilinogen; PCS = Physical Component Summary; PGIC = Patient Global Impression
of Change; PK = pharmacokinetic; PPEQ = Porphyria Patient Experience Questionnaire; RCT = randomized controlled trial; SC = subcutaneous; SF-12 = 12-item Short Form
Health Survey; TBIL = total bilirubin; ULN = upper limit of normal; VP = variegate porphyria.

Note: Two additional reports were included (Balwani'® and Health Canada Reviewers Report™).

2Defined as any of the following: AIP = mutation in the HMBS gene (also referred to as the PBGD gene); HCP = mutation in the CPOX gene; VP = mutation in the PPOX gene;
ADP = mutation in the ALAD homozygous or compound heterozygous genes.

°If a patient’s genetic testing did not identify a mutation in a porphyria-related gene (< 5% of cases), a patient may have been eligible for the study if they had both clinical
features and diagnostic biochemical criteria consistent with AHP.

°Using the Modification of Diet in Renal Disease formula.
Sources: Clinical Study Report®; Balwani (2020)."®
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Populations
Inclusion and Exclusion Criteria

To be eligible for inclusion in Study 003, patients had to be at least 12 years old with

a documented diagnosis of AIP. HCP, VP, or ADP. The diagnosis was based on clinical
features, evidence of elevated urinary or plasma PBG or ALA (at least 4 x the upper limit

of normal [ULN]) within the year before screening, and genetic evidence of mutation in a
porphyria-related gene (AIP = mutation in the HMBS gene; HCP = mutation in the CPOX gene;
VP = mutation in the PPOX gene; ADP = mutation in the ALAD homozygous or compound
heterozygous genes). Patients with genetic testing that did not identify a mutation in

a porphyria-related gene were considered eligible if they had both clinical features and
diagnostic biochemical criteria consistent with AHP, as outlined in Figure 3. Patients were also
required to have active disease (at least 2 composite porphyria attacks; i.e., attacks requiring
hospitalization, urgent health care visit, or treatment with IV hemin at home) within 6 months
before screening and be willing to abstain from prophylactic use of hemin during the trial.

Patients were excluded from Study 003 if they had elevated levels of ALT (> 2 x ULN), total
bilirubin (> 1.5 x ULN), or an international normalized ratio greater than 1.5; impaired renal
function (eGFR < 30 mL/min/1.73 m?); or a history of allergies, infections, or malignancy.
Additionally, patients were excluded if they had a history of recurrent pancreatitis or a major
surgery planned within 6 months, or if they were pregnant, breastfeeding, or planning to
become pregnant.

Baseline Characteristics

A summary of baseline characteristics for Study 003 is provided in Table 6. The data from
Study 003 are presented using 2 datasets: 1 for patients with AIP and 1 for all patients with
AHP. The dataset for patients with AIP included only patients who were identified with the AIP
subtype. All patients with AHP, regardless of subtype (i.e., patients with AIR, ADP, HCR, VP, and
patients with AHP without an identified mutation in a porphyria-related gene) were included in

Figure 2: Design of Study 003

Stratification Factors
* AHP Type
= Hemin Prophylaxis Slalus
= Altack Rate

Givosiran : 3
2.5 mglkg Open-Label Extension Period
monthly 2.5 mg/kg monthly
. 1:1 Foll
Placebo
Monthly
——— » y A
6-Month Treatment Period Up to 29 1 Meonth
Day -60 to -1 (Double Blind) months (3 Months if
Early
Termination)

AHP = acute hepatic porphyria; Am < 2 = original protocol, protocol amendment 1, and protocol amendment 2; Am 3
= protocol amendment 3.

Source: Clinical Study Report.®
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the “all patients with AHP” dataset. Where relevant, the data from Study 003 will be described
using these 2 datasets for the remainder of the report.

Patients with AIP who were randomized in Study 003 were between the ages of 19 years

and 65 years, with a mean age of 37.3 years to 40.7 years. Most were female (89% to 91%)
and White (77% to 80%); 35% to 40% resided in North America. The mean number of years
since diagnosis was 8 years to 11 years, and between 40% and 44% of patients had prior
experience with prophylactic hemin. During the 6 months before screening for Study 003,
the median number of porphyria attacks requiring hospitalization, urgent health care visit,

or hemin use at home was between 3 and 4, with a range of 0 to 25. Using the composite
definition of porphyria attacks, the median historical AAR was 8 attacks (range = 4 to 34) and
8 attacks (range = 0 to 46) in the givosiran and placebo treatment groups, respectively. Detail
regarding the reason for including a patient with a minimum AAR of 0 in the 6 months before
screening in the placebo treatment group was not provided. While not having a porphyria
attack, between 48% and 56% of patients reported having chronic symptoms, and 28% to 30%
reported chronic opioid use.

In general, the baseline characteristics were similar between treatment groups. Among
patients with AIP, the givosiran treatment group had a greater number of years since their
diagnosis, a greater proportion of patients with a prior hemin prophylaxis regimen, and a
smaller proportion of patients with prior chronic symptoms when not having attacks.

Baseline characteristics in patients with AHP were similar to those reported for patients with
AIP. Patient comorbidities are summarized in Table 7.

Figure 3: Biochemical Diagnosis of AHP in the Absence of Identified
Mutation in a Porphyria-Related Gene

AIP without identified HCP without identified VP without identified ADP without identified
gene mutation gene mutation gene mutation gene mutation
Plasma ) . 4.5 pg/dL, or <5-fold . < 5 ug/dL. or <5-fold o =27 pg/dl, or -3-fold « Plasma- same as AIP
Porphyrins increase (relative to increase (relative to increase (relative to
ULN of 0.9 pg/dL) ULN of 0.9 pg/dL) ULN of 0.9 pg/dL) * Erythrocytes: marked
* Fluorescence scanning at | ¢ Fluorescence scanning | ¢ Fluorescence scanming at INEIease m zine
neutral pH shows no at neutral pH shows no neutral pH showing a protoporphyrin IX
peak or a small peak at peak or a small peak at peak at ~626 nm. (=400 pg/dL)
=620 nm. ~620 nm.
Note: AIP patients with Note: this criterion
severe renal disease are an | applies to HCP patients
exception and may have without skin lesions. Skin
substantial increases in lesions are rare in this
plasma porphyrins. disease. but if present are
often accompanied by
substantial increases in
plasma porphyrins. An
exception will be made
for this criterion mn such
cases.
Total Fecal o WNL (< 400 pg/g dry o =400 pg/g dry weight | o =400 pg/g dry weight or | « WNL or modest increase
Porphyrins weight or <2-fold or =2-fold increase =2-fold increase (relative (<500 ug/g dry weight or
ncrease (relative to (relative to ULN of to ULN of 200 pg/g dry <=2 5-fold mcrease
ULN of 200 pg/g dry 200 pg'g dry weight) weight) (relative to ULN of
weight) * Predominance of * Predominance of 200 pg/g dry weight)
coproporphynin II1 and coproporphyrin I and
a coproporphyrin IIIT protoporphyrin IX
ratio =1.5

ADP = aminolevulinic acid dehydratase-deficient porphyria; AHP = acute hepatic porphyria; AIP = acute intermittent
porphyria; HCP = hereditary coproporphyria; ULN = upper limit of normal; VP = variegate porphyria; WNL = within

normal limits.

Source: Clinical Study Report.®
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Table 6: Summary of Baseline Characteristics (Study 003, 6-Month Double-Blind Period, SAS)

Patients with AIP All patients with AHP

Characteristic

Givosiran
N =46

Placebo
N =43

Givosiran
N =48

Placebo

N =46

Demographic characteristics
Age (years), mean (SD) 40.7 (12.0) 37.3(10.5) 40.1 (12.1) 37.4(10.5)
Age (years), range 19t0 65 20to 60 19to0 65 20to 60
Gender (% female), n (%) 41 (89.1) 39 (90.7) 43 (89.6) 41 (89.1)
Body weight (kg), mean (SD) 65.71 (15.91) 68.50 (16.69) 65.85 (15.63) 67.88(16.82)
BMI (kg/m?), mean (SD) 24.27 (5.24) 25.66 (6.34) 24.31 (5.15) 25.49 (6.38)
Race, n (%)
White 37 (80.4) 33(76.7) 39 (81.3) 34 (73.9)
Black 0 0 0 1(2.2)
Asian 8(17.4) 6 (14.0) 8(16.7) 7(15.2)
Other 1(2.2) 4(9.3) 1(2.1) 4(8.7)
Region, n (%)
North America 16 (34.8) 17 (39.5) 16 (33.3) 18 (39.1)
Europe 22 (47.8) 18 (41.9) 23 (47.9) 19 (41.3)
Other (Asia, Australia, Mexico) 8(17.4) 8(18.6) 9(18.8) 9(19.6)
Disease characteristic
Years since diagnosis, mean (SD) 11.47 (11.27) 8.44 (8.69) 11.09 (11.18) 8.25(8.47)
Years since diagnosis, range 0.2t043.3 0.11t0 38.5 0.2t043.3 0.1t038.5
Patients with prior hemin prophylaxis regimen, n (%) 20 (43.5) 17 (39.5) 20 (41.7) 18 (39.1)
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Characteristic

Patients with AIP

CADTH

All patients with AHP

Placebo

Givosiran Placebo Givosiran
N =46 N =43 N =48

N =46

Number of attacks requiring hospitalization, urgent health care visit 4 (210 24) 3(0°to 25) 4 (210 24) 3(0°to 25)
or hemin use at home during the 6 months before screening, median
(range)
Historical AAR®
High, n (%) 23 (50.0) 20 (46.5) 24 (50.0) 21 (45.7)
Low, n (%) 23 (50.0) 23 (53.5) 24 (50.0) 25 (54.3)
Median (range) 8 (4to 34) 8 (0to 46) 8 (4to 34) 7 (0 1o 46)
Patients with prior chronic symptoms when not having attacks,® n (%) 22 (47.8) 24 (55.8) 23 (47.9) 26 (56.5)
Patients with prior chronic opioid use when not having attacks, n (%) 14 (30.4) 12 (27.9) 14 (29.2) 13 (28.3)
Urinary ALA (mmol/mol Cr), mean (SD) 19.97 (16.80) 17.52 (10.89) 19.65 (16.61) 17.27 (10.79)
Cr normalized urinary ALA (x ULN), mean (SD) 13.59 (11.43) 11.92 (7.41) 13.37 (11.30) 11.75 (7.34)
Urinary PBG (mmol/mol Cr), mean (SD) 50.36 (34.33) 46.80 (24.32) 49.00 (34.41) 45.39 (24.52)
Cr normalized urinary PBG (x ULN), mean (SD) 367.56 (250.55) 341.62 (177.54) 357.67 (251.17) 331.34(178.98)

AAR = annualized attack rate; AHP = acute hepatic porphyria; AIP = acute intermittent porphyria; ALA = aminolevulinic acid; BMI = body mass index; Cr = creatinine; PBG = porphobilinogen; SAS = Safety Analysis Set; SD = standard
deviation; ULN = upper limit of normal.

20ne patient was included in the primary efficacy analysis but was excluded from the sensitivity analysis based on the per-protocol set.

PHistorical composite AAR was calculated based on the number of attacks requiring hospitalization, health care facility visit, or hemin use at home during the 6 months before randomization. For patients on a hemin prophylaxis
regimen before the study, AAR is “high” if the historical AAR is greater than or equal to 7 and “low” if less than 7. For patients who were not on a prior hemin prophylaxis regimen, AAR is “high” if historical AAR is greater than or
equal to 12 or “low” if less than 12.

Yes, if patients experienced symptoms of porphyria when not having an attack daily or on most days before the study.
4Yes, if patients took opioids for porphyria when not having an attack daily or on most days.
Source: Clinical Study Report®; Balwani 2020."®
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Interventions

Patients were randomized to givosiran or placebo. Those randomized to givosiran received
2.5 mg/kg once monthly during the 6-month DB period of Study 003. Givosiran was supplied
as a sterile solution in water for subcutaneous injection and administered by a qualified and
authorized health care professional into patients’ abdomens, upper arms, or thighs. Patients
were observed for at least 20 minutes following the injection. Patients randomized to placebo
received sodium chloride 0.9% weight/volume for subcutaneous injection. The placebo was
administered using identical packaging and product volume. To maintain blinding, syringes
were masked before the withdrawal of givosiran or placebo from a masked vial.

Table 7: Medical History in Common With More Than 15.0% of Patients With AHP (Study 003,
6-Month Double-Blind Period, SAS)

Patients with AIP All patients with AHP

Givosiran Placebo Givosiran Placebo
N =46 N =43 N =48 N =46

Characteristic

Surgical and medical procedures 40 (87.0) 38 (88.4) 42 (87.5) 40 (87.0)
Central venous catheterization 33(71.7) 31 (72.1) 35(72.9) 32 (69.6)
Nervous system disorders 31 (67.4) 21 (48.8) 32 (66.7) 24 (52.2)
Neuropathy peripheral 20 (43.5) 14 (32.6) 20 (41.7) 16 (34.8)
Metabolism and nutrition disorders 25(54.3) 25(58.1) 25(52.1) 27 (58.7)
Iron overload 16 (34.8) 14 (32.6) 16 (33.3) 15 (32.6)
Investigations 21 (45.7) 25 (58.1) 22 (45.8) 25 (54.3)
Transaminases increased 16 (34.8) 18 (41.9) 17 (35.4) 18 (39.1)
Gastrointestinal disorders 22 (47.8) 20 (46.5) 23 (47.9) 22 (47.8)
Constipation 11 (23.9) 6 (14.0) 12 (25.0) 8 (17.4)
Gastroesophageal reflux disease 11 (23.9) 6 (14.0) 11 (22.9) 6 (13.0)
Nausea 7(15.2) 10 (23.3) 7 (14.6) 10 (21.7)
Psychiatric disorders 25 (54.3) 17 (39.5) 26 (54.2) 18 (39.1)
Depression 16 (34.8) 8(18.6) 17 (35.4) 8(17.4)
Anxiety 13 (28.3) 9 (20.9) 13 (27.1) 9 (19.6)
Insomnia 8(17.4) 7 (16.3) 9(18.8) 8(17.4)
Renal and urinary disorders 12 (26.1) 17 (39.5) 13 (27.1) 17 (37.0)
Chronic kidney disease 8(17.4) 9 (20.9) 8(16.7) 9(19.6)
Vascular disorders 14 (30.4) 15 (34.9) 14 (29.2) 15 (32.6)
Hypertension 13 (28.3) 11 (25.6) 13 (27.1) 11 (23.9)
Blood and lymphatic system disorders 12 (26.1) 16 (37.2) 12 (25.0) 17 (37.0)
Anemia 6 (13.0) 13 (30.2) 6 (12.5) 13 (28.3)

AHP = acute hepatic porphyria; AIP = acute intermittent porphyria; SAS = Safety Analysis Set.

Source: Clinical Study Report.®
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Modifications to the dose of givosiran were not permitted during the 6-month DB period,
with the exception of changes due to ALT elevation. A downward titration to 1.25 mg/

kg once monthly (from givosiran 2.5 mg/kg once monthly) for patients who were
withheld from treatment due to elevated ALT was introduced in accordance with protocol
amendment number 2.

Patients were permitted to miss 1 dose of the study drug within the 6-month treatment
period. If more than 1 dose was missed, a decision regarding continuation of treatment was
made at the discretion of the investigator and medical monitor.

Patients recorded concomitant medication use through an electronic case report form. A list
of concomitant medications reported during the 6-month DB period of the ENVISION trial is
available in Table 12. Hemin prophylaxis was not permitted during the study, but patients were
allowed to receive hemin for the treatment of acute attacks if clinically indicated. Hemin used
for acute attacks was reported as a concomitant medication. Patients who were receiving
treatment with a GnRH analogue at screening were permitted to enrol if they remained on
GnRH treatment throughout the 6-month DB period. The sponsor reported that initiation of
treatment with GnRH during the study was discouraged, but the extent of GnRH use was

not reported. Analgesic usage for the management of porphyria and porphyria attacks

was permitted based on clinical judgment and either reported in the patient's e-diary or as

a concomitant medication, if taken at a health care facility. Lastly, standard vitamins and
topical medications were permitted; however, topical steroids were not allowed to be applied
anywhere near the injection site unless medically indicated.

Outcomes

A list of efficacy end points identified in the CADTH review protocol that were assessed in
the clinical trials included in this review is provided in Table 8. These end points are further
summarized here. A detailed discussion and critical appraisal of the outcome measures is
provided in Appendix 4.

Table 8: Summary of Outcomes of Interest Identified in the CADTH Review Protocol

Outcome measure Study 003

Annualized rate of porphyria attack Primary/secondary
HRQoL by SF-12?% EQ-5D-5L, PGIC Secondary/exploratory
Daily worst pain score, nausea score, and fatigue score Secondary/exploratory
Annualized rate of hemin administration Secondary/exploratory
PPEQ Exploratory
Analgesic usage (opioid and non-opioid) Exploratory
Missed days of work Exploratory
Urinary ALA levels Secondary/exploratory
Urinary PBG levels Secondary/exploratory

ALA = aminolevulinic acid; EQ-5D-5L = EuroQol 5-Dimensions 5-Levels questionnaire; HRQoL = health-related quality of life; PBG = porphobilinogen; PGIC = Patient Global
Impression of Change; PPEQ = Porphyria Patient Experience Questionnaire; SF-12 = 12-item Short Form Health Survey.

Note: The outcomes described as “secondary/exploratory” were analyzed as secondary outcomes in patients with AIP and exploratory outcomes in patients with AHP.
aThe PCS of the SF-12 analyzed in patients with AIP was a secondary outcome; all other outcomes related to the SF-12 were exploratory.
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Porphyria Attacks

In Study 003, the primary composite outcome was the annualized rate of porphyria attacks,
which included attacks requiring hospitalization, urgent health care visit, or IV hemin
administration at home in patients with AIP during the 6-month DB period of the study.

All porphyria attacks, which included all 4 definitions of porphyria-related attacks, were
also reported.

Porphyria attacks were defined as acute episodes of neurovisceral pain in the abdomen, back,
chest, extremities, or limbs with no other medically determined cause that required treatment
with IV dextrose, hemin, carbohydrates, analgesics, or other medications (e.g., antiemetics

at a dose frequency beyond that used in the patient’s usual daily management). Patients or
caregivers were to record any potential porphyria attacks for the duration of the study when
they occurred using the provided electronic diary, by telephone, or by email to the study site
or investigator. Of note, patients or caregivers were trained on the use of the electronic diary
at screening, and complete instructions were available at study sites in a study manual.
Health care professionals were also able to notify the study centre of porphyria attacks. All
potential porphyria attacks were adjudicated by the investigator. If an event was determined
to be inconsistent with a protocol-defined attack, an alternative reason was recorded, such as
duplicate entry, AE, or other.

Further, the ENVISION trial used the following definitions to identify non-overlapping
components of events relating to porphyria attacks:

« attack requiring hospitalization: admission to an inpatient unit or a visit to an emergency
department that resulted in a stay of at least 24 hours

- attack requiring urgent health care visit: urgent, unscheduled visit to a physician's office or
practice, an infusion centre, or an emergency department visit that did not meet the criteria
for hospitalization

- attack requiring IV hemin administration at home: home was any location that did not meet
the criteria for hospitalization or an urgent health care visit

+ attack at home not requiring IV hemin.

No literature was identified that assessed the annualized rate of porphyria attack for
validity, reliability, or responsiveness in patients with porphyria. No MID was identified in
populations with AHP.

Health-Related Quality of Life
In the ENVISION trial, HRQoL was assessed through the SF-12, EQ-5D-5L, and PGIC.

12-ltem Short Form Health Survey

The SF-12 is a generic, patient-reported measure of HRQoL based on the 36-item version of
the survey (SF-36). Patients answer based on a 4-week recall period. Each of the 12 items
fall into 1 of 8 health scales, including: physical functioning (PF) (2 items), RP (2 items),

BP (1 item), general health (GH) (1 item), vitality (VT) (1 item), social functioning (SF) (1
item), role emotional (RE) (2 items), and mental health (MH) (2 items).? The first 4 scales
(PF, RR, BR, and GH) make up the PCS, while the latter 4 (VT, SF, RE, and MH) fall under the
MCS. The PCS and MCS correspond to the physical and psychological burden of disease,
respectively. The component summaries are standardized to have a mean of 50 and an SD
of 10 based on the general US population, and scores can range from 0 to 100, with higher
scores reflecting better HRQoL.?° Validity and reliability have been demonstrated in a diverse
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population; however, no literature was identified that assessed the SF-12 for validity, reliability,
or responsiveness in patients with porphyria. An MID was not identified for this population,
either; however, MIDs for the SF-12 PCS and MCS have been estimated based on a study

of 458 patients with lower back pain.?' Overall, an improvement of at least 3.29 on the PCS
and 3.77 on the MCS would be clinically meaningful in patients with low back pain.?" In the
ENVISION trial, the component summary scores and individual item scores were reported as
a change from baseline.

EuroQol 5-Dimensions 5-Levels Questionnaire

The EQ-5D-5L is a generic, self-reported, HRQoL instrument developed by the EuroQol Group
that is applicable to a wide range of health conditions and treatments.?> The EQ-5D-5L
consists of a descriptive system and the EuroQol VAS.

The descriptive system comprises 5 dimensions: mobility, self-care, usual activities, pain or
discomfort, and anxiety or depression. Each dimension is answered based on 5 levels (1 = no
problems; 2 = slight problems; 3 = moderate problems; 4 = severe problems; and 5 = extreme
problems or unable to perform, the worst response in the dimension).?> Respondents choose
the level that reflects their health state for each of the 5 dimensions. In total, there are 3,125
possible unique health states defined by the EQ-5D-5L, with 111171 and 55555 representing
the best and worst health states, respectively. Results from the EQ-5D-5L descriptive system
are converted into a single index score using a scoring algorithm that takes local patient and
population preferences into account. Therefore, the index score is a country-specific value
and a major feature of the EuroQol 5-Dimensions (EQ-5D) instrument.?® The range of index
scores will differ according to the scoring algorithm used; however, in all scoring algorithms of
the EQ-5D-5L, a score of 0 represents the health state “dead” and 1.0 reflects “perfect health”

The VAS records the respondent’s self-rated health on a vertical VAS where the end points are
labelled 0 (“the worst health you can imagine”) and 100 (“the best health you can imagine”).
Respondents are asked to mark an X on the point of the VAS that best represents their

health on that day. The EQ-5D index and VAS scores can be summarized and analyzed as
continuous data.?2?

The validity and reliability of the EQ-5D-5L have been demonstrated in a diverse population,
but no literature was identified that assessed the EQ-5D-5L for validity, reliability, or
responsiveness in patients with porphyria. An MID was not identified in populations with
AHP; however, the MID for the index score was estimated to range from 0.037 to 0.056 in the
general Canadian population. Both the index score and VAS were reported in the ENVISION
trial. Index scores were described as a change from baseline, and domain scores were
reported categorically. The VAS was reported as a change from baseline.

Patient Global Impression of Change

The PGIC is a widely used, validated outcome measure for clinical pain trials.?*?® It is a single
guestion answered on a 7-point numerical scale to indicated perceived change in overall
health status since the study began. Patients are asked to consider their overall health since
the start of the trial by choosing a response (1 = very much improved; 2 = much improved; 3

= minimally improved; 4 = no change; 5 = minimally worse; 6 = much worse; 7 = very much
worse).?® The PGIC questionnaire has been recommended for use in chronic pain clinical
trials by the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials
(IMMPACT) as a core outcome measure of global improvement with treatment.?” No literature
was identified that assessed the PGIC for validity, reliability, or responsiveness in patients with
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porphyria. No MID was identified in populations with AHP. In the ENVISION trial, the PGIC was
reported descriptively. It was also reported as 2 categories: “improved,” including responses
for very much improved, much improved, and minimally improved; and “no change or
worsening,” including responses for no change, minimally worse, much worse, and very much
worse. The proportion of patients who improved was compared between treatment groups.

Management of Symptoms

Patients or caregivers were asked to record assessments of pain, nausea, and fatigue in the
patient’s electronic diary daily throughout the ENVISION trial. As noted under the description
of outcomes for porphyria attacks, patients or caregivers were trained in the use of the
electronic diary, and instructions were provided in a study manual. The questionnaires used to
evaluate each of these symptoms are described in this section. For each symptom, a weekly
(7-day) score was derived from an average of daily symptom measurements reported in the
electronic diary. The change from baseline in the weekly average score was reported in the
ENVISION trial. The AUC of the change from baseline was also reported to account for peaks
in symptoms during attacks and lingering chronic symptoms.

Pain

The Brief Pain Inventory (BPI) is a self-reported, 11-item questionnaire designed to provide
information on 2 subscales: pain intensity (the sensory dimension, 4 items) and the degree

to which pain interferes with functioning in daily living (the reactive dimension, 7 items). The
ENVISION trial used a single question from the BPI Short Form (BPI-SF) to assess the severity
of daily pain.® Patients were asked to rate the worst level of pain they experienced during the
past 24 hours on an NRS from 0 = “no pain” to 10 = “as bad as you can imagine.” As a single
item, it has shown internal consistency (0.70 < Cronbach alpha < 0.90) and reliability (between
0.8 and 0.96) among various populations.?® Construct, convergent, and discriminative validity,
internal consistency, and test-retest reliability have been demonstrated for the BPI-SF?62%;
however, no literature was identified that assessed the BPI-SF for validity, reliability, or
responsiveness in patients with porphyria. Although an overall MID of the BPI has not been
identified from the literature, a 2-point change has been suggested as a reasonable estimate
of the MID for worst pain among breast cancer patients with metastatic disease.®® An MID
specific to patients with AHP was not identified.

Fatigue

The Brief Fatigue Inventory (BFI) is a self-reported questionnaire to assess the severity and
impact of fatigue on daily functioning. The items of the BFI are measured on a 0-to-10 NRS. In
the ENVISION trial, a single question was used from the Brief Fatigue Inventory — Short Form
(BFI-SF) to assess the severity of daily fatigue.® Patients were asked to rate the worst level of
fatigue they experienced during the past 24 hours on a scale from 0 = “no fatigue” to 10 = “as
bad as you can imagine”

Validity and reliability of the whole scale was assessed in samples of patients with cancer,
rheumatoid arthritis, and community-dwelling adults and older adults.®’ Construct validity,
concurrent validity, and discriminant validity of the BFI have been demonstrated in cancer
patients, as well as reliability, which was acceptable (Cronbach alpha values were 0.95 to
0.96).%2 Further, both the Chinese and Taiwanese versions of the BFI were previously validated
in patients with cancer and provided evidence of validity of the single item for worst fatigue
compared to the Chinese version of the SF-36 and Eastern Cooperative Oncology Group
(ECOG) performance status, as well as the Taiwanese Profile of Mood States (POMS) short-
form questionnaire.®* An MID for the worst fatigue item was estimated to be 1.5 using the 0.5
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SD method,® but no MID was identified in populations with AHP. Moreover, no literature was
identified that assessed the BFI-SF for validity, reliability, or responsiveness in patients with
porphyria. Nausea

The nausea NRS was used to assess nausea in Study 003. It is a self-reported, single question
used to assess a patient’s level of nausea in the past 24 hours on a scale from 0 to 10, where
0 represents no nausea and 10 represents “nausea as bad as you can imagine.” Construct
validity and reliability were demonstrated for the instrument.3* No literature was identified

that assessed the Nausea Numerical Rating Scale for validity, reliability, or responsiveness in
patients with porphyria. Further, an MID was not identified in populations with AHP.

Rescue Medication Use

Measures of rescue medication in Study 003 included an evaluation of hemin use for acute
attacks. This was reported as the annualized rate of hemin use over the 6-month DB period.

Opioid Use

Opioid usage was reported under analgesic usage in Study 003. Analgesic usage at home
by patients throughout the study was self-reported through the electronic diary that was
also used to report porphyria attacks and symptoms. Analgesic usage was reported using
daily questions regarding type, dose, and frequency. Analgesic medications that were taken
at a health care facility, such as during an attack, were captured as concomitant medication
usage. Analgesic medication usage was reported descriptively by medication category
(opioid, non-opioid, either opioid or non-opioid). This included the proportion of patients
reporting analgesic medication use and the proportion of days with analgesic use during the
6-month DB period.

Activities of Daily Living

In the ENVISION trial, activities of daily living were reported using the PPEQ. The PPEQ

was described by the sponsor as a custom tool consisting of 8 questions used to assess

a patient’s ability to perform daily living activities (questions 1 to 5), treatment experience
(questions 6 and 7), and functional status (question 8). Questions are answered on a 5-point
global rating of change scale.® More specifically, patients select from the following options
for questions 1 to 7: much better, minimally better, no change, minimally worse, or much
worse, based on their current experience compared to before the start of the study. Question
8 is answered by choosing 1 of the following: always, most of the time, sometimes, rarely,
or never, based on the last 4 weeks. Responses for each of the 8 questions of the PPEQ
were reported descriptively in the ENVISION trial. No literature was identified that assessed
the PPEQ for validity, reliability, or responsiveness in patients with porphyria. No MID was
identified in populations with AHP.

Hospitalization and Health Care Use

Hospitalization and health care use were reported indirectly through reporting of porphyria
attacks, namely those leading to hospitalizations or urgent health care visits. These outcomes
were previously described under frequency of porphyria attacks.

Ability to Work or Attend School

In Study 003, the ability to work or attend school was reported as the number of missed days
of work or school due to porphyria symptoms or attacks in the past 4 weeks and summarized
descriptively.
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ALA, PBG, and Porphyrin Levels

Study 003 reported urinary ALA levels and PBG levels during the study. Spot urine samples for
ALA and PBG measurement were collected at study visits before treatment dosing; however,
if hemin was used for an attack, scheduled urinary ALA and PBG were collected 4 days after
the patient’s last hemin dose. If feasible and permitted by local regulations, urine samples for
ALA and PBG assessments may have been collected by a home health care professional, sent
to the study centre by mail, or brought to the study centre at the next visit. For analysis in the
trial, urinary ALA levels were reported at 3 months and 6 months, and PBG was reported at 6
months. Measurements of ALA or PBG that were taken up to 3 days following hemin use were
treated as missing and excluded from analysis.

Mortality
Mortality was not reported as an efficacy outcome in Study 003.

Harms

Safety outcomes reported included the incidence, severity, seriousness, and relatedness

of AEs over the 6-month DB period in patients with any AHP. Porphyria attacks were

reported as efficacy outcomes; therefore, they were not treated as AEs or SAEs. However,
non—porphyria-related AEs during porphyria attacks were reported. Other AEs of special
interest were reported, and these included ALT elevations greater than 3 times the ULN,
lipase or amylase greater than 3 times the ULN, severe or serious injection-site reactions, and
anaphylactic reactions.

Statistical Analysis
Primary Outcome

The primary outcome of the pivotal trial was annualized rate of porphyria attacks requiring
hospitalization, urgent health care visit, or IV hemin administration at home in patients with
AIP over the 6-month DB period. The definitions used for the 3 types of attacks included in the
primary outcome are summarized in the Outcomes section. The AAR was calculated using
the following formula:

AAR = (total number of porphyria attacks + total number of days in the treatment
period) x 365.25

Power Calculation

The study planned to enrol at least 74 patients, including 70 with AIP. It was estimated

that 70 patients would yield 90% power to detect a 45% reduction in the AAR at a 2-sided
5% significance level, with the following assumptions: a mean AAR of 8, an SD of 5 in the
placebo group, and a mean AAR of 4.4 with an SD of 3 in the givosiran group. The study was
also designed to have at least 80% power with a dropout rate of up to 15% under the same
assumptions that have been described.

Statistical Test or Model

A summary of the statistical testing methodology is presented in Table 9. The primary
analysis was conducted in the mFAS, which included only patients with AIP from the FAS.
A negative binomial regression model was used for the primary analysis, which included
stratification factors for patients with AIP as fixed effects — namely, the use of a hemin
prophylaxis regimen before the study (yes versus no) and historical AAR (high versus low).
The logarithm of the amount of time (in units of years) that each patient spends in the
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6-month DB period was included in the model as an offset variable to account for the different
lengths of follow-up time among patients. An estimated ratio of mean AARs between the
givosiran and placebo groups with corresponding 95% CI based on the negative binomial
regression model was reported. Data were not imputed for the primary analysis of AAR.
Descriptive statistics for the AAR were also reported.

Each of the 3 components of the primary outcome or AAR were analyzed similarly to the
primary analysis. A zero-inflated negative binomial regression model was also used to
analyze each component to address the potential issue of an “excessive” number of patients
with zero attacks. A model-based analysis would not be conducted if fewer than 10 patients
experienced an attack.

Secondary Outcomes
Secondary outcomes were conducted in the mFAS unless otherwise specified.

Annualized event rate type end points were analyzed in the same way as the primary analysis
of AAR. This included the annualized rate of administered hemin doses in patients with AIP
and AAR in patients with any type of AHP (in the FAS) over the 6-month DB treatment period.
Data were not imputed for any of these outcomes.

The biomarker outcomes (urinary ALA and PBG) were analyzed and reported as the LS
mean difference between treatment groups at 3 months and 6 months for urinary ALA, and
at 6 months for urinary PBG. The analysis of biomarker end points involved a comparison
between treatment groups using a mixed-effects model for repeated measures (MMRM), with
the baseline biomarker level as a continuous covariate, stratification factors, visit, treatment,
and visit by treatment as fixed effects, and patient as a random effect. Measurements of
urinary ALA or PBG within 3 days after hemin use were treated as missing and excluded
from analysis. The SF-12 scores were also analyzed as a change from baseline at month 6
using an MMRM model with baseline score as a continuous covariate, and treatment group,
stratification factors, visit (month 3 or month 6), and visit by treatment interaction as fixed
effects. Missing data for biomarker outcomes and the SF-12 were implicitly imputed through
the use of the MMRM model.

Daily worst scores for pain, fatigue, and nausea were measured using the BPI-SF NRS, BPI-SF
NRS, and an NRS, respectively, and reported through electronic patient diaries. The changes
from baseline in weekly mean scores were reported, as well as the AUC from baseline over
6 months. An ANCOVA model was used to compare the AUC change from baseline between
treatment groups. The ANCOVA model included fixed effects of treatment arms and the

2 stratification factors. Weekly mean scores were derived from an average of daily scores
for a completed week, defined by the completion of at least 4 daily diary entries. A missing
week was defined as a week with at least 4 missing entries. If an attack occurred during the
missing week, a mean weekly score was computed if there was at least 1 entry. If no entries
were reported, the weekly mean score was imputed using the average of all non-missing
attack-week weekly mean scores if there were available data; if not, the weekly mean score
was imputed by the worst weekly mean scores within the same treatment period for the
patient. In a missing week without any attack days, the weekly mean score was imputed
using the last observed non-missing week without any attack days, if available; if not, the
baseline observation carried forward was imputed.
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Exploratory Outcomes

All secondary end points defined for the patients with AIP were analyzed for the patients with
AHP using similar methods. Continuous exploratory end points in patients with AIP included
the EQ-5D-5L index score, which was analyzed using an MMRM model similar to the model
used for the PCS of the SF-12. The remainder of the outcomes were reported descriptively,
which included the PGIC at month 6 and month 12, missed days of work or school at month
6, PPEQ, patient responses to each of the EQ-5D domains, and analgesic medication use.

Testing Strategy

The primary analysis was conducted at a 2-sided significance level of 0.049, reflecting a
penalty of 0.007 for an unblinded interim analysis. To control for the overall type | error rate,
a fixed-sequence, hierarchical testing strategy was implemented. If the primary analysis was
statistically significant, then the secondary end points were tested at the same significance
level of 0.049 in the order-specified testing hierarchy. Statistical testing was not conducted
following failure to reject the null hypothesis at an early end point within the hierarchy;
however, nominal P values were reported. Statistical tests were conducted according to the
following hierarchy:

- urinary ALA levels in patients with AIP at 3 months
- urinary ALA levels in patients with AIP at 6 months
- urinary PBG levels in patients with AIP at 6 months

- annualized rate of administered hemin doses (evaluated by annualized days of hemin use)
in patients with AIP over the 6-month DB period

- annualized rate of porphyria attacks requiring hospitalization, urgent health care visit, or IV
hemin administration at home in patients with any AHP over the 6-month DB period

« daily worst pain score as measured by BPI-SF NRS in patients with AIP over the 6-
month DB period

- daily worst fatigue score as measured by BFI-SF NRS in patients with AIP over the
6-month DB period

- daily worst nausea score as measured by NRS in patients with AIP over the
6-month DB period

- change from baseline in the PCS of the SF-12 in patients with AIP at 6 months.

Interim Analysis

A preplanned, unblinded interim analysis of patients’ ALA levels at 3 months was conducted
when approximately 30 patients with AIP had completed at least 3 months of the treatment
period. The significance level for the comparison at the interim was 0.001 (2-sided).

Subgroup Analyses

The following subgroups were included in the CADTH systematic review protocol: AHP
subtype (AIP, ADP, HCP, VP) and frequency and history of attacks. Study 003 included pre-
specified subgroup analyses of the primary outcome, using similar methods as the primary
analysis, for the following subgroups:

- age at screening (< or = median age in the overall population)
- race (White or non-White)
- sex (female or male)
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» region group 1: North America (including the US and Canada) or other (outside

North America)

- region group 2: Europe or other (outside Europe)

- baseline body mass index (< 25 or = 25)

Table 9: Statistical Analysis of Efficacy End Points (Study 003, 6-Month DB Treatment Period)

End point?

Statistical model

Adjustment factors

Sensitivity analyses

Primary analysis: AAR

Negative binomial regression,
including amount of time
spent in the 6-month DB
period as an offset variable

Fixed effects: stratification
factors

Scenario-based sensitivity
analyses:

+ Counting all discrete attacks

+ Counting attacks using a
2-day window

+ All investigator-confirmed
attacks

+ All porphyria attacks,
counting potential attacks

+ Anderson-Gill model:
Treating attacks as
recurrent events

Per-protocol analysis

Biomarker end points

+ Urinary ALA level at 3
months

« Urinary ALA level at 6
months

« Urinary PBG at 6 months

MMRM with corresponding
biomarker level at baseline as
a continuous covariate

Fixed effects: stratification
factors, visit, treatment, and
visit by treatment

Random effects: patient

For ALA-related end points,

if the dropout rate is 5%

or greater in the givosiran
treatment group, sensitivity
analyses will be performed
using a pattern mixture model
approach

Annualized-event-rate type end | Same as primary analysis; i.e., | Same as primary analysis NA
points negative binomial regression,
. Annualized rate of including amount of time
administered hemin doses spgn‘ijln the 6-;?onth D'Bbl
+ AAR in patients with any period as an offset variable
type of AHP (in the FAS)
Daily worst scores for ANCOVA Fixed effects: treatment arms | NA
+ Pain through BPI-SF NRS and stratification factors
« Fatigue through BFI-SF NRS
+ Nausea through NRS
SF-12, PCS MMRM with baseline score as | Fixed effects: treatment group, | NA
a continuous covariate stratification factors, visit, and
visit by treatment interaction
EQ-5D-5L Similar to the SF-12, PCS Similar to the SF-12, PCS NA

AAR = annualized attack rate; AHP = acute hepatic porphyria; ALA = aminolevulinic acid; ANCOVA = analysis of covariance; BFI-SF = Brief Fatigue Inventory — Short Form;
BPI-SF = Brief Pain Inventory — Short Form; DB = double blind; EQ-5D-5L = EuroQol 5-dimension questionnaire; FAS = full analysis set; MMRM = mixed-effects model for
repeated measures; NA = not applicable; NRS = numeric rating scale; PBG = porphobilinogen; PCS = Physical Components Summary; SF-12 = 12-item Short Form Health
Survey.

2End points were analyzed in patients with AIP (mFAS) unless otherwise indicated.

Source: Clinical Study Report.®
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« prior hemin prophylaxis status (yes or no)

« historical attack rates before randomization based on the hemin prophylaxis status before
the study (high or low)

- for patients on a hemin prophylaxis regimen at the time of screening, if AAR = 7, the patient
is considered having high attack rates before the study; for patients who were not on a
hemin prophylaxis regimen at screening, AAR > 12 is considered with high attack rates

- prior chronic opioid use when not having attacks (yes or no)
« prior chronic symptoms when not having attacks (yes or no).

Anticipating that there would be only a few non-AIP patients, the sponsor planned to report
only descriptive statistics for these patients. The sponsor also reported that other subgroups,
or subgroup analyses of other secondary end points, might be conducted.

For the purpose of this review, subgroup analyses by historical attack rates were presented
as per the systematic review protocol. Additionally, all outcomes presented in this review
were reported in the mFAS where available, in alignment with the subgroup for AHP subtypes
outlined in the systematic review protocol.

Sensitivity Analyses
The following sensitivity analyses were conducted on the primary end point:

+ To account for undercounting attacks, a sensitivity analysis counting all discrete attacks
was conducted. For investigator-confirmed attacks requiring hospitalization, urgent health
care visit, or IV hemin administration at home, all discrete attacks were counted even if
they overlapped during a day.

- To account for overcounting attacks, a sensitivity analysis was conducted where attacks
were counted using a 2-day window. More specifically, the attack-counting window was
extended from a 1-day to a 2-day window for investigator-confirmed attacks requiring
hospitalization, urgent health care visit, or IV hemin administration at home. This meant
that attacks that occurred on the same calendar day, or were separated by 1 calendar day,
were counted as 1 attack.

+ A sensitivity analysis was conducted using all investigator-confirmed attacks, which
included all attacks requiring hospitalization, urgent health care visit, or IV hemin
administration at home in addition to attacks treated at home not requiring hemin use.

+ A sensitivity analysis was conducted that included all porphyria attacks, counting potential
attacks. More specifically, both investigator-confirmed attacks and attacks that were not
confirmed by the investigator but were deemed to be potential attacks were included.
Duplicates and attacks due to entry errors were excluded.

+ A sensitivity analysis was conducted in which attacks were treated as recurrent events
through the Andersen-Gill model. The primary porphyria attack composite end point was
analyzed using an Andersen-Gill model by treatment group and stratification factors (prior
hemin prophylaxis status and historical attack rates).

« Lastly, the primary porphyria attack composite end point was analyzed based on the
per-protocol analysis set.
Protocol Deviations

Major protocol deviations were deviations that were considered to have potentially had
a significant impact on the data collected in the study, or to have significantly affected a
patient’s rights, safety, or well-being. The sponsor reported a designated plan for handling
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protocol deviations. Briefly, whether or not to exclude a patient from the per-protocol set was
based on the sponsor’s judgment of the potential impact on the primary efficacy results.

Analysis Populations

The FAS included all randomized patients who received at least 1 dose of study drug. Patients
were grouped by the treatment group to which they had been randomized.

An mFAS was used in Study 003, which followed the same definition as the FAS except that
only randomized patients with AIP identified by a mutation in the HMBS gene were included.

The per-protocol set included all randomized patients with AIP (with identified mutation in the
HMBS gene) who received at least 4 doses (> 60%) of the study drug during the 6-month DB
period, were followed for the collection of attack data through 6 months (= 162 days) and did
not experience major protocol deviations that could affect the primary efficacy results (e.g.,
not meeting the key inclusion or exclusion criteria). Patients were analyzed according to their
randomly assigned treatment groups.

The safety analysis set included all patients who received at least 1 dose of the study drug,
grouped according to the treatment actually received. Of note, patients who received any
amount of givosiran during the 6-month DB period were included in the givosiran arm.

Results

Patient Disposition

A summary of the patient disposition in Study 003 is available in Table 10. A total of 109
patients were screened, and 94 were randomized to receive either givosiran or placebo. A total
of 89 (95%) of randomized patients had AIP, and 5 (5%) had non-AlP types of AHP. One patient
had HCP and was randomized to givosiran; 2 patients had VP, with 1 randomized to givosiran
and 1 randomized to placebo; and 2 patients had AHP without an identified mutation. Both
were randomized to placebo. No patients with ADP were enrolled in the study. All randomized
patients completed the 6-month DB treatment period. Overall, 1 patient discontinued from
study due to an AE. This patient was randomized to the placebo treatment group and had
non-AlP AHP.

Nineteen major protocol deviations among 6 patients were reported. The study drug was
administered with unmasked syringes at 1 study site, resulting in protocol deviations for 4
patients. Two patients did not meet the inclusion criteria, despite enrolment in the study,
which also resulted in protocol deviations.

Exposure to Study Treatments

Exposure to study treatments is summarized in Table 11. The mean duration of exposure

to treatment was 5.5 months for patients with AHP in the givosiran and placebo treatment
groups. For patients with AIP, the mean durations of exposure to treatment were 5.6 months
and 5.5 months for patients in the givosiran and placebo treatment groups, respectively.

In patients with AIP. 8% and 2% of patients in the givosiran and placebo treatment groups,
respectively, missed 1 treatment dose, and 1 patient in the givosiran treatment group missed
2 doses; the rest of the patients with AIP did not miss any doses. Reasons for missed doses
were summarized by the sponsor. Three patients in the givosiran treatment group and 1
patient in the placebo treatment group missed their doses because the study visit could not
be scheduled within the dose window. The fourth patient in the givosiran treatment group
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missed 1 dose because their week 2 study visit was documented as month 1. One patient
in the givosiran treatment group missed 2 doses because givosiran was withheld due to
transaminase elevations after they had received 4 doses.

The proportion of patients with missing doses was similar for patients with AHP.

Concomitant medication use during the 6-month DB period is summarized in Table 12.
Concomitant medication use was reported by almost all patients with AHP (i.e., 95% of

Table 10: Patient Disposition (Study 003, 6-Month Double-Blind Period, FAS)

Patients with AIP All patients with AHP
Givosiran Placebo Givosiran Placebo
Screened, N NR 109
Randomized, N? (%) 46 (100) 43 (100) 48 (100) 46 (100)
Discontinued from study, N (%) 0 0 0 1(2.1)

Reason for discontinuation, N (%)

Adverse events 0 0 0 1(2.1)
FAS, N NA NA 48 46
mFAS, N 46 43 NA NA
PPS,N NA NA 46 42
Safety, N NA NA 48 46

ADP = aminolevulinic acid dehydratase-deficient porphyria; AHP = acute hepatic porphyria; AIP = acute intermittent porphyria; FAS = full analysis set; HCP = hereditary
coproporphyria; NR = not reported; mFAS = modified full analysis set; NA = not applicable; PPS = per-protocol set; VP = variegate porphyria.

2Randomization was stratified by AHP type: AIP with genetic evidence of mutation in the HMBS gene vs. non-AlP (HCP, VP, ADP, or any AHP without an identified mutation
in a porphyria-related gene). Patients with AIP were further stratified by prophylactic hemin use at screening and historical annualized attack rate (low vs. high).

Source: Clinical Study Report.®

Table 11: Exposure to Study Treatments (Study 003, 6-Month Double-Blind Period, SAS)

Patients with AIP All patients with AHP

Givosiran Placebo Givosiran
Parameter N =46 N =43 N =48

Total duration of exposure (months)

Mean (SD) 5.57 (0.20) 5.51 (0.15) 5.51 (0.45) 5.50 (0.15)
Median (range) 5.52 (5.310 6.4) 5.52 (5.310 6.0) 5.52(2.710 6.4) 5.52 (5.310 6.0)

Patients with missing doses, n (%)

No missing dose | | | |
1 missing dose | | | |
2 missing doses | | | [ |

AHP = acute hepatic porphyria; AIP = acute intermittent porphyria; SD = standard deviation.
Source: Clinical Study Report.®

CADTH Reimbursement Review Givosiran (Givlaari) 58



CADTH

patients receiving givosiran and 100% of patients receiving placebo). Among the most
commonly reported concomitant medications used during the study (by therapeutic class),

a difference in concomitant use of at least 10% between treatment groups was reported

for the following classes of medications (in patients treated with givosiran versus placebo,
respectively): natural opium alkaloids (46% versus 70%), other heme products (46% versus
74%), electrolyte solutions (10% versus 24%), fluoroguinolones (8% versus 20%), other opioids
(8% versus 22%), solutions affecting the electrolyte balance (6% versus 17%), corticosteroids
(4% versus 15%), vitamin D and analogues (25% versus 13%), and other antidepressants (19%
versus 9%). Overall and differential concomitant medication use among patients with AIP
was similar to the overall patient population (patients with AHP). Additionally, concomitant
use of GNRH was reported by 2 patients in the givosiran treatment group and 2 patients in the
placebo treatment group. All patients who used GnRH concomitantly were patients with AIP,

Efficacy

Only those efficacy outcomes and analyses of subgroups identified in the review protocol are
reported in this section. See Appendix 3 for detailed efficacy data.

Frequency of AHP Attacks
A summary of outcomes related to the frequency of porphyria attacks is provided in Table 13.

The results described herein are for patients with AIP using the mFAS unless otherwise
stated. Based on the definition of porphyria attacks used for the primary end point, which
included attacks that required hospitalization, an urgent health care visit, or IV hemin
administration at home, patients with AIP reported a total of 83 and 284 porphyria attacks

in the givosiran group and placebo group, respectively, over the 6-month treatment period.
Among patients in the givosiran group, 50.0% did not report a porphyria attack with the
6-month treatment period, compared to 16.3% of patients receiving placebo. The mean AAR
based on the composite end point was 3.22 (95% Cl, 2.25 to 4.59) and 12.52 (95% Cl, 9.35 to
16.76) for patients in the givosiran group and placebo group, respectively. This corresponded
to a rate ratio of 0.26 (95% Cl, 0.16 t0 0.41; P < 0.001) or a 74% reduction in the rate of
porphyria attacks for patients in the givosiran group relative to patients receiving placebo.

When only considering attacks requiring hospitalization, the mean AAR was 1.65 (95% Cl,
0.98 t0 2.78) and 3.21 (95% Cl, 0.98 to 5.20) for patients in the givosiran and placebo groups,
respectively. This corresponded to a rate ratio of 0.57 (95% Cl, 0.25to 1.04) or a 49% rate
reduction in porphyria attacks requiring hospitalization. The mean AAR for attacks requiring
an urgent health care visit was 1.22 (95% Cl, 0.73 to 2.05) and 7.53 (95% Cl, 5.13 to 11.05)
for patients in the givosiran and placebo groups, respectively, corresponding to an 84% rate
reduction (rate ratio = 0.16, 95% Cl, 0.09 to 0.31). Lastly, a total of 3 attacks required IV hemin
administration at home for patients in the givosiran group, while 32 attacks required this for
patients in the placebo group.

The AAR for patients with at least 1 attack and the number of porphyria attacks treated at
home without IV hemin were also reported (Table 13). Porphyria attacks that occurred at
home that did not require IV hemin accounted for 19 of the 102 porphyria attacks reported in
the givosiran group and for 14 of the 298 attacks reported in the placebo group for patients
with AIP. The numbers of porphyria attacks that occurred at home that did not require IV
hemin were similar between treatment groups for all patients with AHP (19 for givosiran, 20
for placebo).
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Table 12: Concomitant Medications (6-Month Double-Blind Period, SAS)

Patients with AIP All patients with AHP

Givosiran Placebo Givosiran Placebo
Concomitant medication N =46 N =43 N =48 N =46

Concomitant medication use

Patient-reported use of at least 1 44 (95.7) 43 (100.0) 46 (95.8) 46 (100.0)
concomitant medication, n (%)

Most commonly reported concomitant

medications (by anatomical therapeutic

class),® n (%)

Anilides 24 (52.2) 24 (55.8) 26 (54.2) 25 (54.3)
Natural opium alkaloids 21 (45.7) 32 (74.4) 22 (45.8) 32 (69.6)
Other heme products® 21 (45.7) 33(76.7) 22 (45.8) 34 (73.9)
Serotonin (5HT3) antagonists 17 (37.0) 19 (44.2) 18 (37.5) 20 (43.5)
Benzodiazepine derivatives 16 (34.8) 14 (32.6) 16 (33.3) 14 (30.4)
Propionic acid derivatives 12 (26.1) 14 (32.6) 13(27.1) 15(32.6)
Proton pump inhibitors 12 (26.1) 9 (20.9) 13 (27.1) 10 (21.7)
Other analgesics and antipyretics 11 (23.9) 12 (27.9) 12 (25.0) 12 (26.1)
Vitamin D and analogues 11 (23.9) 6 (14.0) 12 (25.0) 6 (13.0)
Solutions for parenteral nutrition 9(19.6) 14 (32.6) 10 (20.8) 16 (34.8)
Heparin group 8(17.4) 9(20.9) 9(18.8) 9(19.6)
Osmotically acting laxatives 7(15.2) 5(11.6) 9(18.8) 7 (15.2)
Other antidepressants 8(17.4) 4(9.3) 9(18.8) 4(8.7)
Contact laxatives 7(15.2) 6 (14.0) 8(16.7) 6 (13.0)
Other antiemetics 6(13.0) 8(18.6) 7(14.6) 8(17.4)
Other antihistamines for systemic use 5(10.9) 6 (14.0) 6(12.5) 7 (15.2)
Electrolyte solutions 4(8.7) 10 (23.3) 5(10.4) 11 (23.9)
Phenylpiperidine derivatives 5(10.9) 8(18.6) 5(10.4) 8(17.4)
Propulsives 4(8.7) 9 (20.9) 5(10.4) 9 (19.6)
Fluoroquinolones 4(8.7) 7(16.3) 4(8.3) 9(19.6)
Other opioids 4(8.7) 10 (23.3) 4(8.3) 10 (21.7)
Solutions affecting the electrolyte balance 3(6.5) 8(18.6) 3(6.3) 8(17.4)
Corticosteroids 2(4.3) 5(11.6) 2(4.2) 7 (15.2)

5HT3 = 5-hydroxytryptamine; AHP = acute hepatic porphyria; AIP = acute intermittent porphyria; SAS = safety analysis set.
aFrequency = 15% in any treatment group.

bIncluded the use of heme arginate, hematin, and hemin.

Source: Clinical Study Report.®
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All of the outcomes described previously were also measured for all patients with AHP (FAS),
which yielded results similar to those reported for patients with AIP.

The average number of attacks based on the composite end point, per patient per month over
the 6-month treatment period, is presented in Figure 4 and Figure 5 for all patients with AHP
and for patients with AIP, respectively. Briefly, the average number of attacks per patient per
month was approximately 1 for patients receiving placebo and fewer than 0.6 for patients
receiving givosiran over the 6-month treatment period in patients with AIP (Figure 4). The
results for all patients with AHP were similar to the results reported for patients with AIP
(Figure 5).

Sensitivity Analyses

Sensitivity analyses were only conducted on the primary analysis, annualized rate of porphyria
attack in patients with AIP (Table 14).

Subgroup Analyses

The AAR based on the composite end point was reported by historical attack rates as a
subgroup (Appendix 3, Figure 21 and Figure 22). Based on the mFAS, for patients with AIP and
a high historical attack rate (n = 43), the rate ratio for givosiran compared to placebo was 0.27
(95% Cl, 0.16 to 0.46). For patients with AIP and a low historical attack rate (n = 46), the rate
ratio for givosiran compared to placebo was 0.23 (95% Cl, 0.09 to 0.56). The comparison of
givosiran to placebo in the FAS corresponded to a rate ratio of 0.29 (95% Cl, 0.18 to 0.47) for
patients with a high historical attack rate (n = 45) and a rate ratio of 0.23 (95% Cl, 0.09 to 0.56)
for patients with a low historical attack rate (n = 49).

Health-Related Quality of Life

Study 003 evaluated HRQoL using the SF-12, EQ-5D-5L, and PGIC. The results for these
outcomes are available in Table 15; categorical domain-level results for the EQ-5D-5L are
available in Appendix 3.

The PCS of the SF-12 was the only HRQoL outcome included as a secondary outcome

in Study 003; the rest were exploratory outcomes. In patients with AIR, the change from
baseline in the PCS score at month 6 was an LS mean of 5.37 (95% Cl, 3.05 to 7.69) for the
givosiran treatment group and 1.43 (95% Cl, —=1.00 to 3.86) for the placebo treatment group.
The between-groups difference in the LS mean for givosiran compared to placebo was 3.94
(95% Cl,0.59 to 7.29; P = 0.0216); however, the P value cannot be interpreted due to a prior
failure in the hierarchical testing strategy. The change from baseline in the MCS was reported
descriptively. At month 6 in patients with AIP in the givosiran treatment group, the mean
change from baseline was 3.66 (SD = 10.08), and for patients in the placebo treatment group,
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Table 13: Porphyria Attacks (6-Month Double-Blind Period, FAS and mFAS)

Patients with AIP

Givosiran
N =46

Placebo
N =43

CADTH

All patients with AHP

Givosiran

Placebo

Porphyria attacks

Annualized rate of porphyria attack?

N =48

N =46

Composite end point: attacks requiring hospitalization, an urgent health care visit, or IV hemin administration at home

Total number of attacks 83 284 90 297
Total follow-up time (years) 21.5 19.9 22.4 21.2
Number of patients with 0 attacks, n (%) 23 (50.0) 7 (16.3) 24 (50.0) 8(17.4)

Median AAR (IQR)

1.04 (0 to 6.23)

10.68 (2.24 to 26.09)

1.04 (0 to 6.35)

10.65 (2.24 to 25.93)

Mean AAR (95% CI)

3.22 (2.25 to 4.59)

12.52 (9.35 to 16.76)

3.35(2.37 to 4.74)

12.26 (9.22 t0 16.29)

Rate ratio (95% Cl), givosiran vs. placebo

0.26 (0.16 o 0.41)

0.27 (0.17 t0 0.43)

P value <0.001 - <0.001 -
Attacks requiring hospitalization
Total number of attacks 43 68 50 69

Mean AAR (95% CI)

1.65 (0.98 0 2.78)

3.21 (1.98 to 5.20)

1.74 (1.04 t0 2.92)

3.06 (1.90 to 4.94)

Rate ratio (95% Cl), givosiran vs. placebo

0.51 (0.25 to 1.04)

0.57 (0.28 to 1.15)

Attacks requiring urgent health care visit

Total number of attacks

37

184

37

196

Mean AAR (95% CI)

1.22 (0.73 to 2.05)

7.53 (5.13 to 11.05)

1.19 (0.72 to0 1.97)

7.51 (5.21 t0 10.83)

Rate ratio (95% Cl), givosiran vs. placebo

0.16 (0.09 to 0.31)

0.16 (0.08 to 0.30)

Attacks requiring IV hemin administration at home

Total number of attacks® 3 ‘ 32 3 32
AAR for patients with at least 1 attack
n 23 ‘ 35 24 38
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All patients with AHP

Givosiran Placebo Givosiran Placebo
Porphyria attacks N =46 N =43 N =48 N =46
Median AAR (IQR) 6.23 (2.17 t0 11.20) 13.28 (6.56 t0 26.89) 6.35(2.95t013.17) 13.28 (6.64 10 26.73)
Mean AAR (SEM) 7.78 (1.26) 17.11 (2.20) 8.09 (1.25) 16.96 (2.11)
All porphyria attacks,® n
All attacks | | | |
Attacks treated at home without IV hemin | | | |

AAR = annualized attack ratio; AHP = acute hepatic porphyria; AIP = acute intermittent porphyria; Cl = confidence interval; IQR = interquartile range; SEM = standard error of the mean; vs. = versus .

aThe rates, rate ratio, corresponding 95% Cl, and P value for comparing givosiran 2.5 mg/kg vs. placebo were derived using the negative binomial regression model with treatment group and stratification factors (prior hemin

prophylaxis status and historical attack rates) as fixed effects and the logarithm of the follow-up time as an offset variable. The negative binomial regression analysis was not performed when fewer than 10 patients in a treatment

group reported an attack.

bAs outlined in the statistical analysis plan, a model-based analysis was not conducted because fewer than 10 patients experienced an attack.
°Includes porphyria attacks included in the composite end point (attacks requiring hospitalization, urgent health care visit, IV hemin administration at home) in addition to attacks treated at home without IV hemin.

Source: Clinical Study Report.®
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it was 1.30 (SD = 8.54). A between-groups comparison was not reported. The change from
baseline to month 6 in each of the domains of the SF-12 is provided in patients with AIP in
Figure 6. The PF, RR, BR, and GH domains contribute to the PCS. The LS mean differences
between givosiran and placebo was 1.4 (95% Cl, -2.0t0 4.7), 4.4 (95% Cl,1.310 7.5), 7.2 (95%
Cl,3.2t011.2),and 3.3 (95% Cl, —0.7 to 7.2) for each of these domains, respectively. VT, SF,
RE, and MH contribute to the MCS, and had an LS mean difference of 17 (95% Cl, =2.0 to 5.5),
5.1 (95% Cl, 1.6 t0 8.7), 1.4 (95% Cl, —2.5 t0 5.2), and 2.8 (95% Cl, —0.9 to 6.4), respectively.

In terms of the EQ-5D-5L index for patients with AIP, the LS mean change from baseline
at month 6 was IEG_—_—_—_—_—_—_M for the givosiran treatment group, and IEG—G_—_—_—__———

Figure 4: Average Number of Attacks (Composite End Point) per
Patient per Month (6-Month Double-Blind Period, mFAS)
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Figure 5: Average Number of Attacks (Composite End Point) per
Patient per Month (6-Month Double-Blind Period, FAS)
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Table 14: Sensitivity Analysis of Porphyria Attacks (6-Month Double-Blind Period, FAS)

Patients with AIP

Givosiran
Analysis N =46

Annualized rate of porphyria attack (composite end point)
|
|
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| | |
| |
| ]
|
-— —— E——
| | |
| |
| ]
|
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| | |
| |
| ]
.|
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| ]
|
|| | |
-— — —

CADTH Reimbursement Review Givosiran (Givlaari) 65



CADTH

Patients with AIP

Givosiran Placebo
Analysis N =46
| | ‘ .|
| |
|| ]

IP = acute intermittent porphyria; FAS = full analysis set. I

Source: Clinical Study Report.®

I for the placebo treatment group, which corresponded to a between-groups difference of
I Using the VAS of the EQ-5D-5L, the LS mean change from baseline at
month 6 was IEG_G———T—— o d NN for the givosiran and placebo treatment
groups, respectively. The between-groups difference at month 6 in the EQ-5D-5L VAS was
I

Lastly, the PGIC was assessed at month 6 as the change in patient status since the start of
the study. For patients with AIP, 88.9% of those in the givosiran group and 37.1% of those in
the placebo group reported their status as improved since the start of the study. Further, in
the givosiran treatment group, 1 (2.8%) patient reported no change, 2 (5.6%) patients reported
that their status was minimally worse, and 1 (2.8%) patient reported that their status was

very much worse. In the placebo treatment group, 42.9% of patients reported no change in
their status, 6 (17.1%) reported that their status was minimally worse, and 1 (2.9%) reported
that their status was much worse. The proportion of patients who reported an improvement
in their status was compared between the 2 treatment groups. An odds ratio of 13.5 (95% Cl,
3.90 to 47.03) for the givosiran group compared to placebo was reported for patients with AIP.

All of the outcomes described previously were also reported for all patients with AHP and
were consistent with the results for patients with AIP.

Management of Symptoms

The change in self-reported assessments of pain, fatigue, and nausea based on an NRS were
secondary outcomes in Study 003. The results are presented in Figure 16.

Based on the pre-specified ANCOVA model, the LS mean for the AUC of change from baseline
in weekly mean daily worst pain scores at 6 months in patients with AIP corresponded to a
treatment-group difference of =12.7 (95% Cl, =25.5t0 0.2; P = 0.053). A post hoc reanalysis
of this outcome using a non-parametric test was conducted following a demonstration

of deviation from normality. In patients with AIP, the medians of the AUC of change from
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Table 15: HRQoL Outcomes at Month 6 (6-Month Double-Blind Period, mFAS and FAS)

HRQoL outcome
PCS of SF-122

Patients with AIP

Givosiran
N =46

Placebo
N =43

CADTH

All patients with AHP

Givosiran
N =48

n at baseline 46 42 48 45
Baseline, mean (SD) 39.43 (9.61) 38.42(9.45) 39.47 (9.83) 38.10 (9.82)
n at month 6 45 42 47 46

LS mean (SEM) change from baseline at month 6 5.37(1.17) 1.43(1.22) 5.15(1.16) 1.46 (1.19)
95% ClI 3.05t0 7.69 -1.00t0 3.86 2.85t07.45 -0.90to0 3.83
Difference in LS mean (SEM), givosiran — placebo 3.94(1.68) - 3.69 (1.65) -

95% ClI 0.59t07.29 - 0.41106.96 -

P value 0.0216¢ - 0.0280¢ -

MCS of SF-12

n at baseline 46 42 48 45
Baseline, mean (SD) 40.41 (8.10) 41.04 (10.08) 39.90 (8.30) 41.75 (10.29)
n at month 6 45 42 47 45
Mean (SD) change from baseline at month 6 3.66 (10.08) 1.30 (8.54) 3.57 (9.87) 0.42 (9.54)
EQ-5D-5L index?

n at baseline | | | |
Baseline, mean (SD) ] ] ] ]
n at month 6 | | | |

LS mean (SEM) change from baseline at month 6 ] ] ] I
95% ClI ] | | |
Difference in LS mean (SEM), givosiran — placebo ] - ] -

95% ClI | - | -

P value I - ] -
EQ-5D-5L VAS®

n at baseline | | | |
Baseline, mean (SD) ] ] ] ]
n at month 6 | | | |

LS mean (SEM) change from baseline at month 6 I | | |
95% ClI | | | |
Difference in LS mean (SEM), givosiran — placebo ] - ] -

95% ClI | - | —
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Patients with AIP

CADTH

All patients with AHP

Givosiran Placebo Givosiran Placebo

HRQoL outcome N = 46 N =43 N =48 N = 46

P value ] - ] -

PGIC score at month 6¢

Patient status since the study start

n 36 35 37 38

Improved, n (%) 32 (88.9) 13 (37.1) 33(89.2) 14 (36.8)
Very much improved 10 (27.8) 0 10 (27.0) 0
Much improved 12 (33.3) 7 (20.0) 12 (32.4) 7 (18.4)
Minimally improved 10 (27.8) 6(17.1) 11 (29.7) 7 (18.4)

No change or worsening, n (%) 4(11.1) 22 (62.9) 4(10.8) 24 (63.2)
No change 1(2.8) 15 (42.9) 1(2.7) 16 (42.1)
Very much worse 1(2.8) 0 1(2.7) 0
Much worse 0 1(2.9) 0 2 (5.3)
Minimally worse 2 (5.6) 6(17.1) 2 (5.4) 6(15.8)

Odds ratio (95% Cl), givosiran vs. placebo 13.5(3.90 to 47.03) 14.1 (4.14 t0 48.35)

P value <0.001¢ <0.001¢

AHP = acute hepatic porphyria; AIP = acute intermittent porphyria; Cl = confidence interval; EQ-5D-5L = EuroQol 5-Dimensions 5-Levels questionnaire; FAS = full analysis set;
HRQoL = health-related quality of life; LS = least squares; MCS = Mental Component Score; mFAS = modified full analysis set; MMRM = mixed-effects model for repeated
measures; PCS = Physical Component Score; PGIC = Patient Global Impression of Change; SD = standard deviation; SEM = standard error of the mean; SF-12 = 12-item
Short Form Health Survey; VAS = Visual Analogue Scale.

aThe LS means, treatment differences in LS means, corresponding SEMs, and 95% Cls and P values for comparing 2.5 mg/kg givosiran vs. placebo were derived using the
MMRM model with the corresponding value at baseline as a continuous fixed covariate, stratification factors (prior hemin prophylaxis status and historical attack rates),
visit, treatment, and treatment-by-visit interaction as fixed effects, and patient as a random effect.

"The LS means, treatment differences in LS means, their corresponding SEMs, and 95% Cls and P value for comparing givosiran 2.5 mg/kg vs. placebo were derived
using the MMRM model with the corresponding value at baseline as a continuous fixed covariate, stratification factors (prior hemin prophylaxis status and historical
attack rates), visit, treatment, and treatment-by-visit interaction as fixed effects, and patient as a random effect. Visit was fitted as a categorical variable, and the variance
covariance matrix was assumed to be unstructured. A Kenward Roger approximation was used to estimate denominator degrees of freedom.

°The P value was calculated from a Mantel-Haenszel chi-square test.

9The P value cannot be interpreted due to a failure at a prior step in the hierarchical testing strategy.

eReported P values should be interpreted as nominal.

Source: Clinical Study Report.®

baseline in weekly mean score for daily worst pain over the 6-month treatment period

were =11.5 (IQR = =29.2 t0 3.0) and 5.3 (IQR = -23.1 to 11.2) for the givosiran and placebo
treatment groups, respectively. The median of the treatment-group difference for givosiran
compared to placebo was —10.1 (95% Cl, —22.8 t0 0.9; P = 0.0455). The average change from
baseline in weekly mean score for daily worst pain over the 6-month treatment period was
-0.5(95% Cl, =1.0 to 0.1). Both the median of the AUC and the median of the average change
from baseline in the weekly mean score for daily worst pain correspond to a reduction in pain
for the givosiran treatment group and an increase in pain for the placebo treatment group.

For the assessment of daily worst fatigue score over the 6-month treatment period in patients
with AIP, the means of the AUC of the change from baseline were —=11.2 (95% CI, -=20.1 to
—-2.2)and 4.2 (95% Cl, =13.5 to 5.1) for patients in the givosiran and placebo treatment
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groups, respectively. These corresponded to a treatment-group difference for givosiran
compared to placebo of —6.4 (95% Cl, =19.8 to 6.0; P = 0.2876). The treatment-group
difference in LS mean for the average change from baseline in weekly mean score was —0.32
(95% Cl, —0.90 t0 0.25; P = 0.2698).

In patients with AIR, the AUC of the change from baseline in weekly mean scores for daily
worst nausea over the 6-month treatment period were an LS mean of 1.5 (95% Cl, =5.1 to
8.1) in the givosiran group and —4.0 (95% Cl, =10.9 to 2.9) in the placebo group. The between-
groups difference in LS mean for givosiran compared to placebo was 5.5 (95% Cl, =4.0 to
15.0; P = 0.2532). Based on the average change from baseline in weekly mean scores for
daily worst nausea, a treatment-group difference of 0.3 (95% Cl, 0.2 to 0.7; P = 0.2459) was
reported for the givosiran treatment group compared to placebo.

Assessments of pain, fatigue, and nausea over the 6-month treatment period were also
reported for all patients with AHP and were consistent with the results for patients with AIP.

Reduced Complications of AHP
Outcomes related to reduced complications of AHP were not reported in the included studies.

Rescue Medication Use

In Study 003, hemin was only permitted as a rescue medication for the treatment of acute
porphyria attacks and was reported as days of hemin use (Table 17). In patients with AIP, 54%
of patients in the givosiran group and 23% of patients in the placebo group reported zero days
of hemin use over the 6-month treatment period. The means of annualized days of hemin use
in the givosiran and placebo groups were 6.8 days (95% Cl, 4.2 to 10.9) and 29.7 days (95% Cl,
18.4 10 47.9), respectively. This corresponded to a 77% rate reduction in days of hemin use for
givosiran compared to placebo based on a rate ratio of 0.23 (95% Cl, 0.11 to 0.45; P < 0.007).

Figure 6: Difference Between Groups in Change From Baseline to
Month 6 in SF-12 Domain Scores (6-Month Double-Blind Period,
mFAS)

SF-12 Domain Givosiran - Placebo Difference a5%Cl
|

Physical Component Summary (PCS) g { 0B, 73)
Mental Component Summary (MCS) , - 1 21 {-1.7, 58)
Physical Functioning t i 14 (-20, 47)
Role Physical _— 4.4 (13, 75)
Bodily Pain t { T2 { 32, 112)
General Health I | 33 (07, 72)
Vitality | 1.7 (-20, 55)
Social Functioning 5 - 51 { 16, 87)
Role Emetional i 14 {-25, 52)
Mental Health : : I : : | : : : 28 {09, 64)
-4 -2 1] 2 4 i} 8 10 12
Favors Placebo Favors Givosiran

Cl = confidence interval; LS = least squares; MCS = Mental Component Summary; mFAS = modified full analysis set;
PCS = Physical Component Summary; SF-12 = 12-item Short Form Health Survey.

Source: Clinical Study Report.®
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Table 16: Pain, Fatigue, and Nausea Over 6 Months (6-Month DB Period, mFAS and FAS)

» o AlP

A patie A P

Givosiran Placebo Givosiran Placebo
N =46 N =43 N =48 46

BPI-SF: Pain numerical rating score, daily worst pain score®®

n

46 43

48 46

Baseline weekly mean score, mean (SD)

2.93 (2.34) 3.64 (2.23)

2.97 (2.30) 3.74(2.23)

AUC of change from baseline in weekly
mean score

Median (IQR)

-11.51 (-29.18 to
3.04)

5.29 (-23.05 to
11.15)

-7.80 (-28.329t0 | 2.31(-19.50to
3.583) 10.512)

Median of treatment difference (95% Cl),
givosiran — placebo

-10.07 (-22.83 t0 0.94)

-9.39(-21.0210 1.22)

P value 0.0455 0.0613¢

Average change from baseline in weekly

mean score

Median (IQR) -0.51(-1.31to 0.25(-1.02to -0.34(-1.2510 0.10 (-0.89 to
0.14) 0.47) 0.19) 0.46)

Median of treatment difference (95% Cl),
givosiran - placebo

-0.45 (~1.00 to 0.06)

-0.41 (~0.92 to 0.08)

P value 0.0493¢ 0.0658¢

BFI-SF: Fatigue numerical rating score, daily worst fatigue score®
n 46 43 48 46
Baseline weekly mean score, mean (SD) 4.02 (2.55) 4.68 (2.33) 4.13 (2.58) 4.70 (2.34)
AUC of change from baseline in weekly
mean score
LS mean (SEM) -11.15 (4.50) -4.21 (4.69) -10.46 (4.35) -3.68 (4.46)
95% ClI -20.10to —2.20 -13.53105.12 -19.10t0 -1.83 -12.54105.18
Eli:;rggce in LS mean (SEM), givosiran — ~6.94 (6.49) ~6.79 (6.19)
95% ClI -19.84 10 5.96 -19.09 to 5.51
P value 0.2876¢ 0.2759¢
Average change from baseline in weekly
mean score
LS mean (SEM) -0.50 (0.20) -0.18 (0.21) -0.47 (0.19) -0.16 (0.20)
95% Cl -0.90to -0.10 -0.60t0 0.23 -0.86 to -0.09 -0.55t00.24
Eli:;eéggce in LS mean (SEM), givosiran — ~0.32 (0.29) ~0.31(0.28)
95% ClI -0.90t0 0.25 -0.86t0 0.24
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Patients with AIP All patients with AHP
Givosiran Placebo Givosiran Placebo
P value | 0.2698¢ | 0.2590¢
Nausea numerical rating score, daily worst nausea score®
n 46 43 48 46
Baseline weekly mean score, mean (SD) 1.51 (1.70) 1.99 (1.85) 1.57 (1.70) 1.91 (1.84)
AUC of the change from baseline in
weekly mean score
LS mean (SEM) 1.48 (3.31) -4.01 (3.45) 1.60 (3.27) -3.00 (3.36)
95% ClI -5.10to 8.06 -10.88t0 2.86 -4.90 10 8.09 -9.67 10 3.68
Eli;?‘erggce in LS mean (SEM), givosiran — 5.49 (4.77) 4.59 (4.66)
95% ClI -4.00to 14.98 -4.66 10 13.84
P value 0.2532¢ 0.3266¢
Average change from baseline in weekly
mean score
LS mean (SEM) 0.07 (0.15) -0.18 (0.15) 0.07 (0.15) -0.14 (0.15)
95% ClI -0.23t00.36 -0.491t00.12 -0.221t00.36 -0.431t00.16
Eli;?erggce in LS mean (SEM), givosiran — 0.25(0.21) 0.21(0.21)
95% ClI -0.1710 0.67 -0.2010 0.62
P value 0.2459¢ 0.3192¢

AHP = acute hepatic porphyria; AIP = acute intermittent porphyria; AUC = area under the curve; BFI-SF = Brief Fatigue Inventory — Short Form; BPI-SF = Brief Pain Inventory
- Short Form; CI = confidence interval; DB = double blind; EQ-5D-5L = EuroQol 5-Dimensions 5-Levels questionnaire; FAS = full analysis set; IQR = interquartile range; LS
= |east squares; mFAS = modified full analysis set; SD = standard deviation; SEM = standard error of mean.

2Estimated using the Hodges-Lehmann method. The P value was estimated from stratified Wilcoxon test with stratification factors, prior hemin prophylaxis status, and
historical attack rates.

®Normality was assessed using a Q-Q plot and the Shapiro-Wilk test, which indicated that the data had a significant deviation from a normal distribution. Therefore, a
non-parametric analysis was conducted (stratified Wilcoxon test).

cAnalyzed using the ANCOVA model with treatment and stratification factors (prior hemin prophylaxis status and historical attack rates) as fixed effects, and the
corresponding weekly mean score at baseline as a covariate. Missing weekly mean scores were imputed.

9The P value has not been adjusted for multiple testing and should be interpreted as nominal.
¢The P value cannot be interpreted due to a failure at a prior step in the hierarchical testing strategy.
Source: Clinical Study Report.®

In patients with AHP, the reported use of hemin for the treatment of acute porphyria attacks
was similar to that for patients with AIP. In the givosiran and placebo groups, 54% and 26%
of patients had zero days of hemin use in the 6-month treatment period. The rate ratio for
annualized days of hemin use for givosiran compared to placebo was 0.26 (95% Cl, 0.13 to
0.52; P =0.0002).

Opioid Use
Opioid use was reported descriptively under analgesic medication use in Study 003 and has
been summarized in Table 18. In patients with AIP, the mean proportion of days with opioid

CADTH Reimbursement Review Givosiran (Givlaari) 71



CADTH

use was 23.3 days (SD = 35.3 days) for patients in the givosiran treatment group and 38.0
days (SD = 39.4 days) for patients in the placebo treatment group. The median proportion of
days with opioid use was 3.0 (Q1 to Q3: 0 to 38.5) and 10.8 (Q1 to Q3: 2.4 to 83.3) for patients
in the givosiran and placebo groups, respectively.

Over the 6-month treatment period, 67% and 88% of patients in the givosiran and placebo
groups, respectively, reported opioid use. Opioid use was also reported as the number of
patients with analgesic opioid use during months 1 to 3 and months 4 to 6. In the givosiran
treatment group, 63% of patients used opioids for pain between months 1 and 3, and 52%
used opioids for pain between months 4 and 6. In the placebo treatment group, 81% of
patients used opioids for pain between months 1 and 3, and 84% used opioids for pain
between months 4 and 6.

Analgesic use of opioids in patients with AHP were similar to those for patients with AIP
(Table 18).

Activities of Daily Living
Data for the PPEQ were reported descriptively.

Responses to the PPEQ at month 6 were reported in patients with AIP only (Figure 7) and
in all patients with AHP (Figure 8). Questions 1 through 7 of the PPEQ reflect the patient’s
response compared to before the start of study, and question 8 is based on the previous 4
weeks. Overall, a greater proportion of patients receiving givosiran answered “much better”
or “always” to all questions included the PPEQ compared to those receiving placebo. More
specifically, 33% to 36% of patients with AIP in the givosiran group (versus 6% to 14% of

Table 17: Hemin Use (6-Month Double-Blind Period, mFAS and FAS)

Annualized days of hemin use?®
All patients with AHP

Patients with AIP

Givosiran Placebo Givosiran Placebo

Total number of days of hemin use 195 583 227 587

Mean (SEM) 42(1.1) 13.6 (2.1) 47(1.2) 12.8 (2.0)
Total follow-up time (years) 21.5 19.9 22.4 21.2

Mean (SEM) 0.47 (0.0) 0.46 (0.0) 0.47 (0.0) 0.46 (0.0)
Patients with 0 days of hemin use, n (%) 25 (54.3) 10 (23.3) 26 (54.2) 12 (26.1)
Patients with = 1 days of hemin use, n (%) 21 (45.7) 33(76.7) 22 (45.8) 34 (73.9)
Mean annualized days of hemin use (95% CI) 6.8(4.2t010.9) | 29.7(18.4t047.9) | 7.4(4.51012.0) | 28.4(17.4t046.2)
'(?gastfé'glt)""g‘i’: :;'r‘::'\;zel‘;l‘;i‘éf)gf hemin use 0.23 (0.11 10 0.45) 0.26 (0.13 10 0.52)
P value < 0.001 0.0002°

AHP = acute hepatic porphyria; AIP = acute intermittent porphyria; Cl = confidence interval; SEM = standard error of the mean; vs. = versus .

2Analyzed using the negative binomial regression model with treatment group and stratification factors (prior hemin prophylaxis status and historical attack rates) as fixed
effects and the logarithm of the follow-up time as an offset variable.

The P value has not been adjusted for multiple testing and should be interpreted as nominal.

Source: Clinical Study Report.®
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patients in the placebo group) rated the following activities as being much better at month
6 compared at to the start of the study: travelling for more than 1 day for work or pleasure,
participating in social activities, planning future events, doing household chores, and
exercising moderately. The convenience of current porphyria treatment and patients’ overall
satisfaction with porphyria treatment were both rated as much better at month 6 compared
to the start of study by 74% of patients in the givosiran group compared to 9% and 15% of
patients in the placebo group for each of the 2 questions, respectively. For question 8, 43%
and 6% of patients in the givosiran and placebo groups, respectively, responded “always” to
whether the study drug helped them live more normal lives.

The proportion of patients who responded “much better” or “always” was similar between
patients with AIP and AHP.

Hospitalization and Health Care Use

Attacks requiring hospitalization or an urgent health care visit were reported in the Frequency
of AHP Attacks section.

Ability to Work or Attend School

Study 003 reported on days of missed work or school. The results for the number of missed
days in the past 4 weeks are presented in Table 19. In patients with AIP at baseline, the mean
reported numbers of missed days of work were 3.3 days (SD = 3.5 days) and 6.4 days (SD

= 6.5 days) for patients in the givosiran and placebo groups, respectively. At month 3, the
mean numbers of missed days of work were 2.4 days (SD = 3.9 days) and 4.8 days (SD = 6.8
days) for givosiran and placebo, respectively. At month 6, a mean of 2.4 days (SD = 6.8 days)
of missed work was reported in the givosiran treatment group, and a mean of 6.9 days (SD

= 8.0 days) was reported for placebo.

Among patients with AIP, 5 contributed to the evaluation of missed days of school. For all
patients with AHP, 6 patients contributed to this evaluation. In the givosiran group, the mean

Table 18: Opioid Use (6-Month Double-Blind Period, mFAS and FAS)

Opioid use

Patients with AIP All patients with AHP

Givosiran Placebo Givosiran Placebo
N =46 N =43 N =48 N =46

Proportion of days with opioid use
n 46 43 48 46
Mean (SD) 23.31(35.25) 38.02 (39.44) 23.06 (34.69) 35.54 (39.27)
Median (IQR) 3.01(0.00to 10.78 (2.351t0 3.01(0.00to 8.48 (1.78 to
38.46) 83.33) 36.49) 72.29)
Number of patients with opioid use, n (%)
Months 1 to 3 29 (63.0) 35(81.4) 30 (62.5) 35(76.1)
Months 4 to 6 24 (52.2) 36 (83.7) 25 (52.1) 36 (78.3)
Over the 6-month DB period 31(67.4) 38 (88.4) 32(66.7) 38 (82.6)

AHP = acute hepatic porphyria; AIP = acute intermittent porphyria; DB = double blind; IQR = interquartile range; SD = standard deviation.

Source: Clinical Study Report.®
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numbers of missed days of school at baseline, month 3, and month 6 were 7.3 days (SD
=11.8 days), 0 days, and 2.8 days (SD = 4.9 days), respectively, for patients with AIP. In the
corresponding placebo group, the mean numbers of missed days of school at baseline,

month 3, and month 6 were 3.5 days (SD = 0.7 days), 0.5 days (SD = 0.7 days), and 0 days,
respectively.

The results for the overall population of all patients with AHP were similar to those for
patients with AIP (Table 19).

Figure 7: Response to the PPEQ at Month 6 (6-Month Double-Blind
Period, mFAS)
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mFAS = modified full analysis set; PPEQ = Porphyria Patient Experience Questionnaire; Q = question.

Note: Questions 1 to 7 contained response options of much better, minimally better, no change, minimally worse, and
much worse. Question 8 had response options of always, most of the time, sometimes, rarely, and never.
Source: Clinical Study Report.®

Figure 8: Response to the PPEQ at Month 6 (6-Month Double-Blind
Period, FAS)
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FAS = full analysis set; PPEQ = Porphyria Patient Experience Questionnaire; Q = question.
Source: Clinical Study Report.®
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ALA, PBG, and Porphyrin Levels

Biomarkers for AHP, namely ALA and PBG, were analyzed in Study 003; the results are
presented in Table 20.

Table 19: Missed Work or School (6-Month Double-Blind Period, mFAS and FAS)

Patients with AIP

Givosiran
N =46

Placebo

All patients with AHP

Givosiran
N =48

Missed days N =43
Missed days of work for patients who had been employed in the past 4 weeks
Baseline
n 20 20 20 21
Mean (SD) 3.3(3.5) 6.4 (6.5) 3.3(3.5) 6.1 (6.5)
Median (range) 2.5(0to 10) 5.0 (0 to 28) 2.5(0to 10) 5.0 (0 to 28)
Month 3
n 19 20 19 21
Mean (SD) 2.4 (3.9) 4.8(6.8) 2.4 (3.9) 4.9 (6.7)
Median (range) 0(0to13) 2.5 (0 to 28) 0(0to13) 3.0 (0to 28)
Month 6
n 17 19 17 20
Mean (SD) 2.4 (6.8) 6.9 (8.0) 2.4 (6.8) 6.7 (7.8)
Median (range) 0 (0to 28) 5.0 (0 to 28) 0(0to 28) 5.0(0to 8)
Missed days of school for patients who had been attending school in the past 4 weeks
Baseline
n 3 2 4 2
Mean (SD) 7.3(11.8) 3.5(0.7) 6.3 (9.9) 3.5(0.7)
Median (range) 1.0 (0to 21) 3.531t04) 2.0 (0to 21) 3.5(3to4)
Month 3
n 2 2 3 2
Mean (SD) 0 0.5(0.7) 2.7 (4.6) 0.5(0.7)
Median (range) 0 050to1) 0.0(0to8) 0.5(0to1)
Month 6
n 4 1 5 1
Mean (SD) 2.8(4.9) 0 2.8(4.2) 0
Median (range) 0.5(0to 10) 0(0to0) 1.0(0to 10) 0(0to0)

AHP = acute hepatic porphyria; AIP = acute intermittent porphyria; SD = standard deviation.

Source: Clinical Study Report.®
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For patients with AIP at baseline, the mean levels of urinary ALA were 19.97 mmol/mol Cr (SD
=16.80 mmol/mol Cr) and 17.52 mmol/mol Cr (SD = 10.89 mmol/mol Cr) in the givosiran
and placebo groups, respectively. At month 3, the LS mean change from baseline in urinary
ALA levels were 1.76 mmol/mol Cr (95% ClI, —=1.05 to 4.57) for givosiran and 19.97 mmol/mol
Cr (95% Cl, 17.03 to 22.90) for placebo, which corresponded to a between-groups difference
of =18.21 (95% Cl, =22.26 to —14.16; P < 0.001) in favour of givosiran. At month 6, the LS
mean of the change from baseline in urinary ALA levels was 4.01 mmol/mol Cr (95% Cl,
-0.69 to 8.72) for givosiran and 23.15 mmol/mol Cr (95% Cl, 18.09 to 28.21) for placebo,
corresponding to a between-groups difference of =19.14 mmol/mol Cr (95% Cl, =26.04 to
-12.24; P < 0.0017) in favour of givosiran as well.

In patients with AIR, urinary levels of PBG at baseline were 50.36 mmol/mol Cr (SD = 34.33
mmol/mol Cr) and 46.80 mmol/mol Cr (SD = 24.32 mmol/mol Cr) for patients in the givosiran
and placebo groups, respectively. At month 6, the LS mean of the change from baseline in
urinary PBG was 12.97 mmol/mol Cr (95% Cl, 3.66 to 22.15) for the givosiran group and 49.11
mmol/mol Cr (95% Cl, 39.24 to 58.98) for the placebo group. The between-groups difference
in urinary PBG at month 6 for givosiran compared to placebo was —36.20 mmol/mol Cr (95%
Cl, = 49.71 to — 22.70; P < 0.001) in favour of givosiran.

Post hoc non-parametric tests were conducted for urinary ALA and PBG levels following
demonstration of a significant deviation from the normal distribution. The median urinary ALA
levels and PBG levels for patients in the givosiran and placebo groups are presented by month
in patients with AIP (Figure 9 and Figure 10). Based on the median measured at each month,
levels of urinary ALA and PBG were consistent over the 6-month treatment period following
month 1. The results of the non-parametric tests were consistent with the results of the
pre-specified analyses presented in Table 20.

Overall, the results of urinary ALA and PBG levels in patients with AIP were similar for all
patients with AHP.

Subgroup Analyses

Assessments of urinary ALA levels were analyzed by subgroups reflecting the historical
frequency of attacks, or by patients with a high AAR versus a low AAR.

In patients with AIP and a high AAR, baseline levels of ALA were 24.35 mmol/mol Cr (SD
=21.47 mmol/mol Cr) and 19.67 mmol/mol Cr (SD = 8.10 mmol/mol Cr) in the givosiran and
placebo groups, respectively. The changes from baseline at months 3 and 6 were 2.47 mmol/
mol Cr (95% Cl, —=1.74 t0 6.68) and 6.43 mmol/mol Cr (95% Cl, —2.37 to 15.22), respectively,
for the givosiran group and 23.58 mmol/mol Cr (95% Cl, 19.06 to 28.09) and 28.84 mmol/
mol Cr (95% Cl, 18.81 to 38.87), respectively, for the placebo group. This corresponded to a
between-groups difference of =21.11 (95% Cl, =27.31 to —=14.90) at month 3 and-22.41 (95%
Cl, —35.87 to —8.96) at month 6.

In patients with AIP and a low AAR, baseline levels of ALA were 15.60 mmol/mol Cr (SD = 8.74
mmol/mol Cr) and 15.65 mmol/mol Cr (SD = 12.717 mmol/mol Cr) for patients in the givosiran
and placebo groups, respectively. The changes from baseline at month 3 and month 6 were
1.32 mmol/mol Cr (95% Cl, =2.27 to 4.91) and 1.84 mmol/mol Cr (95% Cl, —0.84 to 4.53),
respectively, for the givosiran group and 15.50 mmol/mol Cr (95% CI, 11.84 t0 19.17) and
14.06 mmol/mol Cr (95% ClI, 11.25 to 16.87), respectively, for the placebo treatment group.
This corresponded to a between-groups difference of =14.19 (95% CI, —=19.32 to —9.06) at
month 3 and —12.22 (95% Cl, —16.10 to —8.33) at month 6.
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The subgroup results for patients with AHP were similar to those discussed for patients with
AIP only (Table 21).

Table 20: AHP Biomarkers (6-Month Double-Blind Period, mFAS and FAS)

AHP Biomarker

Patients with AIP

Placebo
N =43

All patients with AHP

Givosiran
N =46

Urinary ALA levels (mmol/mol Cr)?

Givosiran
N =48

n 46 43 48 46
Baseline, mean (SD) 19.97 (16.80) 17.52 (10.89) 19.65 (16.61) 17.27 (10.80)
Month 3
LS mean (SEM) change from baseline at month 3 1.76 (1.41) 19.97 (1.48) 1.72(1.38) 19.36 (1.41)
95% Cl -1.05t0 4.57 17.03t0 22.90 -1.03t04.46 16.55t022.16
Difference in LS mean (SEM), givosiran - placebo -18.21 (2.04) -17.64 (1.97)
95% ClI -22.26to -14.16 -21.5510-13.73
P value <0.001 <0.001°
Month 6
LS mean (SEM) change from baseline at month 6 4.01 (2.35) 23.15(2.53) 3.93(2.27) 22.28 (2.39)
95% ClI -0.69 t0 8.72 18.09 to 28.21 -0.611t08.46 17.51 t0 27.04
Difference in LS mean (SEM), givosiran - placebo -19.14 (3.45) -18.35(3.29)
95% ClI -26.041t0 -12.24 -24.921t0-11.78
P value <0.001 <0.001°
Urinary PBG levels (mmol/mol Cr)?
n 46 43 48 46
Baseline, mean (SD) 50.36 (34.33) 46.80 (24.32) 49.00 (34.41) 45.39 (24.52)
Month 6
LS mean (SEM) change from baseline at month 6 12.91 (4.64) 49.11 (4.96) 12.45 (4.50) 47.70 (4.69)
95% ClI 3.66t022.15 39.24 t0 58.98 3.51t021.39 38.38 to 57.01
Difference in LS mean (SEM), givosiran — placebo -36.20 (6.79) -35.25 (6.48)
95% ClI -49.71 t0 —22.70 -48.1310 —22.36
P value <0.001 <0.001°

AHP = acute hepatic porphyria; AIP = acute intermittent porphyria; ALA = aminolevulinic acid; Cl = confidence interval; Cr = creatinine; FAS = full analysis set; LS = least
squares; mFAS = modified full analysis set; MMRM = mixed-effects model for repeated measures; PBG = porphobilinogen; SD = standard deviation; SEM = standard error of

the mean.

2Analyzed using an MMRM model with the corresponding value at baseline as a continuous fixed covariate, stratification factors (prior hemin prophylaxis status and
historical attack rates), visit, treatment, and treatment-by-visit interaction as fixed effects, and patient as a random effect.

The P value has not been adjusted for multiple testing and should be interpreted as nominal.

Source: Source: Clinical Study Report.®
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Mortality
Mortality was not reported as an efficacy outcome in Study 003.

Harms

Only those harms identified in the review protocol are reported here. See Table 22 for
detailed harms data.

Figure 9: Median (IQR) Urinary ALA Levels Over Time During the
6-Month Double-Blind Period in Patients With AIP (mFAS)
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Figure 10: Median (IQR) Urinary PBG Levels Over Time During the
6-Month Double-Blind in Patients With AIP (mFAS)
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Table 21: Subgroup Analyses by Historical High or Low AAR — Urinary ALA Levels by Frequency of

Attacks (6-Month Double-Blind Period, mFAS and FAS)

Givosiran Placebo Givosiran Placebo
N =46 N =43 N =48 46

AlD

All pa

A »

High AAR®
n 23 20 24 21
Baseline, mean (SD) 24.35(21.47) 19.67 (8.10) 23.47 (21.43) 19.83 (7.93)
Month 3
LS mean (SE) change from baseline at month 3 2.47 (2.08) 23.58 (2.23) 2.44 (2.02) 22.96 (2.16)
95% ClI -1.7410 6.68 19.06 to 28.09 -1.631t06.52 18.61 10 27.32
Difference in LS mean (SE), givosiran — placebo -21.11 (3.07) -20.52 (2.96)
95% Cl -27.3110 -14.90 (-26.50 to —14.54)
Month 6
LS mean (SE) change from baseline at month 6 6.43 (4.34) 28.84 (4.95) 6.246 (4.157) 27.82 (4.71)
95% Cl -2.37t015.22 18.81 to 38.87 -2.17t0 14.66 18.30 to0 37.35)
Difference in LS mean (SE), givosiran-placebo -22.41 (6.63) -21.58 (6.32)
95% ClI —35.871t0 -8.96 -34.361t0 -8.79
Low AAR?
n 23 23 24 25
Baseline, mean (SD) 15.60 (8.74) 15.65 (12.71) 15.83 (8.63) 15.11 (12.47)
Month 3
LS mean (SE) change from baseline at month 3 1.32(1.78) 15.50 (1.82) 1.23(1.75) 15.08 (1.72)
95% ClI -2.27 10 4.91 11.841019.17 -2.30t0 4.77 11.6210 18.54
Difference in LS mean (SE), givosiran — placebo -14.19 (2.54) -13.84 (2.46)
95% Cl -19.32t0 -9.06 -18.79 to -8.90
Month 6
LS mean (SE) change from baseline at month 6 1.84(1.33) 14.06 (1.39) 1.79 (1.34) 13.73(1.34)
95% ClI -0.84 10 4.53 11.251t0 16.87 —-0.90t0 4.49 11.03 10 16.42
Difference in LS mean (SE), givosiran — placebo -12.22 (1.92) -11.94 (1.89)
95% Cl -16.10to —8.33 -15.75t0 -8.12

AAR = annualized attack rate; AHP = acute hepatic porphyria; AIP = acute intermittent porphyria; ALA = aminolevulinic acid; Cl = confidence interval; FAS = full analysis set;
LS = least squares; mFAS = modified full analysis set; MMRM = mixed-effects model for repeated measures; SD = standard deviation; SE = standard error; vs. = versus .
aThe LS means, treatment differences in LS means, their corresponding SEMs, and 95% Cls and P values for comparing 2.5 mg/kg givosiran vs. placebo were derived
using the MMRM model with the corresponding value at baseline as a continuous fixed covariate, stratification factors (prior hemin prophylaxis status and historical attack
rates), visit, treatment, and treatment-by-visit interaction as fixed effects, and patient as a random effect. A difference of < 0 represents a favourable outcome for 2.5 mg/

kg givosiran.
Source: Source: Clinical Study Report.®
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Adverse Events

Over the 6-month DB treatment period in patients with AIP, 89% of patients receiving givosiran
reported at least 1 AFE, as did 81% of patients receiving placebo. Overall, the most frequently
reported AEs in patients receiving givosiran versus placebo were nausea (28% versus 12%),
injection-site reaction (17% versus 0), headache (13% versus 16%), and urinary tract infection
(7% versus 14%). The following AEs were reported at least 5% more frequently in patients
treated with givosiran: nausea, injection-site reaction, chronic kidney disease, fatigue, increase
in ALT, decrease in glomerular filtration rate, and rash. The following AEs were reported at
least 5% more frequently in patients in the placebo group: urinary tract infection, vomiting,
back pain, pyrexia, and hypoesthesia. Reporting of AEs was comparable between patients
with AIP and AHP.

Serious Adverse Events

In patients with AIP, at least 1 SAE was reported by 17% (n = 8) of patients in the givosiran
group and 9% (n = 4) of patients in the placebo group over the 6-month treatment period. For
patients with AHP, 21% (n = 10) and 9% (n = 4) of patients in the givosiran and placebo groups,
respectively, reported at least 1 SAE. Among patients with AIR, infections and infestations
were reported more frequently in the placebo group (n = 3) than in the givosiran group (n = 1).
Chronic kidney disease was reported by 2 patients in the givosiran group and by no patients

in the placebo treatment group. Additionally, hypoglycemia, major depression, asthma, and

a surgical or medical procedure for pain management were each reported by 1 patient in the
givosiran group and by no patients in the placebo treatment group.

The frequencies of specific SAEs in patients with AHP was similar to those reported in
patients with AIP,

Withdrawals Due to Adverse Events

One patient from the givosiran group withdrew from treatment due to an AE. The patient
W discontinued treatment because of ALT elevation.

Mortality
No deaths were reported during the 6-month DB period of Study 003.

Notable Harms

Motor neuropathy, hepatocellular carcinoma, injection-site reactions, transaminase elevation,
and progression of renal impairment were included in the CADTH systematic review protocol
as notable harms. In patients with AIP, injection-site reactions and progression of renal
impairment were reported in 8 (17%) and 4 (9%) patients, respectively, in the givosiran group,
and by 0 patients in the placebo group. Increased ALT was reported by 4 (9%) patients
receiving givosiran and by 1 (2%) patient receiving placebo, while increased AST was reported
in 3 (7%) patients and 1 (2%) patient receiving givosiran and placebo, respectively. Three
(7%) patients in the placebo group reported motor neuropathy as an AE; none reported this
in the givosiran group. There were no cases of hepatocellular carcinoma reported during the
6-month treatment period. The frequency of notable harms was the same for patients with
AHP, with the exception of progression of renal impairment, which was reported in 5 (10%)
patients in the givosiran group.

CADTH Reimbursement Review Givosiran (Givlaari)

80



CADTH

Table 22: Summary of Harms (6-Month Double-Blind Period, SAS)

Patients with AIP Patients with AHP
Givosiran Placebo Givosiran Placebo
N =46 N =43 N =48 N =46
Patients with = 1 AE
Patients with = 1 AE, n (%) 41 (89.1) 35(81.4) 43 (89.6) 37 (80.4)
Most common events,? n (%)
Nausea 13 (28.3) 5(11.6) 13 (27.1) 5(10.9)
Injection-site reaction 8(17.4) 0 8(16.7) 0
Headache 6(13.0) 7 (16.3) 6 (12.5) 7 (15.2)
Chronic kidney disease 4(8.7) 0 5(10.4) 0
Fatigue 4(8.7) 2(4.7) 5(10.4) 2(4.3)
Abdominal pain 4(8.7) 3(7.0) 4(8.3) 3(6.5)
ALT increased 4(8.7) 1(2.3) 4(8.3) 1(2.2)
Nasopharyngitis 4(8.7) 3(7.0) 4(8.3) 3(6.5)
Upper respiratory tract infection 4(8.7) 3(7.0) 4(8.3) 3(6.5)
AST increased 3(6.5) 1(2.3) 3(6.3) 1(2.2)
Asthenia 3(6.5) 4(9.3) 3(6.3) 4(8.7)
Constipation 3(6.5) 2(4.7) 3(6.3) 2(4.3)
Device occlusion 3(6.5) 1(2.3) 3(6.3) 1(2.2)
Device-related infection 3(6.5) 3(7.0) 3(6.3) 3(6.5)
Decreased glomerular filtration rate 3(6.5) 0 3(6.3) 0
Rash 3(6.5) 0 3(6.3) 0
Tooth infection 3(6.5) 1(2.3) 3(6.3) 1(2.2)
Urinary tract infection 3(6.5) 6 (14.0) 3(6.3) 6 (13.0)
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Patients with AIP Patients with AHP
Givosiran Placebo Givosiran Placebo
Dizziness 2(4.3) 3(7.0) 2(4.2) 3(6.5)
Vomiting 2(4.3) 5(11.6) 2(4.2) 5(10.9)
Anxiety 1(2.2) 3(7.0) 1(2.1) 3(6.5)
Back pain 1(2.2) 4(9.3) 1(2.1) 4(8.7)
Increased lipase 1(2.2) 3(7.0) 1(2.1) 3(6.5)
Myalgia 0 2(4.7) 1(2.1) 3(6.5)
Pyrexia 1(2.2) 6 (14.0) 1(2.1) 6 (13.0)
Dyspepsia 0 4(9.3) 0 4(8.7)
Hypoesthesia 0 4(9.3) 0 4(8.7)
Patients with = 1 SAE
Patients with = 1 SAE, n (%) 8(17.4) 4(9.3) 10 (20.8) 4(8.7)
SAE by system organ class, n (%)®
General disorders and administration site
conditions 1(2.2) 1(2.3) 1(2.1) 1(2.2)
Pyrexia 1(2.2) 1(2.3) 1(2.1) 1(2.2)
Infections and infestations 1(2.2) 3(7.0) 2(4.2) 3(6.5)
Device-related infection 1(2.2) 2(4.7) 1(2.1) 2(4.3)
Escherichia urinary tract infection 0 1(2.3) 0 1(2.2)
Gastroenteritis 0 0 1(2.1) 0
Sepsis 0 1(2.3) 0 1(2.2)
Septic shock 0 1(2.3) 0 1(2.2)
Injury, poisoning and procedural
complications 0 1(2.3) 0 1(2.2)
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Patients with AHP

Placebo
N =46

Givosiran Placebo Givosiran
N =46 N =43 N =48

Fractured sacrum 0 1(2.3) 0 1(2.2)

Investigations 0 0 1(2.1) 0
Abnormal liver function test 0 0 1(2.1) 0

Metabolism and nutrition disorders 1(2.2) 0 1(2.1) 0
Hypoglycemia 1(2.2) 0 1(2.1) 0

Psychiatric disorders 1(2.2) 0 1(2.1) 0
Major depression 1(2.2) 0 1(2.1) 0

Renal and urinary disorders 2 (4.3) 0 2(4.2) 0
Chronic kidney disease 2(4.3) 0 2(4.2) 0

Respiratory, thoracic, and mediastinal

disorders 1(2.2) 0 1(2.1) 0
Asthma 1(2.2) 0 1(2.1) 0

Surgical and medical procedures 1(2.2) 0 1(2.1) 0
Pain management 1(2.2) 0 1(2.1) 0

Patients who stopped treatment due to AEs
n (%) 0 | 0 | 1(2.1) 0
Deaths
n (%) 0 | 0 | 0 0
Notable harms, n (%)

Motor neuropathy® 0 3(7.0) 0 3(6.5)

Hepatocellular carcinoma 0 0 0 0

Injection-site reactions 8(17.4) 0 8(16.7) 0
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Patients with AIP Patients with AHP
Givosiran Placebo Givosiran Placebo
N =46 N =43 N =48 N =46
Transaminase elevation
Increased ALT 4(8.7) 1(2.3) 4(8.3) 1(2.2)
Increased AST 3(6.5) 1(2.3) 3(6.3) 1(2.2)
Progression of renal impairment¢ 4(8.7) 0 5(10.4) 0

AE = adverse event; AIP = acute intermittent porphyria; AHP = acute hepatic porphyria; ALT = alanine transaminase; AST = aspartate transaminase; SAE = serious adverse event; SAS = Safety Analysis Set.
aFrequency = 5% in any treatment group.
"Reported by number of events rather than number of patients experiencing a SAE; therefore, the total number of events may be greater than the number of patients that experienced at least 1 SAE.

°Nerve compression and peripheral neuropathy were included under this notable harm. For patients with AIP and patients with AHP, 0 patients in the givosiran group and 3 patients in the placebo group reported motor neuropathy
(1 with nerve compression and 2 with peripheral neuropathy).

dProgression of renal impairment was not specifically reported; AEs in this category correspond to chronic kidney disease, reported as an AE.
Source: Clinical Study Report.®
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Critical Appraisal
Internal Validity

Randomization was conducted using an interactive response system, which is an adequate
method. Randomization was stratified by type of AHP (AIP versus non-AlP). Patients with AIP
were further stratified by prophylactic hemin use and high or low historical attack rate in the
12 months before randomization. More specifically, patients who used hemin prophylactically
before study entry were stratified by a historical AAR of fewer than 7 attacks versus 7

attacks or more. Patients who were not using hemin prophylactically before study entry were
stratified by a historical AAR of fewer than 12 attacks versus 12 attacks or more. Although
the sponsor reported that the cut-offs used for high and low historical AAR were based on
the EXPLORE study, the criteria used to define high and low historical annualized attack rates
were fairly arbitrary, according to the clinical experts; therefore, it is unclear how meaningful
the stratification was. Study 003 was a DB study, and efforts were made to maintain blinding;
however, injection-site reactions (which were reported solely in the givosiran group) offered
the potential for unblinding, as did higher rates of nausea. Additionally, a major protocol
deviation was reported for 4 patients who experienced a total of 17 instances of study drug
administration (givosiran or placebo) with a syringe that was not masked with a blinding strip
before study drug administration. However, this affected the givosiran and placebo groups
equally and is not expected to bias the results.

Despite a small sample size, the treatment groups were well balanced overall. Differences to
note include a slight difference in race, although feedback from the clinical experts indicated
that AHP does not present differently by race. On average, patients in the placebo group had
received a diagnosis of AHP more recently than patients in the givosiran group, by 3 years.
A greater proportion of patients receiving givosiran had a history of prophylactic hemin

use compared to those in the placebo group. Whether there would be a difference in the
level of disease control between the 2 treatment groups is uncertain. The treatment groups
differed in their history of medical conditions, including their history of peripheral neuropathy,
gastrointestinal disorders (constipation, gastroesophageal reflux disease, and nausea),
psychiatric disorders (depression and anxiety), and anemia. Feedback from the clinical
experts indicated that patients’ history of medical conditions may not be related to AHP. The
impact of these on outcomes such as daily worst nausea and HRQoL is unknown.

Overall dropout rates were extremely low. One patient with a non-AIP type of AHP who was
randomized to placebo withdrew from the study due to an AE (elevated ALT). Missing data
were not an issue for outcomes, and adherence was strong throughout the study. Among
patients with AIP, 89% and 98% of those randomized to the givosiran and placebo groups did
not miss a dose during the 6-month treatment period; adherence was similar among patients
with AHP. All of the reported missed doses were due to administrative and visit scheduling
issues, with the exception of 2 doses missed by 1 patient in the givosiran group, whose
treatment was withheld due to transaminase elevations after 4 doses.

The primary outcome in Study 003 was the annualized rate of porphyria attacks, which was

a composite end point that included attacks requiring hospitalization, urgent health care visit,
or IV hemin administration at home in patients with AIP during the 6-month DB period. Of
note, the sponsor indicated that “the analysis of the primary end point in patients with AIP
was to allow evaluation of efficacy in a homogenous population and because of the scarcity
of non-AlP subtypes compared to AIP"® The 3 components are objective measures of attacks;
therefore, they are unlikely to contribute to the misidentification of a porphyria attack. Further,
the sponsor noted that the 3-component primary end point was supported by results from the
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EXPLORE natural history study,® which demonstrated that the majority of porphyria attacks
were aligned with this definition.*® The primary end point excludes porphyria attacks that
occur at home that do not require IV hemin; however, a sensitivity analysis was conducted
that included all porphyria attacks, which was consistent with the primary analysis.

The components of the composite end point were reported descriptively. According to

the clinical experts, the definition used for a porphyria attack requiring hospitalization

was suggestive of an attack that is fairly severe. However, the experts also noted that
hospitalization of a patient and options for are determined by a physician and clinical practice,
which may have varied across study sites. The possibility of unblinding (previously described)
also had the potential to influence patient or physician beliefs around treatment. Despite the
observed variation in the rate reduction of attacks for each component, the ability to interpret
the individual components of the composite end point is limited by potential bias. However,
the estimates of effect for each of the components were in the same direction and not
expected to have substantially affected the overall composite outcome.

A number of patient-reported outcomes were included in Study 003, including the SF-12,
EQ-5D-5L, and PGIC to evaluate HRQoL; a single item of the BPI-SF, a single item of the BFI-SF,
and NRS for daily worst nausea to evaluate symptoms of AHP; and the PPEQ to evaluate
activities of daily living. With the exception of the PPEQ, patient-reported outcomes were
not validated in patients with AHP, and disease-specific MIDs were not available for most of
the outcomes; thus, the ability to appropriately evaluate the treatment effect based on these
outcomes was limited. The patient-reported outcomes are broadly used in clinical trials and
well validated for other populations, but evidence of validity of these for the use of the single
item for daily worst pain from the BPI-SF was not identified. The PPEQ is specific to patients
with porphyria; however, evidence of validity, reliability, responsiveness, or an MID was not
identified for this outcome. The remaining outcomes included in this review — namely, the
assessments of rescue medication use, opioid use, ability to attend work or school, and
urinary ALA and PBG — were objective and subject to few limitations.

Study 003 was adequately powered to detect a change in the primary outcome, and a
hierarchical testing procedure was employed to control for multiplicity among the secondary
end points. Most of the secondary end points included in the testing hierarchy were specific
to patients with AIP, with the exception of AAR in patients with AHP. Secondary outcomes
were also evaluated in all patients with AHP, but included as exploratory outcomes and
subject to substantial uncertainty. The statistical testing strategy stopped testing of the
remaining end points in the hierarchy following a test that was not statistically significant. In
Study 003, the results for daily worst pain were not statistically significant; therefore, nominal
P values whose significance cannot be interpreted were reported for daily worst fatigue, daily
worst nausea, and the change in PCS of the SF-12, which are clinically relevant outcomes
considered important to patients.

There were no missing data for the following outcomes: composite AAR, annualized rate

of hemin use, opioid usage. For ALA and PBG levels, 6% to 7% of data were missing; less
than 3% of data were missing for the SF-12 and EQ-5D-5L. Two patient-reported exploratory
outcomes, PGIC and PPEQ, were missing data for 20% of patients; according to the sponsor,
this was because these outcomes were added through an amendment to the protocol. Data
were imputed for missing patient-reported outcomes of pain, fatigue, and nausea following
a pre-specified algorithm describing the methods used to account for missing data. Of note,
missing data for up to 8% of patients for most of the DB period were unlikely to bias the
results, but data were missing for 30% of patients at the week 24 visit (month 6). A post hoc
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reanalysis of end points using a non-parametric Wilcoxon test was conducted for outcomes
that demonstrated a significant deviation from a normal distribution, namely daily worst pain,
urinary ALA levels, and urinary PBG levels. Although this was performed post hoc, a non-
parametric test was considered appropriate. Most of the outcomes included in the trials were
reported as a rate ratio or mean change from baseline. The assessments of pain, fatigue, and
nausea were conducted using the AUC to account for variability in symptoms for patients
with AHP, which was considered appropriate.

Additionally, a preplanned, unblinded interim analysis was conducted to ensure that the
study was adequately powered for the primary end point comparison at the final analysis.
The primary analysis and subsequent secondary analyses were conducted at a 2-sided
significance level of 0.049, reflecting a penalty of 0.001 for an unblinded interim analysis.

Subgroup analyses of the primary end point and urinary ALA secondary end point were pre-
specified. As noted, patients with AIP were stratified by historical AAR at baseline, although
the cut-offs used were arbitrary, according to the clinical experts. Rate ratios were calculated
for the subgroup analyses, but statistical tests were not conducted. Subgroup analyses were
not adjusted for multiplicity, and the trial was not powered to detect a difference based on the
subgroups. Cls were wide, but did not cross 0.

External Validity

Givosiran is indicated for the treatment of adults with AHP in Canada. The diagnostic criteria
used in the clinical trial were consistent with clinical practice, according to feedback from the
clinical experts. The pivotal trial was composed of patients with AIP and non-AlP types of
AHP, and was analyzed as such. In total, 95% of the study population were patients with AIP.
However, feedback from the clinical experts on this review indicated that the trial data applied
to all patients with AHP because of the mechanisms of action of givosiran and disease
pathology, which were not expected to result in a differential treatment effects by AHP type.
In terms of the study population being reflective of Canadian patients with AHP, the mean
age of patients in the pivotal trial was higher than that of patients seen in clinical practice; the
clinical experts described the average age of their patient population as between 20 years
and 30 years. Of note, patients at least 12 years of age were eligible to enrol in Study 003;
however, the patients who actually participated in Study 003 were 19 years or older and, as a
result, generalizable to the patient population under review. Another consideration regarding
the generalizability of the study population was that 41% to 48% of patients resided in Europe,
where there is a higher prevalence (and therefore greater awareness) of this rare disease.
The clinical experts relayed that because of the lack of available treatments for AHP, standard
of care for a patient with a diagnosis of AHP is unlikely to vary by region. However, this is
something to consider. The additional baseline characteristics and medical histories of the
study population were typical of Canadian patients living with AHP.

Based on the composite definition of porphyria attacks used for the primary end point, at
baseline, the median numbers of porphyria attacks in the 6 months before screening were
4 (range = 2 to 24) and 3 (range = 0 to 25) for patients with AIP randomized to givosiran
and patients with AIP randomized to placebo, respectively. According to the clinical experts,
patients in the study had a history of more frequent porphyria attacks than most patients
seen in clinical practice in Canada. The sponsor acknowledged this, stating that “the study
was enriched for attack frequency to ensure the ability to measure a difference in treatment
effect on the primary composite porphyria attack end point."® As a result, the change in the
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rate of porphyria attacks observed in each of the treatment groups in the trial may not be
generalizable to what would be expected in clinical practice.

The use of givosiran in Study 003 was aligned with the Health Canada—approved indication.
Although the indication for givosiran is broad, the clinical experts anticipated that it would
be used to prevent porphyria attacks rather than to treat acute attacks in clinical practice;
this aligns with its use in Study 003. Patients receiving prophylactic hemin were required to
discontinue its use before the study; screening for this occurred at least 4 days following
discontinuation. Patients who were receiving treatment with a GnRH analogue at screening
were permitted to enrol if they remained on GnRH treatment throughout the 6-month DB
period, but the number of patients using GnRH before enrolment was not reported. The use
of hemin (to treat acute attacks) and GnRH in the trial was consistent with standard of care
in clinical practice. The duration of treatment evaluated in the DB treatment period was 6
months, followed by an open-label treatment period of up to 29 months. The clinical experts
indicated that they would expect patients to remain on treatment unless there was a specific
safety or biological reason to discontinue it; therefore, a 6-month evaluation period is not
representative of the long-term use of givosiran in clinical practice. The duration of the trial
may limit the ability to evaluate the impact of givosiran on HRQoL and safety outcomes.

The outcomes of greatest importance to clinicians and patients were frequency of AHP
attacks, management of symptoms, and HRQoL, in addition to a reduction in side effects
from treatment. All of these outcomes were included in the pivotal trial in some capacity.
The clinical experts indicated that formal evaluation of HRQoL— through the use of
guestionnaires, for example — is not done in clinical practice, where HRQoL is evaluated
informally. In the study, patient-reported symptoms, such as pain, fatigue, and nausea,
were recorded using an electronic diary and measured using an NRS, which is also unlikely
in clinical practice but important to patients. The definitions used for AHP attacks were
consistent with those used in clinical practice.

Additionally, the clinical experts indicated that patients with a history of attacks related to AHP
are accustomed to facing scarce treatment options for an acute attack, and often tend to
treat their attacks symptomatically at home. Therefore, it is plausible that participation in the
clinical trial would increase patients’ access and attention to care and, in turn, their likelihood
of seeking care for acute attacks. This could affect the generalizability of the trial results to
clinical practice and has the potential to further inflate the reported attack rate.

Indirect Evidence

A focused literature search for network metanalyses dealing with porphyrias was runin
MEDLINE All (1946-) and Embase (1974k) through Ovid on March 24, 2021. No limits
were applied to the search. Indirect treatment evidence for givosiran was not identified in
this review.

Other Relevant Evidence

A phase | study, a phase I/1l study, a phase Il OLE study, and an expanded access program
(EAP) were included in the sponsor’s submission to CADTH and were considered to address
important gaps in the evidence included in the systematic review.

Study ALN-AS1-007 (007) and Study ALN-AS1-002 (002) provided additional information
and long-term data on the safety and tolerability of givosiran in adult patients with AIP. The

CADTH Reimbursement Review Givosiran (Givlaari) 88



CADTH

ENVISION ALN-AS1-003 study (Study 003 OLE) provides additional long-term evidence on
the safety and efficacy of givosiran in adult patients with AHP. Study ALN-AS1-005 (005) is
an EAP of givosiran for patients with AHP. Study 002 and Study 003 OLE were ongoing at the
time of this review.

Phase | (Completed) and Phase I/1l (Ongoing) Clinical Trials: Study ALN-
AS1-001 and Study ALN-AS1-002

Methods

Study 007 was a 3-part, multi-centre, placebo-controlled, phase | study of the safety and
tolerability of subcutaneous givosiran for the treatment of adults with AIP. Parts A, B, and C
were single-ascending dose, multiple-ascending dose, and multidose in design, respectively.
The adaptive design allowed for different dosing regimens and dose levels to be assessed
based on new safety, tolerability, and PD data. Study 001 was conducted at 6 sites in Great
Britain, Sweden, and the US. The study was initiated on May 6, 2015, and completed on
September 6, 2017. In total, 40 patients with AIP who are CHEs were randomized to parts

A and B (n = 23), while those with AIP who had recurrent attacks were randomized to

partC (n=17).

In all 3 parts, patients were randomized 3:1 to receive givosiran or placebo. Parts A and B

had 60-day screening periods before treatment was administered. Part A was single-blind,
single-ascending dose with 5 possible cohorts, where each cohort received a different dose
of givosiran. Patients in a cohort received a single administration of T dose of givosiran or
placebo. The following doses were assessed: 0.035 mg/kg, 0.10 mg/kg, 0.35 mg/kg, 1.0 mg/
kg, and 2.5 mg/kg, each administered to a different cohort. Patients who completed part A
could take part in a subsequent part A cohort or in part B if they met the eligibility criteria. Part
B was a single-blind, multiple-ascending dose, and patients received 2 injections over a 28-day
period of 1 of the following doses: 0.35 mg/kg givosiran, 1.0 mg/kg givosiran, or placebo.
Patients in parts A and B were followed for up to 6 weeks after the treatment period. Part C
was DB and multidose, and after the 168-day run-in period, patients received doses of 2.5 mg/
kg givosiran, 5.0 mg/kg givosiran, or placebo once monthly (4 injections total) or once every

3 months (2 injections total) for a 3-month period. Patients in part C were followed for up to 3
months after the treatment period. Patients who completed part C were able to participate in
Study 002, an OLE.

Study 002 was an ongoing, multi-centre, open-label, phase I/1l study of the long-term safety
and tolerability of subcutaneous givosiran for the treatment of adults with AIP who completed
part C of Study 001. Study 002 (N = 16) was conducted at 5 sites in Great Britain, Sweden,
and the US.%¢ The study began on October 24, 2016%; the data presented in this summary

are based on the interim report, with a cut-off date of December 13, 2018. Patients received
givosiran 2.5 mg/kg monthly or 5.0 mg/kg monthly or every 3 months until the safety review
committee assessed safety, tolerability, and efficacy data and agreed that all patients would
transition to receive the 2.5 mg/kg dose. Treatment duration was estimated to be up to 36
months, with the estimated total time in study with screening and baseline up to 44 months.

Figure 11, Figure 12, Figure 13, and Figure 14 outline the study designs for parts A, B, and C of
Study 007 and for Study 002, respectively.

Populations

The inclusion and exclusion criteria for studies 001 and 002 are outlined in Table 23. In
short, adults between 18 years and 65 years were eligible if they had a diagnosis of AIP.
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More specifically, patients in parts A and B were CHEs (and had experienced no porphyria
attacks within 6 months of the study), while those in part C had to have experienced at least
2 porphyria attacks in the 6 months before the run-in period. Patients in Study 002 must have
completed and tolerated the study drug dosing in Study 001, part C. Furthermore, patients
were to stop receiving prophylactic hemin during either Study 007 or Study 002. Table 24
summarizes the baseline characteristics of patients who received either placebo or givosiran
2.5mg/kg in Study 001 and all patients in Study 002.

In Study 001, part A, 3 patients received givosiran 2.5 mg/kg and 6 received placebo, while in
part C, 3 patients received givosiran 2.5 mg/kg and 4 received placebo. Briefly, patients who
were treated with givosiran 2.5 mg/kg had mean ages of 42 years (SD = 11.6 years) and 30

years (SD = 10.7 years) for Study 001, parts A and C, respectively. The majority of patients in

Figure 11: Design of Study 001, Part A
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Figure 12: Design of Study 001, Part B
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the 2.5 mg/kg cohort of Study 001 were female and White, with a mean body mass of 82.5
kg (SD = 10.45 kg) in part A and 84.5 kg (SD = 16.86 kg) in part C. Patients in the 2.5 mg/kg
cohort of part C had a mean of 14.7 attacks (SD = 18.9 attacks) in the 12 months before the
study. One-third of patients in the study were on prophylactic hemin.

Initially, patients could receive 2.5 mg/kg or 5.0 mg/kg of givosiran. Based on a review of

the safety data, it was later decided that all 16 patients were to receive 2.5 mg/kg. Baseline
characteristics for Study 002 were similar. Patients had a mean age of 37.4 years (SD = 12.0
years); 87.5% were female; 81.3% were White; and patients had a mean body mass of 75.84
kg (SD = 18.46 kg). Nearly all patients (93.8%) in Study 002 had experienced at least 1
porphyria attack in the 12 months preceding the study, with a mean of 13.0 attacks (SD = 13.1
attacks) during that time period. All had used hemin during an acute attack, and half had used
it prophylactically.

Interventions

In Study 001, patients received subcutaneous givosiran or placebo on an inpatient basis at the
study centre. For part A, a single administration of givosiran (0.035 mg/kg, 0.1 mg/kg, 0.35
mg/kg, 1.0 mg/kg, or 2.5 mg/kg) or placebo was given. In part B, patients received 2 monthly
doses of givosiran (0.35 mg/kg or 1.0 mg/kg) or placebo. For part C, patients received doses
of 2.5 mg/kg givosiran, 5.0 mg/kg givosiran, or placebo once monthly (4 injections total) or
once every 3 months (2 injections total) for a 4-month period.

Figure 13: Design of Study 001, Part C
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Figure 14: Design of Study 002
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Table 23: Summary of Inclusion and Exclusion Criteria for Studies 001 and 002

Study 001, parts A and B

Study 001, part C

Inclusion criteria

Study 002

+ Adult male or female patients between
18 years and 65 years, inclusive, who
were CHEs

« Diagnosis of AIR, defined as a genetic
test showing documentation of a
mutation in the PBGD (also called
HMBS) gene

Urine PBG level > 4 mmol/mol Cr during
the screening period

+ No clinically significant health concerns
as determined by medical history,
physical examination, and 12-lead ECG,
as judged by the investigator

Women of child-bearing potential
required a negative pregnancy test,
could not be breastfeeding, and had

to be willing to use an acceptable
method of contraception for a specified
time period before, during, and after
treatment.

+ Adult male or female patients between

18 years and 65 years, inclusive

+ Diagnosis of AIP, defined as a genetic

test showing documentation of a
mutation in the PBGD (also called
HMBS) gene

« Experiencing recurrent porphyria

attacks, defined as 1 of the following:

onot on a scheduled regimen of
prophylactic hemin at the start of the
run-in period and have experienced a
porphyria attack (defined as intense
abdominal or back pain requiring
hospitalization, hemin use, treatment
consisting of increased carbohydrate
intake and/or analgesic medication
[opioid and non-opioid] use) at least 2
times during the 6 months before the
initiation of the run-in period

oon a scheduled regimen of
prophylactic hemin at the start of
the run-in period and willing to stop
scheduled hemin use during the run-in
and treatment periods

+ Willing to mail urine samples collected

during an attack, if not being treated at
the study centre

« Women of child-bearing potential

required a negative pregnancy test,
could not be breastfeeding, and had

to be willing to use an acceptable
method of contraception for a specified
time period before, during, and after
treatment.

« Completed and tolerated study drug

+ Not on a scheduled regimen of

« Women of child-bearing potential

dosing in Study 001, part C

hemin to prevent porphyria attacks at
screening

required a negative pregnancy test,
could not be breastfeeding, and had
to be willing to use an acceptable
method of contraception for a
specified time period before, during,
and after treatment.
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Study 001, parts A and B

Study 001, part C

Exclusion criteria

CADTH

Study 002

+ Experienced an acute porphyria attack
(defined as intense abdominal or
back pain requiring hospitalization,
hemin use, or treatment consisting of
increased carbohydrate intake and/
or analgesic medication [opioid and
non-opioid] use) within 6 months of
study drug administration

Started a new chronic prescription
medication treatment regimen within 3
months of study drug administration

Any of the following: ALT and/or TBIL
above the ULN, confirmed by retest;
AST, ALP, or GGT > 2 x ULN, confirmed
by retest; or if AST, ALP, or GGT > ULN,
but < 2 x ULN, confirmed by retest and
considered clinically relevant by the
investigator

eGFR < 45 mL/min/1.73 m? (using the
MDRD formula) confirmed by retest

Use of a GnRH analogue within 30 days
of study drug administration

Active serious mental illness requiring
current pharmacological intervention

History of any of the following: multiple
drug allergies or allergic reactions

to an oligonucleotide or to GalNAc;
intolerance to SC injection; alcoholism
and/or drug abuse within 2 years of
study drug administration

Chemistry, hematology, and urinalysis

safety laboratory test results deemed
clinically significant by the investigator

Known HCV or HIV infection or evidence
of current or chronic HBV infection

Receipt of an investigational drug
within 3 months before administration
of study drug or participation in the
follow-up of another clinical study of an
investigational drug at the time of study
drug administration (note: this criterion
does not apply to patients in part A
rolling over to part B)

Any condition, according to the
investigator, that would make the patient
unsuitable for enrolment, participation,
or completion of the study

+ Any of the following: ALT and/or TBIL
above the ULN, confirmed by retest;
AST, ALP, or GGT > 2 x ULN, confirmed
by retest; or if AST, ALP, or GGT > ULN,
but < 2 x ULN, confirmed by retest and
considered clinically relevant by the
investigator

eGFR < 30 mL/min/1.73 m? (using the
MDRD formula) confirmed by retest

History of any of the following: multiple
drug allergies or allergic reactions

to an oligonucleotide or to GalNAc;
intolerance to SC injection; alcoholism
and/or drug abuse within 2 years of
screening visit

Known HCV or HIV infection or evidence
of current or chronic HBV infection

Receipt of an investigational drug
within 3 months before administration
of study drug or participation in the
follow-up of another clinical study of an
investigational drug at the time of study
drug administration

Any condition, according to the
investigator, that would make the patient
unsuitable for enrolment, participation,
or completion of the study

+ Any of the following: ALT = 2 x ULN

or TBIL = 2 mg/dL (unless due to
Gilbert's syndrome)

+ eGFR = 30 mL/min/1.73 m? (using

the MDRD formula)

+ History of multiple drug allergies

or allergic reactions to an
oligonucleotide or to GalNAc ligand

+ Receipt of an investigational drug,

other than givosiran, or participation
in the follow-up of another clinical
study of an investigational drug
within 90 days before study drug
administration

+ Any condition, according to the

investigator, that would make the
patient unsuitable for enrolment,
participation, or completion of the
study

AIP = acute intermittent porphyria; ALP = alkaline phosphatase; ALT = alanine aminotransferase; AST = aspartate aminotransferase; CHE = chronic high excreter; Cr
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= creatinine; ECG = electrocardiogram; eGFR = estimated glomerular filtration rate; GalNAc = N-acetylgalactosamine; GGT = gamma glutamyl transpeptidase; GnRH
= gonadotropin-releasing hormone; HBV = hepatitis B virus; HCV = hepatitis C virus; HMBS = hydroxymethylbilane synthase; MDRD = Modification of Diet in Renal Disease;
PBG = porphobilinogen, PBGD = porphobilinogen deaminase; SC = subcutaneous; TBIL = total bilirubin; ULN = upper limit of normal.

Source: Clinical Study Report for studies ALN-AS1-001 and ALN-AS1-002.%738

In Study 002, patients received subcutaneous givosiran 2.5 mg/kg monthly or 5.0 mg/kg
monthly or every 3 months. Data from Study 001 indicated that the 2.5 mg/kg and 5.0 mg/
kg doses both demonstrated acceptable safety and more stability in lowering delta-ALA
when administered monthly versus every 3 months. It was also noted that the higher dose

of givosiran did not confer any additional benefit in terms of lowering delta-ALA levels. As a
result, all patients receiving 5.0 mg/kg (monthly or every 3 months; n = 7) were transitioned to
the lower dose, such that all study patients were receiving 2.5 mg/kg monthly. This was the
dose used in the phase Il ENVISION study and the intended commercial dose.

Prophylactic hemin use was not permitted during either study, though hemin use was allowed
during acute attacks.

Outcomes

The primary outcomes of Study 0071 were the safety and tolerability of givosiran for the
treatment of patients with AIP who are CHEs or have recurrent attacks. Secondary end
points included pharmacokinetic (PK) and PD evaluations. Exploratory end points included
additional PD investigations and, for part C only, the number of porphyria attacks and hemin
doses, among other clinical activity measures. Porphyria attacks were reported as exploratory
efficacy end points rather than as AEs. Attacks were analyzed based on 2 definitions: all
attacks (comprising attacks requiring hospitalization, urgent health care visit, or hemin
administration at home, or attacks at home that did not require hemin administration); and
composite attacks (comprising attacks requiring hospitalization, urgent health care visit,

or hemin administration at home). The individual components of the attack rate were also
analyzed. The EQ-5D-5L was captured as an exploratory outcome, and harms data for AEs,
SAEs, WDAEs, and deaths were collected.

The primary outcomes of Study 002 were the long-term safety and tolerability of givosiran for
the treatment of patients with AIP and recurrent attacks. Secondary end points included PD
evaluations and clinical activity assessments. Exploratory end points included PK analyses,
HRQoL assessments, and biochemical investigations. The clinical activity of givosiran was
assessed by the frequency and characteristics of porphyria attacks and doses of hemin
administered. HRQoL was assessed using the EQ-5D-5L and BPI-SF.

Statistical Analysis

The sample size for Study 001 was not based on power calculations. The study planned

to enrol up to 64 patients. Summary statistics were presented for continuous data, and
event count data were summarized as annualized rates and SEM estimates. No inferential
statistical analyses were planned for safety assessments in the study. No imputations were
made for missing data. The safety population was the main analysis set used for evaluating
safety and clinical activity.

The sample size for Study 002 was not based on power calculations. It was made up

of patients who had completed Study 001, part C. No formal statistical analyses were
performed. Descriptive statistics were presented for continuous variables, while frequencies
and percentages were presented for categorical and ordinal variables. In Study 002, missing
continuous and categorical variables were not imputed unless otherwise specified, and
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Table 24: Summary of Baseline Characteristics in Studies 001 and 002 — Safety Population

Characteristic

Study 001, part A

Placebo
(N=6)

Givosiran
2.5 mg/kg
(N=3)

Demographics

Study 001, part C

Placebo
(N=4)

Givosiran

2.5 mg/kg QM

(N =3)

CADTH

Study 002

All givosiran
(N=16)

Age (years), mean (SD) 48 (11.6) 42 (11.6) 43 (13.6) 30(10.7) 37.4(12.0)
Age (years), median (range) 49 (3510 64) 36 (34 to 55) 42 (27 to 60) 28 (2110 42) 39.5(21 to 60)
Female, n (%) 5(83.3) 3 (100) 2 (50.0) 3 (100) 14 (87.5)
Body mass (kg), mean (SD) 80.9 (10.52) 82.5 (10.45) 91.4 (20.82) 84.5 (16.86) 75.84 (18.46)
Race, n (%)
White 5(83.3) 2 (66.7) 4(100) 3 (100) 13 (81.3)
Black 0(0) 0 (0) 0 (0) 0 (0) 2 (12.5)
Asian 1(16.7) 1(33.3) 0(0) 0 (0) 1(6.3)
Disease history?

Ea((t,/l;znts with porphyria attacks in past 12 months, NA NA 4(100) 2 (66.7) 15(93.8)
Required hospitalization, n (%) NA NA 2 (50.0) 1(33.3) 8 (50.0)
Treated at outpatient clinic or infusion centre, n (%) NA NA 4 (100) 1(33.3) 9 (56.3)
Treated at home, n (%) NA NA 0(0) 1(33.3) 5(31.3)

Number of attacks in past 12 months, mean (SD) NA NA 18.8 (21.0) 14.7 (18.9) 13.0(13.1)

z‘:::;':‘;r of attacks in past 12 months, median NA NA 10.0 (5 to 50) 8.0 (0 to 36) 10.0 (0 to 50)

Hemin use during attack, n (%) NA NA 4(100) 3 (100) 16 (100)

Hemin prophylaxis, n (%) NA NA 2 (50.0) 1(33.3) 8 (50.0)
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Study 001, part A Study 001, part C Study 002
Givosiran Givosiran

Placebo 2.5 mg/kg Placebo 2.5 mg/kg QM All givosiran
Characteristic (N=6) (N=3) (N=4) (N=16)

Other porphyria treatments, n (%)

Hormone suppression NA NA 0(0) 1(33.3) 4 (25.0)
High-carbohydrate diet NA NA 2 (50.0) 1(33.3) 7 (43.8)
Glucose infusions NA NA 2 (50.0) 2 (66.7) 10 (62.5)
Other NA NA 0(0) 2 (66.7) 4(25.0)
Self-treated at home, n (%)
Sugar water NA NA 0(0) 0(0) 2 (12.5)
High carbohydrates NA NA 2 (50.0) 1(33.3) 9 (56.3)
Opioid or narcotic analgesic medications NA NA 2 (50.0) 1(33.3) 9 (56.3)
Other NA NA 2 (50.0) 1(33.3) 9 (56.3)

NA = not applicable; QM = once monthly; SD = standard deviation.
aFor Study 002, before enrolment in Study 001 part C.
Source: Clinical Study Report for studies ALN-AS1-001 and ALN-AS1-002.3738
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no imputations were made for missing or partially missing dates. Interim analyses were
descriptive and did not involve formal hypothesis testing. The safety population was the main
analysis set used for evaluating safety and clinical activity.

Patient Disposition
The patient disposition for studies 001 and 002 is summarized in Table 25.

In Study 001, 49 individuals were screened, 40 of whom were randomized. Parts A and B had
a total of 23 unique patients where 20 patients and 16 patients made up the givosiran and
placebo groups, respectively. Three patients participated in both parts A and B, and 2 patients
took part in 2 different dose cohorts of part A. Each unique patient was only counted once

in each column of the summaries. Part C consisted of 17 patients, where 13 patients and

4 patients made up the givosiran and placebo groups, respectively. All patients completed
treatment in parts A and B, while 94.1% of patients in part C completed treatment. In the latter,
there was T WDAE when a patient in the givosiran 5.0 mg/kg group had a fatal SAE.

All 16 patients who completed Study 001, part C took part in Study 002. At the time of the
interim report, no patients had completed treatment, and 1 patient (6.3%) had discontinued
due to an AE.

The safety populations for studies 001 and 002 included all patients who received at least 1
dose of the study drug.

Exposure to Study Treatments

Table 26 summarizes the exposure to givosiran for Study 001, parts A and C and Study 002
for patients who received givosiran 2.5 mg/kg or placebo.

In Study 001, part A, patients received a single 2.5 mg/kg dose of either givosiran (n = 3) or
placebo (n = 5).

In Study 001, part C, patients received between 2 and 4 doses of either givosiran 2.5 mg/kg
monthly (n = 3) or placebo (n = 4), resulting in a mean exposure of 3.04 months (SD = 0.0) for
the cohort receiving givosiran 2.5 mg/kg monthly.

Table 25: Patient Disposition for Studies 001 and 002

Disposition Study 001, parts A and B Study 001, part C Study 002
Screened 49 NA2
Randomized, N (%) 23 (100) 17 (100) 16 (100)
Completed treatment, n (%) 23 (100) 16 (94.1) 0(0)
Withdrew from study, n (%) 0 1(5.9) 1(6.3)

Fatal SAE 0 1(5.9) 0

AE 0 0 1(6.3)
Safety analysis sets, n (%) 23 (100) 17 (100) 16 (100)

AE = adverse event; NA = not applicable; SAE = serious adverse event.
2Participants in Study 002 were patients who had completed Study 001, part C.
Source: Clinical Study Report for studies ALN-AS1-001 and ALN-AS1-002.3738
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Figure 15 outlines patients’ transitions from Study 001, part C to Study 002. Of the 16 patients
who rolled over from Study 001, part C, 12 had received givosiran and 4 had been given
placebo. Upon enrolment into Study 002, 9 patients were started on 2.5 mg/kg givosiran
monthly, while the other 7 patients began with either 5.0 mg/kg monthly (n = 3) or every 3
months (n = 4). After a review of the safety, tolerability, and efficacy data, it was agreed that all
patients would be transitioned to receive a 2.5 mg/kg dose. Overall, patients in Study 002 had
a mean of 16.29 months (SD = 5.06) of exposure to givosiran 2.5 mg/kg monthly and a mean
of 16 doses (SD = 5.7). Two patients (12.5%) missed 1 dose during the study.

Efficacy
PK and PD efficacy outcomes will not be discussed in this summary.

Table 27, Table 28, and Table 29 summarize porphyria attack outcomes, hemin use, and
HRQoL outcomes, respectively, in Study 001, part C and Study 002, with a focus on results for
patients who received givosiran 2.5 mg/kg monthly.

Patients had fewer attacks during the treatment and follow-up phases compared to the run-in
of Study 001, part C for all attacks, attacks requiring hospitalization, and attacks requiring
urgent health care visits. The cohort receiving givosiran 2.5 mg/kg monthly had a mean AAR
of 2.9 (SEM = 1.91) for composite attacks and a mean annualized rate of hemin use of 2.9
days (SEM = 1.44) during the treatment and follow-up periods. The placebo group had a mean
AAR of 16.7 (SEM = 4.97) for composite attacks and a mean annualized rate of hemin use

of 23.4 days (SEM = 9.9) during the treatment and follow-up periods. The mean change from
baseline to last post-dose assessment for EQ-5D-5L index scores were 0.0738 (SD = 0.0637)
and 0.0103 (SD = 0.1141) for the groups receiving placebo and givosiran 2.5 mg/kg monthly,
respectively. The mean change from baseline to last post-dose assessment EQ VAS scores

Table 26: Exposure to Givosiran 2.5 mg/kg in Studies 001 and 002 — Safety Population

Study 001, part A Study 001, part C Study 002

Placebo 2.5 mg/kg Placebo 2.5 mg/kg QM 2.5 mg/kg QM?
Exposure (N=5) (N=3) (N=4) (N=3) (N=16)

Duration of study drug
exposure (months)®

Mean (SD) NA NA 3.29(0.27) 3.04 (0.00) 16.29 (5.06)

Median (range) NA NA 3.27(3.0t03.6) | 3.04(3.0t03.0) | 15.59 (2.11t023.1)
Total number of doses

Mean (SD) 1.0 (0.0) 1.0 (0.0) 3.0(1.2) 4.0 (0.0 16 (5.7)

Median (range) 1.0(1to1) 1.0(1to 1) 3.0(2to4) 4.0(4t04) 16.5 (110 24)
Patients with missing doses

None, n (%) 5 (100) 3 (100) 4 (100) 3 (100) 14 (87.5)

1,n (%) 0(0) 0(0) 0(0) 0(0) 2(12.5)

NA = not applicable; QM = once monthly; SD = standard deviation.

2ncludes only exposure to 2.5 mg/kg QM.

°Duration of treatment period (months) = (last dosing date minus first dosing date plus 1) divided by 28. One month = 28 days.
Source: Clinical Study Report for studies ALN-AS1-001 and ALN-AS1-002.3738
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were 26.3 (SD = 11.1) and —=2.7 (SD = 8.7) for the groups receiving placebo and givosiran 2.5
mg/kg monthly, respectively.

During Study 002, patients had fewer composite attacks during the treatment period
compared to the run-in period (n = 9 and n = 72, respectively) and fewer attacks requiring
hospitalization, urgent health care visits, or treatment with hemin at home. There was a
greater number of instances where patients treated attacks at home without hemin during
the treatment period (n = 32) versus during the run-in period (n = 9). The mean composite
AAR was 17.0 (SEM = 3.5) and 1.2 (SEM = 0.4) for the run-in period of Study 001, part C and
the treatment period, respectively. The mean rate for annualized hemin use was 33.1 days
(SEM = 7.0 days) during the run-in period compared to 1.1 days (SEM = 0.6 days) during the
treatment period of Study 002. In terms of HRQoL, mean EQ-5D-5L index and VAS scores
increased by a mean of 0.0580 (SD = 0.1120) and 11.6 (SD = 17.8), respectively, from baseline
to the last post-dose assessment.

Harms

Table 30 summarizes the harms outcomes in Study 001, parts A and C and Study 002,
focusing on results for patients who received givosiran 2.5 mg/kg monthly where data were
available. Most patients (66.7%) in part A of Study 001 and 100% of patients in both part

C of Study 001 and in Study 002 experienced at least T AE. In Study 001, part C, the most

Figure 15: Transition From Study 001, Part C to Study 002 for
Patients Who Received Givosiran 2.5 mg/kg or Placebo

Study 001 Study 002
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082002 % =Missed dose

d = day; Givo = givosiran.
Source: Clinical Study Report of ALN-AS1-002.%
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Table 27: Summary of Porphyria Attack Outcomes in Study 001, Part C and Study 002 — Safety Population

Study 001, part C Study 002

Run-in period for Study
Run-in period Treatment and follow-up periods 001, partC Treatment period
Placebo 2.5 mg/kg QM Placebo 2.5 mg/kg QM 2.5 mg/kg QM 2.5 mg/kg QM
Outcome (N = 4) (N=3) (N =4) (N=3) (N=16) (N =16)
Composite attacks,® n 17 8 32 4 72 gb
AAR, mean (SEM) 20.2 (5.66) 10.3 (4.17) 16.7 (4.97) 2.9(1.91) 17.0 (3.5) 1.2 (0.4)°
Percent change from run-in (%) NA NA -17.6 -71.9 NA -93.0°
Percent d;fference from NA NA NA 826 NA NA
placebo (%)
All attacks,® n 17 12 32 9 81 44
AAR, mean (SEM) 20.2 (5.66) 15.4 (1.56) 16.7 (4.97) 6.5 (0.00) 19.1(3.3) 2.0(0.7)
(P(gcentage change from run-in NA NA ~176 578 NA ~89.3
Percentagoe difference from NA NA NA —61.1 NA NA
placebo (%)
Attat{ks .reqyiring 9 0 3 0 16 4
hospitalization, n
AAR, mean (SEM) 2.4(1.51) 0.0 (0.00) 1.6 (0.50) 0.0 (0.00) 3.8(2.2) 0.2 (0.1)
E’;:)rcentage change from run-in NA NA —343 NA NA 951
Percenta%e difference from NA NA NA ~100.0 NA NA
placebo (%)
R-egumng urgent health care 15 8 29 4 35 7
visit, n
AAR, mean (SEM) 17.8 (5.54) 10.3 (4.17) 15.1 (5.00) 2.9(1.91) 8.3 (2.5) 0.3(0.1)
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Study 001, part C

Study 002

Run-in period for Study
Run-in period Treatment and follow-up periods 001, part C Treatment period
Placebo 2.5mg/kg QM Placebo 2.5 mg/kg QM 2.5 mg/kg QM 2.5 mg/kg QM
Outcome (N=4) (N=3) (N=4) (N=3) (N=16) (N=16)
Z/f)rcentage change from run-in NA NA 153 ~719 NA —96.1
Percenta%e difference from NA NA NA _808 NA NA
placebo (%)
Treated at home with hemin, n 0 0 0 0 21 1
AAR, mean (SEM) 0.0 (0.00) 0.0 (0.00) 0.0 (0.00) 0.0 (0.00) 5.0 (3.2) 0.0 (0.00)
Zz)rcentage change from run-in NA NA NA NA NA ~99 1
Percentage difference from NA NA NA NA NA NA
placebo (%)
Trea?ed at home without 0 4 0 5 9 32
hemin, n
AAR, mean (SEM) 0.0 (0.00) 5.1 (5.62) 0.0 (0.00) 3.6 (1.91) 2.1(1.2) 1.5(0.6)
E:/S)rcentage change from run-in NA NA NA —997 NA ~299
Percenta%e difference from NA NA NA NA NA NA
placebo (%)

AAR = annualized attack rate; NA = not applicable; QM = once monthly; SEM = standard error of the mean.

2Include attacks requiring hospitalization, urgent health care visit, and IV hemin treatment at home.
“Data for first 6 months of the treatment period.
°Includes attacks requiring hospitalization, urgent health care visit, IV hemin treatment at home, and attacks treated at home without hemin.

Source: Clinical Study Report for studies ALN-AS1-001 and ALN-AS1-002.3738
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frequently reported AEs were abdominal pain, abdominal distension, nausea, and injection-
site reaction (66.7% of patients). In Study 002, the most common AEs were abdominal pain,

Table 28: Summary of Hemin Use in Study 001, Part C and Study 002 — Safety Population

Study 001, part C Study 002
Treatment and follow-up Run-in period for Treatment
periods Study 001, part C period
2.5 mg/kg
Placebo 2.5 mg/kg QM Placebo QM 2.5 mg/kg QM 2.5 mg/kg QM

Hemin use (N=4) (N=3) (N=4) (N=3) (N =16) (N=16)
Annualized hemin 13 4 140 24
doses (days)
ﬁs”E"h‘jl‘;‘"zed rate. mean | 357 (5.49) 16.7 (6.77) 23.4(9.88) 2.9 (1.44) 33.1(7.0) 1.1(0.6)
Percentage change
from runin to NA NA -34.3 -82.7 NA -96.6
treatment and follow-
up (%)
Percentage difference NA _539 NA 876 NA NA
from placebo (%)

NA = not applicable; QM = once monthly; SEM = standard error of the mean.
Source: Clinical Study Report for studies ALN-AS1-001 and ALN-AS1-002.%738

Table 29: Summary of HRQoL Outcomes in Study 001, Part C and Study 002 — Safety Population

Study 001, part C

Study 002
2.5 mg/kg QM

Outcomes

EQ-5D-5L index score

Placebo 2.5 mg/kg QM
(N=4) (N=3)

ERD)

Baseline, mean (SD)

0.8440 (0.1191)

0.7460 (0.1202)

0.8140 (0.1050)

Last post-dose assessment, n

4

3

15

Last post-dose assessment, mean (SD)

0.9178 (0.0950)

0.7563 (0.1145)

0.8600 (0.1320)

Change from baseline at last post-dose
assessment, mean (SD)

0.0738 (0.0637)

0.0103 (0.1141)

0.0580 (0.1120)

assessment, mean (SD)

EQ VAS score

Baseline, mean (SD) 56.3 (26.9) 74.3(13.7) 68.9 (20.9)
Last post-dose assessment, n 4 3 15
Last post-dose assessment, mean (SD) 82.5(28.7) 71.7 (10.4) 78.8(19.4)
Change from baseline at last post-dose 26.3(11.1) ~27(87) 116 (17.8)

EQ-5D-5L = EuroQoL 5-Dimensions 5 Levels questionnaire; EQ VAS = EuroQoL Visual Analogue Scale; HRQoL = health-related quality of life; QM = once monthly; SD

= standard deviation.

Source: Clinical Study Report for studies ALN-AS1-001 and ALN-AS1-002.3738
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fatigue, and nausea (43.8% of patients), while 37.5% of patients had an injection-site reaction.
SAEs were reported in 100% of patients who received givosiran 2.5 mg/kg in Study 001, part
C and in 25% of patients in Study 002. SAEs included functional gastrointestinal disorder,
pyrexia, anaphylactic reaction, Clostridium difficile colitis, sinusitis bacterial infection, mental
status changes, dyspnea, and deep vein thrombosis. There was 1T WDAE in Study 002. No
deaths were reported in the cohorts of interest.

Critical Appraisal
Internal Validity

Part A of Study 001 was single-blinded, while in part C, patients, investigators, and study
centre staff were blinded. Although it was stated that the drug product could potentially be
visually distinguished from placebo, syringes were masked in the pharmacy before being
transferred to the clinic. All parts of Study 001 were placebo-controlled, which may have
helped to reduce bias. There were 9 individuals who failed the screening process, but the
reasons for this were not described. There was no imputation for missing data in Study 001.
For part C, HRQoL was measured using the EQ-5D at baseline, during the treatment period
only for instances where the patient was hospitalized for an attack, and twice in the follow-up
period at scheduled visits. Therefore, HRQoL while on treatment but not when hospitalized
for an attack is unknown for these patients. However, if it were reported, the data would be
limited to only 3 individuals who received givosiran 2.5 mg/kg for a total of 3 months. Study
0071 was adaptive in nature and allowed for dose level and dose regimen changes to occur
based on safety, tolerability, and PD data. More specifically, dose increases were based on
only 3 patients in each cohort of part A, all of whom were CHEs and did not have an acute
porphyria attack in the 6 months leading up the to the study. While this design may be
reasonable for a phase | safety and tolerability study, the results should be used to inform
treatment in this setting only and not generalized beyond this.

Study 002 had an open-label design. Given that patients were aware they were receiving
active treatment, this may have affected their perception of improvement during the study,
which could have influenced patient-reported and HRQoL outcomes. All patients who
completed part C of Study 0071 rolled over into Study 002, and no new patients were enrolled.
Therefore, the results reflect patients who were able to tolerate and adhere to treatment for
the 3 months of the parent study. There was no imputation for missing data in Study 002.
EQ-5D scores were taken at baseline and every 6 months for the first 18 months of treatment,
including if a patient was hospitalized for an attack. However, these data are limited to the 16
patients in Study 002. Furthermore, 7 patients initially received givosiran 5.0 mg/kg monthly
or every 3 months, while the other 9 patients were treated with givosiran 2.5 mg/kg monthly.
Although all patients eventually received the 2.5 mg/kg dose, it is unknown if the 5.0 mg/

kg treatment (with duration ranging from 4 months to 11 months) had any impact on study
outcomes for the 7 patients.

Studies 001 and 002 both had small sample sizes, and in Study 001, only 3 patients in each of
parts A and C were randomized to receive monthly doses of givosiran 2.5 mg/kg, the intended
commercial dose, for a short duration. Consequently, any conclusions on HRQoL (based on
the EQ-5D) and safety are limited by the small number of patients, the small number of doses,
the short exposure time, and the populations described in the baseline characteristics.

External Validity

Most patients in studies 001 and 002 were female and White. The clinical experts consulted
by CADTH for this review noted that the majority of patients treated in clinical practice are
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Table 30: Summary of Harms Outcomes in Study 001, Parts A and C and Study 002 — Safety Population

Study 001, part A Study 001, part C Study 002

Placebo 2.5 mg/kg Placebo 2.5 mg/kg QM All givosiran
Outcomes (N=5) (N=3) (N=4) (N=3) (N=16)
Patients with = 1 AE, n (%) 5 (100) 2 (66.7) 4 (100) 3 (100) 16 (100)
AE?n (%)
Abdominal pain 0(0) 0(0) 1 (25.0) 2 (66.7) 7 (43.8)
Fatigue NR NR 0(0) 0 (0) 7 (43.8)
Nausea NR NR 1 (25.0) 2 (66.7) 7 (43.8)
Injection-site reaction NR NR 0(0) 2 (66.7) 6 (37.5)
Erythema NR NR NR NR 6 (37.5)
Pruritis NR NR NR NR 4(25.0)
Headache NR NR 1(25.0) 0 (0) 5(31.3)
Myalgia NR NR NR NR 5(31.3)
Nasopharyngitis 0(0) 0(0) 1(25.0) 1(33.3) 5(31.3)
Diarrhea 0(0) 0(0) 1 (25.0) 0(0) 4(25.0)
INR increase NR NR NR NR 4(25.0)
Back pain 2 (40.0) 0(0) 0 (0) 1(33.3) 3(18.8)
Migraine NR NR 0(0) 1(33.3) 3(18.8)
Paresthesia NR NR 0 (0) 1(33.3) 3(18.8)
Vomiting NR NR 2 (50.0) 1(33.3) 3(18.8)
Abdominal distension NR NR 0(0) 2 (66.7) NR
Peripheral swelling NR NR 0(0) 1(33.3) NR
Patients with = 1 SAE, n (%) 0 (0) 0 (0) 0 (0) 3 (100) 4(25.0)
SAE} n (%)
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Study 001, part A Study 001, part C Study 002
Placebo 2.5 mg/kg Placebo 2.5 mg/kg QM All givosiran

Z?Sr:)crtcllzral gastrointestinal 0(0) 0(0) 1(33.3) NR

Pyrexia NR NR NR NR 1(6.3)
Anaphylactic reaction NR NR NR NR 1(6.3)
Clostridium difficile colitis NR NR NR NR 1(6.3)
Sinusitis bacterial infection NR NR NR NR 1(6.3)
Mental status changes NR NR NR NR 1(6.3)
Dyspnea NR NR NR NR 1(6.3)
Deep vein thrombosis NR NR NR NR 1(6.3)
WDAE, n (%) 0(0) 0 (0) 0 (0) 0 (0) 1(6.3)
Death, n (%) 0(0) 0(0) 0(0) 0(0) 0(0)

AE = adverse event; INR = international normalized ratio; NR = not reported; QM = once monthly dose; SAE = serious adverse event; WDAE = withdrawal due to adverse event.
aFrequency = 2 patients in Study 001 or = 4 patients in Study 002.

Frequency = 1 patient.

Source: Clinical Study Report for studies ALN-AS1-001 and ALN-AS1-002.3738
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female and they did not expect there to be any differences among races. Although hemin was
allowed for the treatment of acute attacks, prophylactic use was discontinued before the start
of the studies. This may not reflect clinical practice, and the safety of the concurrent use of
givosiran and prophylactic hemin is unknown. Patients in Study 001, part A were CHEs (i.e,,
they did not have recurring acute attacks), and the clinical experts consulted for this review
would not expect to treat this group of patients with givosiran, a fact that limits the utility

of the data from part A. Additionally, the inclusion criteria for Study 001, part C stated that
patients must have experienced at least 2 porphyria attacks in the 6 months preceding the
start of the study. The clinical experts felt that this criterion could be too restrictive, and said
they would use 12 months for assessment in clinical practice.

Phase Il Open-Label Extension Study (Ongoing): Study 003 OLE
Methods

Study 003 was a 6-month, DB, placebo-controlled study that began on December 7, 2017,
and has been described in the preceding sections. It was followed by an ongoing OLE period
(Study 003 OLE) that was expected to continue for 29 months and be completed in May
20217; however, only an the interim report (cut-off date of January 10, 2020) was available

at the time of this review. Study 003 OLE was a phase IlI study of the long-term efficacy and
safety of givosiran for the treatment of adults with AIP. It was conducted at 36 sites in 18
countries (1 site in Canada). Patients who completed the DB portion of Study 003 (N = 94)
were eligible to participate in the OLE phase. This summary focuses on patients who received
givosiran 2.5 mg/kg during the OLE.

Figure 16 outlines the study design for the Study 003 DB and OLE phases.

Figure 16: Design of Study 003 Double-Blind and Open-Label
Extension Phases

Stratification Factors

* AHP Type
* Hemin Prophylaxis Status
+ Attack Rate

Givosiran
2.5 mg/kg r{Am=z] 2.5 mg/kg Monthly
monthly | awzed Follow-
Screening 1:1 up
Period [\Randomization, .
AMs2 [ams | | Period
Placebo
Monthly [Am 3+4}—34 1.25 mg/kg Monthly
I‘ . ’I I\ T J I\ T JI I‘ I _.l
Day;50t0: 6-Month Treatment Period Open-label Extension Period 1 Month
(Double Blind) Up to 29 months (3 Months if
Early

Termination)

AHP = acute hepatic porphyria; AM = 2 = original protocol (September 6, 2017), protocol amendment 1 (May 4, 2018),
and protocol amendment 2 (July 26, 2018); AM 3 + 4 = protocol amendment 3 (September 21, 2018) and protocol
amendment 4 (May 28, 2019); AM 5 = protocol amendment 5 (February 12, 2020).

Note: Patients entering the OLE period under the original protocol, protocol amendment 1, or protocol amendment 2
(AM = 2) received givosiran 2.5 mg/kg monthly in the OLE period, while those entering under protocol amendments

3 or 4 (AM 3 + 4) received givosiran 1.25 mg/kg monthly in the OLE period. Upon implementation of protocol
amendment 5 (after the data cut-off of January 10, 2020), all patients receiving givosiran 1.25 mg/kg monthly had their
dose increased to 2.5 mg/kg monthly.

Source: Clinical Study Report for Study ALN-AS1-003.%°
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Populations

Patients were eligible to participate in Study 003 OLE after completing the DB phase. Briefly,
they must have met the following inclusion criteria:

- female or male, aged 12 years or older

- documented diagnosis of AIP, HCP, VR, or ADP based on clinical features; at least 1
documented urinary or plasma PBG or ALA value greater than or equal to 4 times the ULN
within the past year before or during screening, AND either documented genetic evidence
of mutation in a porphyria-related gene, OR had both clinical features and diagnostic
biochemical criteria consistent with AHP if genetic testing did not identify a mutation in a
porphyria-related gene

- active disease with at least 2 porphyria attacks in the 6 months before screening

* not receiving prophylactic hemin during screening or during the study

. adequate VENOoUsS access.

Patients were excluded if they met any of the following exclusion criteria:

- any of the following lab parameters: ALT greater than 2 times the ULN, total bilirubin
greater than 1.5 times the ULN, INR greater than 1.5, eGFR less than 30 mL/min/1.73 m?

- anticipating a liver transplant during the study period or other major surgery during the first
6 months of the study

+ history of multiple drug allergies, allergic reaction to an oligonucleotide or to
N-acetylgalactosamine, intolerance to subcutaneous injection

+ known HIV, HCV, or HBV infection
- enrolled in or recently participated in another investigational device or drug study

- females who were pregnant, breastfeeding, or planning to become pregnant
during the study

+ history of pancreatitis, serious infection, or malignancy

- any condition that would make the patient unsuitable for dosing, could interfere with the
study compliance, the patient’s safety, and/or the patient’s participation in the 6-month
treatment period of the study.

Table 31 summarizes the baseline characteristics of patients in Study 003 OLE, focusing

on patients who received givosiran 2.5 mg/kg. Patients ranged in age from 19 years to 65
years, with a mean age of 39.4 years (SD = 11.6). Most were female (89.6%), White (76.6%),
and had a mean body mass of 66.39 kg (SD = 15.47 kg). The mean time since diagnosis was
10.78 years (SD = 9.98), and patients had experienced an average of 5.8 attacks (SD = 4.5)

in the 6 months before randomization. The mean historical AAR was 11.6 (SD = 9.0), and
44.2% of patients had previously used hemin prophylactically. Patients had other diagnosed
comorbidities, such as neuropathy (37.7%), increased transaminases (36.4%), iron overload
(33.8%), hypertension (27.3%), renal failure and impairment (27.3%), and chronic kidney
disease (20.8%).

Interventions

During the OLE period, patients received givosiran 2.5 mg/kg monthly if they were enrolled
under protocol amendment 1 or 2 and received givosiran 1.25 mg/kg monthly if they were
enrolled under protocol amendment 3. The 1.25 mg/kg dose was introduced under protocol
amendment 2 in response to patients with elevated transaminase levels. At month 13,
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Givosiran Givosiran
Placebo and givosiran | 2.5 mg/kg and givosiran 2.5 mg/kg and givosiran All givosiran
2.5 mg/kg 2.5 mg/kg 1.25 mg/kg 2.5 mg/kg?
Summary (N = 29)? (N=27)° (N =20)° (N=77)
Demographics

Age (years), mean (SD) 38.3(10.7) 41.7 (12.3) 38.5(12.0) 39.4(11.6)
Age (years), median (range) 38.0 (20 to 60) 44.0 (23 10 65) 37.5(19 10 58) 38.0 (1910 65)
Female, n (%) 26 (89.7) 24 (88.9) 18 (90.0) 69 (89.6)
Race, n (%)
White 20 (69.0) 21 (77.8) 17 (85.0) 59 (76.6)
Asian 5(17.2) 5(18.5) 3(15.0) 13 (16.9)
Black 1(3.4) 0(0) 0(0) 1(1.3)
Native Hawaiian or other Pacific Islander 1(3.4) 0(0) 0(0) 1(1.3)
Other 2(6.9) 1(3.7) 0(0) 3(3.9)

Body mass (kg), mean (SD)

67.29 (15.45)

67.01 (18.07)

64.40 (12.37)

66.39 (15.47)

Disease history

Years since diagnosis, mean (SD) 10.28 (7.77) 12.94 (11.85) 8.98 (10.20) 10.78 (9.98)
Number of attacks® during the 6 months before randomization, 5.4 (4.6) 5.8 (4.3) 6.6 (4.8) 5.8 (4.5)
mean (SD)

Historical AAR,f mean (SD) 10.9 (9.3) 11.6 (8.6) 13.1(9.7) 11.6 (9.0)
Prior hemin prophylaxis, n (%) 14 (48.3) 13 (48.1) 7 (35.0) 34 (44.2)
Comorbidities

Transaminases increased, n (%) 11 (37.9) 11 (40.7) 5(25.0) 28 (36.4)
Renal failure and impairment HLT,9 n (%) 11 (37.9) 6(22.2) 3(15.0) 21 (27.3)
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Givosiran Givosiran

Placebo and givosiran | 2.5 mg/kg and givosiran | 2.5 mg/kg and givosiran All givosiran

2.5 mg/kg 2.5 mg/kg 1.25 mg/kg 2.5 mg/kg¢
Summary (N = 29)? (N =27)° (N = 20)° (N=77)
Chronic kidney disease, n (%) 8 (27.6) 5(18.5) 3(15.0) 16 (20.8)
Hypertension, n (%) 7(24.1) 9(33.3) 5(25.0) 21 (27.3)
Neuropathy, n (%) 9(31.0) 12 (44.4) 8 (40.0) 29 (37.7)
Iron overload, n (%) 10 (34.5) 10 (37.0) 6 (30.0) 26 (33.8)

AAR = annualized attack rate; DB = double blind; Givo = givosiran; HLT = high-level term; OLE = open-label extension; SD = standard deviation.

2Includes patients who received placebo in the DB period and givosiran in the OLE, and included data only post-givosiran treatment.

®Includes patients who received givosiran in the DB and OLE periods. (Patient 101-3001, who discontinued in the DB period, was counted in the “givosiran and givosiran” and “all givosiran” groups only).

°Patients who dose-escalated due to inadequate disease control during the OLE at or after the Month 13 visit are counted in the treatment group according to the dose assigned at the beginning of the OLE period.
dIncludes all patients who received givosiran 2.5 mg/kg in either the DB and/or OLE periods.

¢Includes attacks requiring hospitalization, health care facility visit, or hemin use at home.

fThe historical AAR was calculated by annualizing the number of attacks requiring hospitalization, health care facility visit, or hemin use at home during the 6 months before randomization.

9Includes acute kidney injury, chronic kidney disease, renal failure, renal impairment, and renal injury.

Source: Clinical Study Report of ALN-AS1-003.3°
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patients who had been given givosiran 1.25 mg/kg monthly and were experiencing inadequate
disease control could have their dose increased to 2.5 mg/kg monthly if they demonstrated
tolerability to the study drug and if they met the ALA and clinical criteria. With protocol
amendment 5 (after the cut-off date for the interim report), all patients were transitioned to
receive givosiran 2.5 mg/kg monthly based on tolerability to the study drug.

Prophylactic hemin use was not permitted during the study, but hemin use to treat acute
attacks was allowed.

Outcomes

The end points of the OLE phase were exploratory and included the rate of porphyria attacks
(a composite outcome composed of need for hospitalization, urgent health care visit, or

IV hemin administration at home) in patients with AIP and AHP; the rate of administered
hemin; and urinary ALA, PBG, and ALAST mRNA levels. Patient-reported outcomes were
also captured. These included daily worst pain, nausea, and fatigue scores over 12 months;
PCS score on version 2 of the SF-12 v2; EQ-5D-5L index score; PGIC score; and PPEQ score.
Harms data for AEs, SAEs, WDAEs, and deaths were also summarized.

Statistical Analysis

Both patients and investigators remained blinded to treatment assignments beyond the
6-month DB period until the database lock for the month 12 interim analysis. For the

OLE period, categorical variables were summarized using counts and percentages while
continuous variables for efficacy outcomes were summarized using descriptive statistics.
Data were summarized as “during givosiran treatment” for patients who received at least

1 dose of givosiran after their first dose. The AAR and annualized days of hemin use were
calculated for patients who had at least 85 days of follow-up during the OLE phase to avoid
unstable estimations. No imputation was performed for missing data if patients provided
attack data for the entire 6-month DB period. No inferential statistical analyses were planned
for safety assessments in the study.

Analysis sets were presented as follows:

+ givosiran and givosiran: patients who received givosiran during the DB and OLE phases,
including patients who discontinued treatment during the DB period

- placebo and givosiran: patients who received placebo during the DB and givosiran during
the OLE phases

- all givosiran: patients who received at least 1 dose of givosiran during either DB
or OLE phases.

Analysis sets were further separated by doses received during the DB and OLE phases (e.g.,
givosiran 2.5 mg/kg and givosiran 1.25 mg/kg).

Patient Disposition

Of the 94 patients who completed the 6-month DB phase, 93 (98.9%) entered the OLE phase.
In total, 5 patients (5.3%) withdrew from the study due to AE (n = 1), pregnancy (n = 1), or
patient decision (n = 3).

The “all givosiran” set was the main analysis set for long-term efficacy and safety and
included all randomized patients who received at least 1 dose of givosiran during the DB or
OLE phases. The FAS included all randomized patients who received at least 1 dose of the
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study drug and were grouped according to their randomly assigned treatment group. The
safety analysis set was made up of all patients who received at least 1 dose of the study drug
and were grouped according to the treatment actually received. All 3 analysis sets included
94 patients.

Exposure to Study Treatments

Patients in the all givosiran 2.5 mg/kg group (n = 77) of the OLE had a mean exposure of
16.77 months (SD = 4.69 months) and a median of 17.38 months (range = 1.8 months to
25.1 months). During the OLE period, 6 patients missed 1 dose of givosiran 2.5 mg/kg and 4
missed 2 doses.

No patients who started on givosiran 2.5 mg/kg during the OLE phase had a dose reduction.
Eleven patients who initially received givosiran 1.25 mg/kg had a dose increase to 2.5 mg/
kg during month 13 to month 15 due to inadequate disease control, as per the protocol dose
modification rules.

Efficacy

Table 33 summarizes the efficacy outcomes for patients who received givosiran 2.5 mg/kg
during the DB and OLE phases. The mean number of attacks during givosiran treatment was
M with a mean patient-level AAR of M. Mean AARs for attacks requiring hospitalization,
urgent health care visit, treatment with [V hemin at home, and treatment without IV hemin

at home were INEEG—_—_G_G————, rcspectively. The average number of days of
hemin use was WM days. Creatinine-normalized urinary ALA decreased by a mean of i
mmol/mol and M W mmol/mol at month 12 and month 18, respectively, from Study 003

Table 32: Patient Disposition in Study 003 Open-Label Extension

Placebo and Givosiran 2.5 mg/ | Givosiran 2.5 mg/
givosiran kg and givosiran kg and givosiran All givosiran
2.5 mg/kg 2.5 mg/kg 1.25 mg/kg 2.5 mg/kg? All givosiran
Disposition (N =29) (N=27) (N = 20) (N=77) (N =94)
Treated, N (%) 29 (100.0) 27 (100.0) 20 (100.0) 77 (100.0) 94 (100)
Entered OLE
period, n (%) 29 (100.0) 27 (100.0) 20 (100.0) 76 (98.7) 93 (98.9)
Withdrew from
study, n (%) 3(10.3) 1(3.7) 0(0) 5(6.5) 5(5.3)
AE 0 (0) 0 (0) 0 (0) 1(1.3) 1(1.1)
Pregnancy 1(3.4) 0(0) 0(0) 1(1.3) 1(1.1)
Patient decision 2 (6.9) 1(3.7) 0(0) 3(3.9) 3(3.2)
All givosiran
treated, n (%) 29 (100.0) 27 (100.0) 20 (100.0) 77 (100.0) 94 (100)
E‘ZL'/;"“a'ys's set, 29 (100.0) 27 (100.0) 20 (100.0) 77 (100.0) 94 (100)
ﬁa(ﬂ/e)ty analysis set, 29 (100.0) 27 (100.0) 20 (100.0) 77 (100.0) 94 (100)

AE = adverse event; DB = double blind; OLE = open-label extension.
Source: Clinical Study Report for Study ALN-AS1-003.%°
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baseline measures. Creatinine-normalized urinary PBG values decreased by an average
I mMol/mol and I Mmol/mol for the same time points from baseline.

Figure 17, Figure 18, and Figure 19 compare the “placebo and givosiran” and the “givosiran
and givosiran” groups for key efficacy outcomes during the DB and OLE phases. Figure 17
shows the average number of attacks per patient per month decreasing in the first couple

of months after starting givosiran for either group; attack numbers remained low over time.
Median urinary ALA and PBG levels show a similar decreasing and levelling trend in Figure 18
and Figure 19, respectively.

Table 34 summarizes HRQoL outcomes during the OLE phase. The PCS and MCS scores

of the SF-12 both showed an increase from baseline to 12 months and 18 months. For the
PCS, the mean change from baseline was il Ml points at month 12 and N points at
month 18, while the MCS scores showed an average change from baseline of I points
and W points at the same time points. Mean daily worst pain and fatigue scores were
lower by I points and MMM points, respectively, during givosiran treatment compared to
baseline, while the daily worst nausea score was Il points higher compared to baseline.
EQ-5D-5L index and VAS scores increased from baseline: the former score changed by a
mean of MMM points at month 12 and MMM points at month 18, while the VAS score
changed by W and MMM for the same time points. At month 6, 90.5% of patients (57 of
63) noted an improvement on the PGIC (includes categories of minimally improved, much
improved, and very much improved), while 97.8% of patients (45 of 46) felt improved at
month 12. Figure 20 shows the percentage of patients who indicated “much better” ability
on the PPEQ. There was an increase in the proportion of placebo and givosiran patients who
responded “much better” or “always” from month 6 to month 12. The number of patients
who responded "much worse” or “never” remained low (O patients to 2 patients) at each
assessment.

Harms

Harms outcomes for Study 003 OLE are summarized in Table 35. Nearly all patients (94.8%)
experienced at least 1 AE, with 32.5% reporting nausea, 27.3% reporting injection-site reaction,
22.1% reporting fatigue, 22.1% reporting nasopharyngitis, and 19.5% reporting headache.
SAEs occurred in 24.7% of patients, with chronic kidney disease, device breakage, and

urinary tract infection reported by 2.6% of patients for each. There was 1 WDAE. No deaths
were reported.

Critical Appraisal
Internal Validity

The OLE period of Study 003 had a number of design limitations. For example, it lacked a
randomized comparison group to provide context and control for potential confounders
during the OLE period. Furthermore, the open-label design and unblinding 12 months after
the start of the study (or 6 months into the OLE phase) may have influenced some patients’
and clinicians’ perceptions of improvement, and this could be reflected in the patient-reported
outcomes. Amendment 3 was introduced in September 2018 so that patients with elevated
transaminase levels could receive a lower dose of givosiran (i.e., 1.25 mg/kg). Unblinding
had taken place in the following months (12 months from the start of the study), near the
time when patients with inadequate control on 1.25 mg/kg were able to increase their dose
to 2.5 mg/kg. It is uncertain if the implementation of the lower dose, the unblinding, and the
dose increase due to inadequate control had an impact on the study outcomes. Patients
kept electronic diary records (reporting on pain, fatigue, nausea, and analgesic use) daily for
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the first 12 months of the study, and then only when potential attacks occurred from month
13 onwards. It is unknown if the change in reporting frequency would affect the accuracy of
patient-reported outcomes, although these were exploratory in the OLE phase. No imputation
was performed for missing data if patients provided attack data for the entire 6-month DB
period. Attacks were considered for efficacy assessment and not counted as AEs. Additional
issues have been described earlier in the appraisal of the DB portion of Study 003.

Table 33: Summary of Efficacy Outcomes in Study 003 OLE — All Givosiran-Treated Set

Givosiran 2.5 mg/kg

Outcomes (N=77)

Porphyria attack composite end point? (n = 76)°

Total number of attacks during givosiran treatment, mean (SEM) 3.4(0.7)
Patient-level AAR, mean (SEM) 2.42 (0.43)
AAR analysis of porphyria attack components (n = 76)°

All attacks,® patient-level AAR, mean (SEM) 3.02 (0.46)
Attacks requiring hospitalization, mean (SEM) 1.12(0.31)
Attacks requiring urgent health care visit, mean (SEM) 1.25(0.33)
Attacks requiring treatment with IV hemin at home, mean (SEM) 0.06 (0.04)
Attacks requiring treatment without IV hemin at home, mean (SEM) 0.60 (0.14)

Hemin use (n = 76)°

Total days, mean (SEM) 6.8 (1.7)
Annualized days of hemin use, mean (SEM) 4.77 (1.14)
Creatinine-normalized urinary ALA levels (mmol/mol), mean (SD)
Baseline (n = 77) 18.535 (14.220)
Month 6, change from baseline (n = 71) -14.646 (14.778)
Month 12, change from baseline (n = 68) -14.455 (14.107)
Month 18, change from baseline (n = 48) -16.924 (15.154)
Creatinine-normalized urinary PBG levels (mmol/mol), mean (SD)
Baseline (n =77) 46.746 (29.371)
Month 6, change from baseline (n = 71) -35.047 (31.015)
Month 12, change from baseline (n = 68) -35.923 (28.470)
Month 18, change from baseline (n = 48) -39.172(31.048)

AAR = annualized attack rate; ALA = aminolevulinic acid; OLE = open-label extension; PBG = porphobilinogen; SD = standard deviation; SEM = standard error of mean.
Notes: Givosiran 2.5 mg/kg includes patients who received givosiran 2.5 mg/kg as the first dose in either the double-blind or OLE study.

2Includes attacks that require hospitalization, urgent health care visit, and treatment with IV hemin at home.

"One patient whose follow-up duration after taking givosiran was < 85 days was excluded from the analysis.

°Includes attacks that require hospitalization, urgent health care visit, treatment with IV hemin at home, and treatment without IV hemin at home.

Source: Clinical Study Report for Study ALN-AS1-003.%°
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External Validity

The study inclusion criteria specified that patients must have had at least 2 porphyria
attacks in the 6 months leading up to the Study 003. The study population was considered
to be enriched for attack frequency because patients were required to have experienced at
least 2 attacks in the 6 months before entering the study. This may limit the generalizability

Figure 17: Average Number of Attacks per Patient per Month;
Porphyria Attack Composite End Point — Full Analysis Set
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DB = double blind; Givo = givosiran; OLE = open-label extension; Pbo = placebo.

Note: Month 0 represents 6 months before randomization, and the estimate is calculated as total number of attacks
divided by the total duration in months. Month 1 and beyond are categorized relative to the first dose of the study drug,
and the estimate is calculated as the total number of attacks divided by the total number of patients that remaining in
the study at that time point. One month equals 28 days for the purposes of these calculations. A few attacks occurring
after the first dose of the OLE period were counted into month 6 if patients entered the OLE period earlier than study
day 168. A few attacks occurring before the first dose of the OLE period were counted into month 7 if patients entered
the OLE period later than study day 168.

Source: Clinical Study Report for Study ALN-AS1-003.%°

Figure 18: Median Urinary ALA Levels During Givosiran Treatment —
Full Analysis Set
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Source: Clinical Study Report for Study ALN-AS1-003.%°

CADTH Reimbursement Review Givosiran (Givlaari)

114



CADTH

of the study to patients who have less frequent attacks. The clinical experts consulted

for this review suggested that 12 months was a more reasonable time frame for clinical
practice. Furthermore, it is possible that patients who could benefit from givosiran were
excluded based on the requirement for the number of attacks. Although the minimum age
for enrolment was 12 years, no patients were younger than 19 years or older than 65 years;
thus, there are no data from this study for the use of givosiran in adolescent or geriatric
patients. Overall, the clinical experts consulted by CADTH for this review noted that the
study population appeared to represent patients who would be treated in practice. Hemin
was allowed for the treatment of acute attacks, but its prophylactic use was discontinued
before the start of the study, which may not reflect real-world use. Additionally, the safety

of concurrent givosiran and prophylactic hemin use is unknown. It is also worth noting that
there was a dose change for those who initially enrolled under protocol amendment 3 and
received givosiran 1.25 mg/kg due to elevated transaminase levels. At month 13, patients
who had inadequate disease control were able to increase their dose to 2.5 mg/kg from 1.25
mg/kg, and with protocol amendment 5, all patients were to receive givosiran 2.5 mg/kg (the
intended commercial dose). The product monograph indicates that patients who have a dose
interruption due to severe or clinically significant transaminase levels and who then improve
may resume givosiran at 1.25 mg/kg or 2.5 mg/kg monthly, although it also notes that there
are limited safety and efficacy data around dose changes following transaminase elevations.

Expanded Access Program (Ongoing): Study ALN-AS1-005

Study ALN-AST-005 is an international program that will provide expanded access to givosiran
to patients 12 years and older with AHP® It is ongoing; no additional information is available.

Figure 19: Median Urinary PBG Levels During Givosiran Treatment —
Full Analysis Set
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Source: Clinical Study Report of ALN-AS1-003.%°
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Table 34: Summary of HRQoL, Symptom, and Utility Outcomes in Study 003 OLE — All Givosiran-
Treated Set

Givosiran 2.5 mg/kg

Outcome (N=77)

PCS of SF-12, mean (SD)

Baseline (n =77)

Month 6, change from baseline (n = 73)

Month 12, change from baseline (n = 71)

Month 18, change from baseline (n = 47)
MCS of SF-12, mean (SD)

Baseline (n =77)

Month 6, change from baseline (n = 73)

Month 12, change from baseline (n = 71)

Month 18, change from baseline (n = 47)

Daily worst pain score, mean (SD)

Baseline

During givosiran treatment, change from baseline

Daily worst fatigue score, mean (SD)

Baseline

During givosiran treatment, change from baseline

Daily worst nausea score, mean (SD)

Baseline

During givosiran treatment, change from baseline

EQ-5D-5L index score, mean (SD)

Baseline (n = 76)

Month 6, change from baseline (n = 73)

Month 12, change from baseline (n = 69)

Month 18, change from baseline (n = 47)

EQ VAS score, mean (SD)
Baseline (n =77)

Month 6, change from baseline (n = 74)

Month 12, change from baseline (n = 70)

Month 18, change from baseline (n = 47)

PGIC score, n/N (%)
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Givosiran 2.5 mg/kg
Outcome (N=77)
Month 6, improved?

|
Month 12, improved? ]

EQ-5D-5L = EuroQol 5-Dimensions 5-Levels questionnaire; EQ VAS = Euro Quality of Life Visual Analogue Scale; HRQoL = health-related quality of life; MCS = Mental
Component Summary; OLE = open-label extension; PCS = Physical Component Summary; PGIC = Patient Global Impression of Change; SD = standard deviation; SF-12
=12-item Short Form Health Survey, version 2.

Note: Givosiran 2.5 mg/kg includes patients who received givosiran 2.5 mg/kg as the first dose in either the double-blind or OLE study.
almproved includes minimally improved, much improved, and very much improved.
Source: Clinical Study Report for Study ALN-AS1-003.%°

Discussion

Summary of Available Evidence

One multi-centre, placebo-controlled, DB, phase Ill study, Study 003, was included in the
CADTH systematic review. Study 003 was designed to evaluate the efficacy and safety of
givosiran administered once monthly in patients with AHP. Included patients had to be at least
12 years old with a documented diagnosis of AIP, HCP, VP, or ADP, have experienced at least 2
composite porphyria attacks within 6 months before screening, and be willing to abstain from
prophylactic use of hemin during the trial. The primary objective was to evaluate the effect

of subcutaneous givosiran compared to placebo in terms of the rate of porphyria attacks
requiring hospitalization, urgent health care visit, or [V hemin administration at home over 6
months in patients with AIP. The annualized rate of porphyria attacks in patients with AHP
and the following assessments in patients with AIP were included as secondary outcomes:
urinary ALA and PBG levels, hemin use, daily worst scores for symptoms of pain, fatigue, and
nausea, and HRQoL through the SF-12. Opioid use, the PPEQ, and ability to work or attend
school — as well as the secondary end points analyzed in patients with AHP — were included
as exploratory outcomes.

A total of 94 patients were randomized in Study 003, 89 (95%) of whom had AIP. Patients
with AIP were between the ages of 19 years and 65 years (with a mean age of 37.3 years to
40.7 years); 89% to 91% were female, and 35% to 40% resided in North America. Between
40% and 44% of patients had prior experience with the use of prophylactic hemin; based

on the composite definition of porphyria attacks, the median historical AAR was 8 attacks
(range = 4 to 34) and 8 attacks (range = 0 to 46) in the givosiran and placebo treatment
groups, respectively. When not having a porphyria attack, 48% to 56% of patients reported
having chronic symptoms, and 28% to 30% of patients reported chronic opioid use. Baseline
characteristics in patients with AHP were similar to those reported for patients with AIP.

Figure 20: Redacted by Sponsor

This figure has been redacted at the request of the sponsor.
Source: Clinical Study Report for Study ALN-AS1-003.%°
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Table 35: Summary of Harms Outcomes in Study 003 Open-Label Extension

Givosiran
2.5 mg/kg
(N =77)
Patients with = 1 AE, n (%) 73(94.8)
AE?n (%)
Nausea 25(32.5)
Injection-site reaction 21 (27.3)
Fatigue 17 (22.1)
Nasopharyngitis 17 (22.1)
Headache 15(19.5)
Urinary tract infection 13(16.9)
Abdominal pain 13(16.9)
Upper respiratory tract infection 12 (15.6)
Vomiting 12 (15.6)
Diarrhea 10 (13.0)
Lipase increase 8(10.4)
Patients with = 1 SAE, n (%) 19 (24.7)
SAE> n (%)
Chronic kidney disease 2(2.6)
Device breakage 2(2.6)
Urinary tract infection 2(2.6)
WDAE, n (%) 1(1.3)
Death, n (%) 0(0)
Notable harms, n (%)
Injection-site reactions 21 (27.3)
Transaminases increase 2(2.6)
ALT increase 7(9.1)
AST increase 6(7.8)
Chronic kidney disease 6(7.8)
Iron overload 3(3.9)

AE = adverse event; ALT = alanine aminotransferase; AST = aspartate aminotransferase; SAE = serious adverse event; WDAE = withdrawal due to adverse event.
Note: “All givosiran 2.5 mg/kg” includes patients receiving givosiran 2.5 mg/kg as the first dose once monthly in either the DB or OLE studies.

2Frequency = 10% of all patients.

Frequency > 1 patient.

Source: Clinical Study Report for Study ALN-AS1-003.%°
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Four other relevant studies were summarized for this review: phase | of Study 001, phase I/
Il of Study 002, the OLE of Study 003, and EAP Study 005. No indirect treatment comparisons
were identified for this review.

Interpretation of Results

Efficacy

Current treatment for AHP is limited to preventing attacks through avoidance of triggers,
hormone therapy, and prophylactic hemin use (an indication not approved by Health Canada).
Preventive measures are often successful in limiting the frequency of attacks in the majority
of symptomatic patients with AHP, according to the clinical experts consulted for this review;
however, there is a subset of patients living with AHP who experience severe, recurrent
attacks that are not avoided using these measures. Recurrent attacks are associated with
poor health outcomes due to porphyria-related complications, and these have a significant
impact on patients’ quality of life. Therefore, the prevention of porphyria attacks or

reduction in the frequency of acute attacks was described as a critical outcome by patients
and clinicians.

At baseline, the median AAR for patients with AIP was 8 attacks (range = 0 to 46). After 6
months of treatment, the median AAR was 1 attack (IQR = 0 to 6) for patients treated with
givosiran and 11 attacks (IQR = 2 to 26) for patients receiving placebo. The primary end point
of the pivotal trial was the annualized rate of porphyria attacks requiring hospitalization,
urgent health care visit, or IV hemin administration at home in patients with AIP over the
6-month DB period, which corresponded to a mean 74% reduction in the rate of porphyria
attacks (rate ratio = 0.26; 95% Cl, 0.16 t0 0.41; P < 0.001) for patients in the givosiran
treatment group relative to patients receiving placebo. Similarly, a mean 73% reduction in
the rate of porphyria attacks (rate ratio = 0.27; 95% Cl, 0.17 to 0.43; P < 0.001) was reported
for all patients with AHP, which included patients with both AIP and non-AlIP types of AHP.
The clinical experts consulted for this review were unable to quantify a clinically meaningful
reduction in acute attacks, given that the clinical presentation and severity of attack varies
between patients; however, there was consensus regarding the fact that in general, a
reduction in the number of attacks was meaningful and clinically relevant. Thus, givosiran
demonstrates a benefit in terms of a reduction in the frequency of attacks.

However, there are a few limitations to consider. As previously described, the study was
enriched for attack frequency to ensure the ability to measure a difference in treatment effect
on the primary composite porphyria attack end point. This was done by selecting patients
with a higher historical AAR before randomization. This is supported by the results of the
EXPLORE natural history study that reported a median AAR of 2.0 (range = 0.0 to 37.0)% for
patients with AHP as well as the experience of the clinical experts consulted for this review.
This impairs the generalizability of the primary end point and the reduction in attack rate
observed in the individual treatment arms to all patients with AHP, although it is relevant to a
subset patients who experience frequent attacks. Additionally, the trial is placebo-controlled,
and prophylactic hemin was not permitted, but it is used in practice to prevent acute attacks
in patients with recurrent attacks and frequent hospitalizations. Therefore, the treatment
effect observed in the trial was potentially greater than what would be expected for
comparison to best supportive care in clinical practice.

The primary end point was also based on a composite end point where the components
correspond to varying degrees of treatment effect, but the results for the components were
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reported descriptively. The clinical experts consulted for this review indicated that porphyria
attacks that result in hospitalization are potentially more severe than other attacks, but this
also depends on factors such as access to alternative care settings that are equipped to
handle patients with AHP. Overall, the components of the composite outcome for AAR each
represent important measures of attacks for both patients and clinicians, particularly attacks
leading to hospitalizations, given that a reduction in these is a major treatment goal for
patients with AHP. However, the results of each of the components are subject to bias and
were reported descriptively, which limits the ability to draw concrete conclusions from them.
Despite this, the frequency of attacks reported for each of the components was consistent
with the direction observed for the composite outcome, and none of the components
appeared to be driving the effect, thereby supporting the primary analysis.

Study 003 employed sensitivity analyses for the primary end point to: account for
undercounting and overcounting attacks, assess the AAR for all investigator-included attacks
(including those treated at home without IV hemin use), and assess the AAR including all
potential attacks. Additionally, the primary analysis was conducted using an alternative
statistical model that treated attacks as recurrent events. It was also conducted using the
per-protocol set. All of the sensitivity analyses were consistent with and supportive of the
primary analysis. A number of pre-specified subgroup analyses were employed as well, with
historical attack rates (high versus low) meeting the CADTH systematic review protocol. The
treatment effect observed in patients with a high or low historical AAR was consistent with
the primary analysis. Of note, the criteria used to define these subgroups were considered
arbitrary by the clinical experts consulted for this review; therefore, there is uncertainty with
how meaningful this subgroup analysis was.

Study 003 included urinary levels of ALA and PBG at month 3 and/or month 6, the annualized
rate of administered hemin doses over the 6-month treatment period, the assessment of

the change of daily worst pain over the 6-month treatment period, and opioid use, and the
results supported a reduced frequency of attacks. For context, measures of ALA and PBG
are highly variable in patients with AHP, but the clinical experts indicated that porphyrin levels
are substantially higher (up to 4 times greater than normal levels) during an acute attack. At
month 3 and month 6, urinary ALA increased in both the givosiran and placebo treatment
groups; however, the difference between treatment groups favoured givosiran (P < 0.001).
Over the 6-month treatment period, 54.3% of patients in the givosiran treatment group and
23.3% of patients in the placebo treatment group did not require hemin use. Further, this
corresponded to a 77% rate reduction in days of hemin use for patients receiving givosiran
compared to those receiving placebo, based on a rate ratio of 0.23 (95% Cl, 0.11 to 0.45;

P < 0.007). Subgroup analyses of urinary ALA levels were conducted by high versus low
historical AAR. The change in urinary ALA levels from baseline measured at month 3 and
month 6 in patients with AIP was similar for those in the high AAR subgroup compared to the
overall population. A smaller change from baseline was reported for those with a low AAR at
baseline compared to the overall population.

According to patient groups’ input, a reduction in symptoms, particularly pain, is of significant
importance to patients. Patients enrolled in the trial evaluated pain by rating the worst level
of pain experienced each day using an NRS ranging from “no pain” (0) to pain that was

“as bad as you can imagine” (10). This standalone question was derived from the 11-item
BPI-SF, which is a widely used, well-validated assessment of pain in clinical trials?62240;
however, no evidence was identified that assessed the overall BPI-SF for validity, reliability,

or responsiveness in patients with porphyria. Pain was reported as a weekly mean score for
daily worst pain. An MID was not identified for the assessment of patients with porphyria,
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but a 2-point change has been suggested as a reasonable estimate of the MID for worst pain
among breast cancer patients with metastatic disease.®® Using this 2-point MID for reference,
the average change from baseline in the weekly mean score was not clinically meaningful in
either treatment group. Given that AHP is often characterized by painful acute attacks, pain
was also assessed using the AUC of change from baseline in weekly mean score to account
for the expected variations in daily pain throughout the trial. The pre-specified analysis of daily
worst pain was analyzed using an ANCOVA model, which did not demonstrate a statistically
significant difference between givosiran and placebo (LS mean difference = =12.7; 95%

Cl, =25.5t0 0.2; P = 0.053). The assessment of pain was reanalyzed using non-parametric
methods following the demonstration of a significant deviation from the normal. The non-
parametric test corresponded to a treatment-group difference in favour of givosiran (median
of treatment difference = =10.1; 95% Cl, —22.8 t0 0.9; P = 0.0455); however, this analysis was
conducted post hoc and at risk of type I error, which introduces uncertainty into the results.
Moreover, the treatment-group difference reported in all patients with AHP was —9.4 (95% Cl,
-21.0to 1.2, P = 0.0613). Based on the available evidence, givosiran was not associated with
an improvement in pain compared to placebo.

Analgesic use of opioids at home was patient-reported and summarized descriptively in
Study 003. Similar use was reported in patients with AIP and all patients with AHP. In general,
patients in the givosiran group reported less use of opioids during the trial (based on the
proportion of days with opioid use) compared to patients in the placebo group; however,

the ability to interpret this data is limited without a comparison to opioid use at baseline.

Over the 6-month DB treatment period, 67% and 88% of patients receiving givosiran and
placebo, respectively, reported use of opioids. A reduction in opioid use was also noted as an
outcome that was important to patients; however, without further assessments, it can only be
concluded that opioid use was high in both treatment groups throughout the trial.

Fatigue and nausea are symptoms of porphyria that were also evaluated in Study 003

using similar methods to those used to evaluate the daily worst pain score. The severity of
fatigue was assessed using a single question from the BFI-SF, analogous to the item of the
BPI-SF used for daily worst pain score. The single item was validated using the Chinese and
Taiwanese versions of the BFI-SF, and an MID for the worst fatigue item was estimated to
be 1.5 using the 0.5 SD method?®; however, no MID was identified in populations with AHP.
Nausea was assessed using a 10-point NRS. Due to the failure of the statistical test for the
higher-ranked daily worst pain outcome, P values for nausea and fatigue outcomes were
reported as nominal. Briefly, daily worst fatigue scores at month 6 had decreased from
baseline in both treatment groups, but did not meet the MID threshold of a change by 1.5
units. The treatment-group difference in the LS mean for AUC of change from baseline in
daily worst fatigue score was —6.9 (95% Cl, =19.8 to 6.0; P = 0.2876). The daily worst nausea
score at month 6 increased in the givosiran group and decreased in the placebo group, with
a treatment-group difference in the LS mean for AUC of change from baseline of 5.5 (95% Cl|,
-4.0t0 15.0; P = 0.2532). In summary, givosiran does not offer a benefit in terms of fatigue or
nausea compared to placebo.

Living with AHP was reported by patients and clinicians as having a substantial impact on
HRQoL; an improvement in HRQoL was an important outcome to patients. Study 003 included
3 HRQoL outcomes: the SF-12, EQ-5D-5L, and PGIC, evaluated as a change from baseline at
month 6. Each of these outcomes is well validated and widely used in clinical trials; however
they are generic HRQoL measures that have not been evaluated in patients with porphyria.
Also, an MID specific to porphyria was not identified for these outcomes. An MID of 3.29 on
the SF-12 PCS was reported for patients with low back pain,?' but whether this is applicable to
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patients with AHP is unknown. The HRQoL outcomes were not controlled for multiplicity, with
the exception of the PCS for SF-12; however, due to a failure to reject the null for an analysis
conducted earlier in the testing hierarchy, the reported P value must be interpreted nominally.
The treatment-group difference reported for the PCS of the SF-12 was 3.94 (95% Cl, 0.59 to
7.29; P =0.0216). As noted in the FDA review, “the PCS score included concepts that may not
be content relevant for the target population (general health, moderate activities, climbing
stairs) based on cited qualitative data in the Patient Symptom and Experience report.”*' This
is reflected in the domain scores of the PCS, in which the direction of the treatment-group
difference for the BP and RP domains appear to drive the overall PCS. The MCS was reported
descriptively and appears to be influenced by the SF domain. The Cls for the difference in the
mean change of the rest of the domains of the SF-12 cross 0. The within-group changes in
HRQolL, as measured by the EQ-5D-5L index score, were not clinically meaningful using the
MID estimated for the general population. Lastly, the PGIC was reported descriptively and was
an exploratory outcome. The majority of patients in the givosiran group (89%) reported an
improvement in their overall status after 6 months of treatment; however, this outcome was
related to overall health and was not specific to AHP. Overall, the evidence was not supportive
of an added benefit in HRQoL from treatment with givosiran compared to placebo.

Other efficacy outcomes included in Study 003 that were also important to patients include
the PPEQ, which evaluated activities of daily living and treatment-related questions, and

days of missed work or school. Both were exploratory outcomes and reported descriptively.
The PPEQ is an outcome that was created for patients living with porphyria, but it has not
been externally validated, and an MID was not identified. Overall, the percentages of patients
responding “much better” to questions about performing actions or tasks, “much better” to
questions about treatment satisfaction, and “always” to the question about treatment helping
them to live a normal life were higher in the givosiran group than in the placebo group for each
question. A conclusion regarding missed work or school was limited by missing data for more
than 50% of patients included in the trial and by lack of statistical testing.

An important consideration for the interpretation of the evidence that has been discussed for
givosiran is that 95% of the patient population in the pivotal trial, Study 003, are patients with
AIP. Only 5 non-AlP patients were included in the study. However, based on feedback from

the clinical experts and on the pathophysiology of all types of AHP, the results in patients with
AIP are generalizable to patients with non-AlP types of AHP. This was supported by the FDA
review, the European Medicines Agency review, and the Health Canada Review of the evidence
for givosiran. 194243

Four other relevant studies were summarized for this review: Study 001, Study 002, the OLE
of Study 003, and Study 005. Study 001 was a 3-part, multi-centre, placebo-controlled, phase
| study of the safety and tolerability of subcutaneous givosiran for the treatment of adults
with AIP. Parts A, B (n = 23), and C (n = 17) were single-ascending dose, multiple-ascending
dose, and multidose in design, respectively. Study 002 was an ongoing (at the time of this
review), multi-centre, open-label, phase I/1l study of the long-term safety and tolerability of
subcutaneous givosiran for treatment of adults with AIP who completed Study 001, part C
(N =16). Study 001, part C and Study 002 provided evidence for porphyria attack outcomes,
hemin use, and HRQoL through the EQ-5D-5L in patients who received givosiran 2.5 mg/

kg once monthly that was consistent with (and therefore supportive of) the evidence
summarized for the pivotal trial.

One of the major limitations of Study 003 was the 6-month duration of treatment. Considering
that treatment with givosiran is expected to continue long-term until there is a need for
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discontinuation, 6 months is an insufficient duration of time to assess long-term efficacy
and safety outcomes. Study 003 OLE (N = 77) is a phase IlI extension study of the long-term
efficacy and safety of givosiran for the treatment of adults with AIP that helps to fill the gap
in the knowledge of long-term outcomes. The OLE is expected to provide data for treatment
with givosiran up to 29 months, but information up to only 18 months was available for this
review. In short, the OLE provided evidence for the maintenance of treatment effect for an
additional 12 months following the DB treatment period (18 months on treatment in total) in
terms of frequency of acute attacks and urinary ALA and PBG levels, as well as evidence of
patient-reported outcomes of symptoms, HRQoL, and the PPEQ that were consistent with the
DB treatment period. Further, patients who switched from placebo in the DB treatment period
to givosiran in the OLE showed similar efficacy results over the 18 months to patients who
stayed on givosiran throughout the study.

Lastly, Study 005 is an international program that will provide expanded access to givosiran to
patients 12 years and older with AHPE It is ongoing, and no additional information is available.

Harms

In Study 003, 85% of patients with AIP experienced at least 1 AE, with nausea, injection-site
reaction, chronic kidney disease, fatigue, increase in ALT, and decrease in glomerular
filtration rate more commonly reported among patients who received givosiran. SAEs were
reported more frequently among patients in the givosiran group (17%) than among patients
in the placebo group (9%). Specific SAEs were infrequent, with the only SAEs reported

by more than 1 person being chronic kidney disease (2 patients in the givosiran group, 0
receiving placebo) and device-related infection (2 patients in the placebo group, 1 receiving
givosiran). The proportion of patients reporting AEs and SAEs among patients with all types
of AHP were similar to those reported in the AIP population. A single patient randomized

to receive givosiran withdrew from treatment due to AEs. The patient I discontinued
treatment because of ALT elevation. No deaths were reported during the 6-month DB period
of Study 003.

In the 18 months reported on for the OLE of Study 003, nearly all patients (94.8%) experienced
at least T AE. Consistent with the 6-month DB treatment period, the most commonly reported
AEs were nausea (32.5%), injection-site reaction (27.3%), and fatigue (22.1%), in addition to
nasopharyngitis (22.1%) and headache (19.5%). SAEs occurred in 24.7% of patients, with
chronic kidney disease, device breakage, and urinary tract infection being reported by 2.6% (n
= 2) of patients for each. There was 1 WDAE, and no deaths were reported. The patient who
withdrew from treatment received placebo during the DB treatment period and givosiran 1.25
mg/kg in the OLE, and withdrew due to a drug hypersensitivity.

Motor neuropathy, hepatocellular carcinoma, injection-site reactions, transaminase elevation,
and progression of renal impairment were included in the CADTH systematic review protocol
as notable harms. As previously described, injection-site reactions and transaminase
elevation were more common among patients receiving givosiran. Nerve compression

and peripheral neuropathy were reported for motor neuropathy and were more common

in the placebo treatment group. Progression of renal impairment was more common

in the givosiran group, and is included as a renal warning in the Health Canada label for
givosiran along with a hepatic warning for transaminase elevations.® There were no cases of
hepatocellular carcinoma reported during the 6-month treatment period, which may not have
been a sufficient amount of time during which to observe this safety outcome. The frequency
of notable harms was similar for patients with AHP.
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Considering that the available phase Ill evidence for the assessment of givosiran is limited
to a single placebo-controlled RCT with up to 18 months on treatment, a longer duration of
follow-up on givosiran treatment is required to determine the safety of the medication in the
longer term to reflect the anticipated chronic use of givosiran in clinical practice.

Conclusions

One DB, placebo-controlled, phase Il RCT, Study 003, evaluated the efficacy and safety

of givosiran compared to placebo. Included patients had a diagnosis of AHP and had
experienced at least 2 porphyria attacks in the 6 months before screening. Over the 6-month
treatment period, a 74% reduction in the rate of acute porphyria attacks was demonstrated
with givosiran compared to placebo in patients with AIP based on a rate ratio of 0.26 (95%
Cl,0.16 t0 0.41; P < 0.001). Similar results were reported in all patients with AHP. The primary
outcome of porphyria attacks was a composite outcome that included attacks requiring
hospitalization, an urgent health care visit, or IV hemin administration at home. This outcome
did not have a defined minimum clinical important difference. However, the clinical experts
identified that in general, a reduction in acute attacks was clinically relevant. A treatment
difference in favour of givosiran was also reported for reduction in annualized days of hemin
use and change from baseline in urinary ALA and PBG levels. This difference supports the
beneficial direction of the primary outcome. Management of pain was an outcome important
to patients, but the results did not demonstrate a clinically meaningful difference in daily
worst pain scores. Reported HRQoL outcomes were also important to patients, but subject
to limitations that hindered the interpretability of the results. With regards to the safety
assessment, the majority of patients in the trial experienced at least T AE, with nausea,
injection-site reaction, chronic kidney disease, fatigue, increase in ALT, and decrease in
glomerular filtration rate more commonly reported among patients who received givosiran.
Reported SAEs and treatment discontinuations due to AEs were infrequent, and no deaths
were reported. Although the DB treatment period was limited to 6 months on treatment,
evidence from the OLE of Study 003 demonstrated maintenance of treatment effect for up to
18 months and did not detect any new safety concerns. Gaps in the evidence of the efficacy
and safety of givosiran were identified in patients with concomitant prophylactic hemin use
and long-term safety and efficacy data beyond 18 months of treatment.
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Appendix 1: Literature Search Strategy

Clinical Literature Search

Overview
Interface: Ovid

Databases:

+ MEDLINE All (1946-present)
- Embase (1974-present)

- Note: Subject headings and search fields have been customized for each database. Duplicates between databases were
removed in Ovid.

Date of Search: March 23, 2021

Alerts: Bi-weekly search updates until project completion
Study types: No search filters used

Limits:

- Conference abstracts: excluded

Table 36: Syntax Guide

Syntax Description

/ At the end of a phrase, searches the phrase as a subject heading
MeSH Medical Subject Heading
fs Floating subheading
exp Explode a subject heading
* Before a word, indicates that the marked subject heading is a primary topic;
or, after a word, a truncation symbol (wildcard) to retrieve plurals or varying endings
# Truncation symbol for 1 character
? Truncation symbol for 1 or no characters only
adj# Requires terms to be adjacent to each other within # number of words (in any order)
i Title
.ot Original title
.ab Abstract
.hw Heading word; usually includes subject headings and controlled vocabulary
kf Author keyword heading word (MEDLINE)
kw Author keyword (Embase);
.dq Candidate term word (Embase)
.pt Publication type
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Syntax Description

.mp Mapped term

.m Registry number

.nm Name of substance word (MEDLINE)

yr Publication year

Jw Journal title word (MEDLINE)

Jx Journal title word (Embase)

freq=# Requires terms to occur # number of times in the specified fields
medall Ovid database code: MEDLINE All, 1946 to present, updated daily
oemezd Ovid database code; Embase, 1974 to present, updated daily

Multi-Database Strategy
1. (givlaari* or givosiran* or ALN-AST or ALNAST or WHO 10280 or WHO10280 or ROV204583W).ti,ab,kf,ot,hw,rn,nm.

T use medall
. *Givosiran/

(givlaari* or givosiran* or ALN-AST or ALNAST or WHO 10280 or WHO10280).ti,ab,kw,dg.
. 3or4d

. 20r6

2
3
4
5
6. 5 use oemezd
7
8. 7 not (conference abstract or conference review).pt.
9

remove duplicates from 8

Clinical Trials Registries
ClinicalTrials.gov
Produced by the US National Library of Medicine. Targeted search used to capture registered clinical trials.

[Search - givlaari OR givosiran OR “ALN-AS1” OR ALNAST OR "WHO 10280" OR WH010280]

Health Canada’s Clinical Trials Database
Produced by Health Canada. Targeted search used to capture registered clinical trials.

[Search terms - givlaari OR givosiran OR “ALN-AS1" OR ALNAST OR “WHO 10280" OR WH010280]

EU Clinical Trials Register
European Union Clinical Trials Register, produced by the European Union. Targeted search used to capture registered clinical trials.

[Search terms -- givlaari OR givosiran OR “ALN-AS1" OR ALNAST OR “WHO 10280" OR WH010280]
Grey Literature
Search dates: March 11 to 16, 2021

Keywords: givlaari OR givosiran OR "ALN-AS1” OR ALNAST OR "WHO 10280" OR WH010280
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Limits:
Updated: None
Search updated before the completion of stakeholder feedback period

Relevant websites from the following sections of the CADTH grey literature checklist Grey Matters: A Practical Tool For Searching
Health-Related Grey Literature (https://www.cadth.ca/grey-matters) were searched:
+ Health Technology Assessment Agencies

+ Health Economics

+ Clinical Practice Guidelines

+ Drug and Device Regulatory Approvals

+ Advisories and Warnings

+ Drug Class Reviews

+ Clinical Trials Registries

+ Databases (free)

+ Internet Search

CADTH Reimbursement Review Givosiran (Givlaari) 129


https://www.cadth.ca/grey-matters

Appendix 2: Excluded Studies

No studies were excluded at the full-text screening stage.
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Appendix 3: Detailed Outcome Data

Note that this appendix has not been copy-edited.

Figure 21: Forest Plot of AAR During the 6-Month Double-Blind;
Subgroup Analysis; AIP Patients (mFAS)
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AAR = annualized attack rate; AIP = acute intermittent porphyria; Cl = confidence interval; DB = double blind; FAS,,
= mFAS = AIP patients in full analysis set; N = no; Y = yes.

Rate ratio and corresponding Cls are derived using negative binomial regression model with the logarithm of the
follow-up time as an offset variable.

Source: Clinical Study Report.®

3
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Figure 22: Forest Plot of AAR During the 6-Month Double-Blind;
Subgroup Analysis; AIP Patients (FAS)
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AAR = annualized attack rate; AIP = acute intermittent porphyria; Cl = confidence interval; DB = double blind; N
=no; Y =yes.

Rate ratio and corresponding Cls are derived using negative binomial regression model with the logarithm of the
follow-up time as an offset variable.

Source: Clinical Study Report.®

Table 37: HRQoL Outcomes — EQ-5D-5L Individual Domain Data (6-Month DB Period, FAS)

AIP patients, n (%) All AHP patients, n (%)
Givosiran Givosiran
Outcome N =46 N =48
Mobility
| have no problems in walking I L ] |
| have slight problems in walking I L I I
| have moderate problems in walking | | | |
| have severe problems in walking | | | |
| am unable to walk I | I ]
Self-Care
| have no problems washing or dressing myself | I | I
| have slight problems washing or dressing myself | I | I
| have moderate problems washing or dressing myself | | | |
| have severe problems washing or dressing myself | n | |
| am unable to wash or dress myself | [ | | |
Usual Activities
| have no problems doing my usual activities ] I ] I
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AIP patients, n (%)

Givosiran Givosiran Placebo
Outcome N =46

N =48 N =46
| have slight problems doing my usual activities

All AHP patients, n (%)

| have moderate problems doing my usual activities

| have severe problems doing my usual activities

| am unable to do my usual activities

Pain/Discomfort

| have no pain or discomfort

| have slight pain or discomfort

| have moderate pain or discomfort

| have severe pain or discomfort

| have extreme pain or discomfort

Anxiety/Depression

| am not anxious or depressed

| am slightly anxious or depressed

| am moderately anxious or depressed

| am severely anxious or depressed

| am extremely anxious or depressed

Cl = confidence interval; DB = double blind; EQ-5D-5L = EuroQol 5 dimensions; FAS = full analysis set; SD = standard deviation.
Source: Clinical Study Report.®
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Appendix 4: Description and Appraisal of Outcome Measures

Note that this appendix has not been copy-edited.

Aim

To describe the following outcome measures and review their measurement properties (validity, reliability, responsiveness to

change, and MID):

« Annualized rate of porphyria attack (primary composite outcome): porphyria attacks requiring hospitalization, urgent health care visit,
or IV hemin administration at home

- Brief Fatigue Inventory — Short Form (BFI-SF)
« Brief Pain Inventory — Short Form (BPI-SF)
+ Nausea Numerical Rating Scale

- European Quality of Life Scale — 5 Dimensions - 5 Levels (EQ-5D-5L)

- PGIC
+ PPEQ
+ SF12v2

Findings

Table 38: Summary of Outcome Measures and Their Measurement Properties

Conclusions about measurement

Outcome measure

Annualized rate of
porphyria attack
(primary composite
outcome)

Consists of porphyria attacks
requiring:

+ hospitalization

+ urgent health care visit

+ IV hemin administration at home

properties

No literature was identified that
assessed the annualized rate of
porphyria attack for validity, reliability,
or responsiveness in patients with
porphyria.

Not identified in
populations with AHP.

assessing pain intensity and pain
interference.

A single question was used in the
ENVISION trial.

discriminative validity; internal
consistency; and test-retest reliability

were demonstrated for the instrument.

No literature was identified that
assessed the BPI-SF for validity,
reliability, or responsiveness in
patients with porphyria.

BFI-SF Self-reported, 9-item instrument for Construct, concurrent, and Not identified in
assessing fatigue. discriminant validity; internal populations with AHP.
A single question was used in the consistency; and reliability were
ENVISION trial demonstrated for the instrument.
No literature was identified that
assessed the BFI-SF for validity,
reliability, or responsiveness in
patients with porphyria.
BPI-SF Self-reported, 11-item instrument for Construct, convergent, and Not identified in

populations with AHP.
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Outcome measure properties

Nausea Numerical Self-reported, single question for Construct validity and reliability were Not identified in

Rating Scale assessing a patient’s level of nausea demonstrated for the instrument. populations with AHP.
in the past 24 hours on a scale from 0 No literature was identified that
to10. assessed the Nausea Numerical

Rating Scale for validity, reliability,
or responsiveness in patients with
porphyria.

EQ-5D-5L EQ-5D-5L index: Generic, preference- Validity and reliability have been Not identified in
based measure of HRQoL consisting demonstrated in a diverse population. | populations with AHP.
of 5 domglpgz mobllllty,.self-c?re, No literature was identified that MID for the index score
usual activities, pain/discomfort, and | 4ssessed the EQ-5D-5L for validity, was estimated to range
anxiety/depression. Scores range from reliability, or responsiveness in from 0.037 to 0.056 in
0'to 1 with higher scores indicating patients with porphyria. the general Canadian
better health status. population.

EQ VAS: Generic, preference-based
measure of HRQoL presented as a
scale from 0 to 100 with 0 anchored
as the worst possible health state and
100 as the best.

PGIC A single question answered based on a | No literature was identified that Not identified in
7-point numerical scale used for rating | assessed the PGIC for validity, populations with AHP.
global improvement with treatment. reliability, or responsiveness in

patients with porphyria.

PPEQ Eight questions used to assess daily No literature was identified that Not identified in
living activities, treatment experience, | assessed the PPEQ for validity, populations with AHP.
and functional status on a 5-point reliability, or responsiveness in
rating of change scale. patients with porphyria.

SF-12v.2 Patient-reported measure of HRQoL Validity and reliability have been Not identified in
based on a 4-week recall period. 12- demonstrated in a diverse population. | populations with AHP.
item version of the Short Form Health No literature was identified that
Survey.compo'sed of 8 concepts assessed the SF-12 for validity,
belonging to either the PCS or MCS. reliability, or responsiveness in
The PCS and MCS range from 0 to 100, | patients with porphyria.
where higher scores indicate better
HRQoL.

AHP = acute hepatic porphyria; BFI-SF = Brief Fatigue Inventory — Short Form; BPI-SF = Brief Pain Inventory — Short Form; EQ-5D-5L = European Quality of Life Scale — 5
Dimensions - 5 Levels; HRQoL = health-related quality of life; MCS = Mental Component Summary; MID = minimal important difference; PCS = Physical Component
Summary; PGIC = Patient Global Impression of Change; PPEQ = Porphyria Patient Experience Questionnaire; SF-12 v.2 = 12-item Short Form Health Survey, version 2; VAS

= visual analogue scale.

Annualized Rate of Porphyria Attack (Primary Composite Outcome): Porphyria Attacks Requiring Hospitalization,
Urgent Health Care Visit, or IV Hemin Administration at Home

In the ENVISION trial, the primary composite outcome was the annualized rate of porphyria attacks requiring hospitalization, urgent
health care visit, or IV hemin administration at home in patients with AIP during the 6-month DB period of the study. Patients or
caregivers were to record any potential porphyria attacks for the duration of the study when they occurred using the provided electronic
diary, by telephone, or email to the study site or investigator. Health care professionals could also notify the study centre of porphyria
attacks and all attacks were confirmed by the investigator. If an event was determined to be inconsistent with a protocol-defined attack,
an alternative reason was recorded.
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Porphyria attacks were defined as meeting all of the following criteria:

+ Acute episode of neurovisceral pain in abdomen, back, chest, extremities, or limbs
+ No other medically determined cause than a porphyria attack

+ Requiring treatment with IV dextrose, hemin, carbohydrates, analgesics, or other medications (e.g., antiemetics at a dose frequency
beyond the patient’s usual daily porphyria management)

The 3 components of the composite outcome were considered non-overlapping and porphyria attacks were defined as follows:

+ Requiring hospitalization: admission to an inpatient unit or a visit to an emergency department that resulted in an at least
24-hour stay

+ Requiring urgent health care visit: urgent, unscheduled office/practice, infusion centre, or emergency department visit that did not
meet the criteria for hospitalization

+ Requiring IV hemin administration at home: home was any location that did not meet the criteria for a hospitalization or urgent
health care visit

No literature was identified that assessed the annualized rate of porphyria attack for validity, reliability, or responsiveness in patients
with porphyria.

No MID was identified in populations with AHP.

Brief Pain Inventory — Short Form (BPI-SF)

The BPI is a questionnaire designed to provide information on 2 subscales: pain intensity (the sensory dimension, 4 items) and the
degree to which pain interferes with functioning in daily living (the reactive dimension, 7 items). It is recommended by the IMMPACT
as a core outcome measure of pain.* Four items assess pain intensity: 1) at its worst in the last 24 hours, 2) at its least in the last
24 hours, 3) average pain, and 4) pain right now, using a 0 to 10 NRS, with 0 representing “no pain” and 10 representing “pain as bad
as you can imagine.” For the 7 items assessing pain interference with functioning, patients are asked to rate how pain interferes with
7 life domains, including general activity, mood, walking ability, normal work, relations with others, sleep, and enjoyment of life, on a
similar 11-point NRS. The anchor points for each item of the interference scale are 0 = “not interfered” and 10 = “completely interfered.”
The scores for the 2 subscales (pain intensity and pain interference) range from 0 to 10 and are calculated using the mean of their
corresponding items’ scores. The total score of BPI is the mean of the subscale scores. A higher score represents a higher pain
intensity or pain interference. The BPI also contains supplemental items that allow a patient to indicate treatments they are receiving
for their pain, the percentage of relief obtained in the past 24 hours from the treatments, and the anatomic location of their pain on a
body diagram.?82°

Originally developed for evaluation of cancer pain (e.g., breast, prostate, colon, rectum, or gynecologic cancer), it has also been shown
to be a reliable (e.g., internal consistency and test-retest reliability) and valid (e.g., construct, convergent, and discriminative validity)
instrument for evaluation of non-malignant chronic pain (e.g., low back pain, osteoarthritis, rheumatoid arthritis or multiple sclerosis)
across various languages.?®? For the 2 subscales, test-retest reliability (r = 0.8 for either subscale) and internal consistency (Cronbach
alpha ranged from 0.81 to 0.89 and from 0.88 to 0.95, respectively) have been reported.* No literature was identified that assessed the
overall BPI-SF for validity, reliability, or responsiveness in patients with porphyria.

In the ENVISION trial, a single question was used from the BPI-SF to assess the severity of daily pain.® Patients were asked to rate
their worst level of pain experienced during the past 24 hours on a scale from 0 = “no pain” to 10 = “as bad as you can imagine.” As
a single item, it has shown internal consistency (0.70 < Cronbach alpha < 0.90) and reliability (between 0.8 and 0.96) among various
populations.?®

Although an overall MID of the BPI has not been identified from the literature, a 2-point change has been suggested as a reasonable
estimate of the MID for worst pain item among breast cancer patients with metastatic disease® while a 1-point change was suggested
for pain intensity in patients with chronic pain and musculoskeletal pain.* Farrar et al. looked at 10 placebo-controlled studies
investigating the use of pregabalin in patients with chronic pain (N = 2,724).2° Outcomes of the trials included both the pain intensity
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numeric rating scale (PI-NRS), which asks patients to rate their pain in the past 24 hours from 0 to 10) and PGIC. The investigators
defined clinical importance a priori to be “much improved” or better on the PGIC. They estimated that a change score of approximately
-2 points or percent change of —30% on the PI-NRS from baseline represented clinical improvement.?® No MID was identified in
populations with AHP,

Brief Fatigue Inventory — Short Form

The BFl is a self-reported questionnaire to assess the severity and impact of fatigue on daily functioning. Two dimensions are
measured in the 9-item instrument: fatigue (3 items on current, usual, and worst levels) and the interference of fatigue on daily life (6
items on general activity, mood, walking ability, normal work, relations with others, and enjoyment of life).3' The items are measured on
a 0to 10 NRS. For the severity of fatigue dimension, 0 represents “no fatigue” and 10 represents “fatigue as bad as you can imagine.”
For the interference from fatigue dimension, O represents “does not interfere” and 10 represents “completely interferes.” A score of 7 to
10 is considered severe fatigue.®? A global fatigue score can be obtained by averaging all the items on the BFI.46

Validity and reliability have been assessed in samples of patients with cancer, rheumatoid arthritis, and community-dwelling adults and
older adults.®" Construct validity, concurrent validity, and discriminant validity of the BFI have been demonstrated in cancer patients.
Reliability of the BFI was acceptable (Cronbach alpha values were 0.95 to 0.96) based on a study of 305 adult patients with cancer.??
Reliability and internal consistency were demonstrated in a sample of 302 community-dwelling older adults when the BFI-SF was
divided into 2 subscales, severity and interference, with Cronbach alpha values of 0.818 and 0.869, respectively.®' No literature was
identified that assessed the BFI-SF for validity, reliability, or responsiveness in patients with porphyria.

In the ENVISION trial, a single question was used from the BFI-SF to assess the severity of daily fatigue® Patients were asked to rate
their worst level of fatigue experienced during the past 24 hours on a scale from 0 = “no fatigue” to 10 = “as bad as you can imagine.”’

Both Chinese® and Taiwanese* versions of the BFI (BFI-C and BFI-T, respectively) have been previously validated. The BFI-C
demonstrated validity and reliability in a sample of 249 patients with cancer.®® As predicted by the investigators, the worst fatigue item
correlated with the fatigue-related items of the Chinese version of the SF-36 indicating convergent validity. The Pearson correlation
coefficients were —0.51, —0.49, 0.44, and —0.52 for the PCS, MCS, physical functioning subscale, and vitality subscale of the Chinese
SF-36, respectively. The mean scores for the worst fatigue item differed among patients with different ECOG performance status
levels (0 versus 1 versus 2 to 4) demonstrating known-group validity. Patients with a poorer ECOG performance status (2 to 4) showed
significantly higher worst fatigue scores (r = 0.421, P < 0.001). An MID for the worst fatigue item was estimated to be 1.5 using the0.5
SD method.®® The BFI-T showed validity and reliability in a sample of 235 inpatients and 186 outpatients from oncology clinics.*
Convergent validity was demonstrated between the worst fatigue item and fatigue-related subscales of the Taiwanese POMS short
form questionnaire. Pearson correlation coefficients were 0.82 and —0.69 between the BFI-T worst fatigue item and POMS vigour and
fatigue subscales, respectively. The investigators also noted that inpatients and patients with a lower Karnofsky Performance Status
had significantly higher worst fatigue scores demonstrating known-group validity.

No MID was identified in populations with AHP.

Nausea Numerical Rating Scale

The Nausea Numerical Rating Scale is a self-reported, single question used to assess the severity of nausea a patient experiences.? In
the ENVISION trial, patients were asked to rank the worst nausea they felt in the past 24 hours on a 0 to 10 NRS where 0 represents “no
nausea” and 10 represents “nausea as bad as you can imagine.”

In a study by Meek et al., the nausea NRS was compared to a VAS for nausea, the latter of which has been previously validated in
patients visiting the emergency department.®* Meek et al. used data from a convenience sample of 258 patients who visited the
emergency department in Australia.® Patients rated their nausea on 3 scales: (1) 100 mm VAS where the far left represented “no
nausea” and the far right “unbearable nausea;” (2) NRS where 0 indicated “no nausea” and 10 “unbearable nausea;” and (3) adjectival
scale consisting of descriptors “none,” “mild,” “moderate,” and “severe.” The instruments were administered both at enrolment and

30 minutes after treatment. The results showed that the VAS and NRS correlated well with T another (Spearman rank correlation

NG

coefficient = 0.83) and that the scales could discriminate between descriptors of the adjectival scale. For the NRS, “severe,” “moderate,’
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‘mild,” and “none” had median (interquartile range) scores of 9 (810 9), 6 (5t0 7), 4 (3to 5), and 0 (0 to 1), respectively. On the VAS, the
same categories had medians (interquartile range) of 90.5 mm (79 to 97 mm), 59 mm (48 to 71 mm), 34 mm (25 to 49 mm). and 5 mm
(3 to 5 mm), respectively. The differences between each adjective category were found to be statistically significant for both numerical
scales. The NRS and a verbal form of the adjectival scale have been compared in 479 Swedish patients before and after major surgery
and showed similar correlation.*® The Spearman rank correlation coefficient was 0.79 between the verbal scale (also using “none,’
‘mild, “moderate,” and “severe”) and the NRS. In these studies, patients were asked for their current level of nausea rather than their
worst level over a specified time period.

No literature was identified that assessed the Nausea Numerical Rating Score specifically for worst nausea experienced.

No MID was identified in populations with AHP.

European Quality of Life Scale — 5 Dimensions - 5 Levels (EQ-5D-5L)

The EQ-5D is a generic, self-reported, HRQoL instrument developed by the EuroQol Group that is applicable to a wide range of health
conditions and treatments.?? As a generic measure of HRQoL that can capture the net effect of treatment benefits and harms, the
EQ-5D provides valuable information from the patient perspective. The original 3-level version of the EQ-5D (EQ-5D-3L) was introduced
in 1990 and was composed of 5 dimensions pertaining to HRQoL.?2 Respondents indicate their health status in terms of 5 dimensions
based on 3 levels of severity. To improve sensitivity and reduce ceiling effects, the EQ-5D-3L was updated in 2005 and expanded to 5
levels for respondents to answer each dimension with, thus creating the EQ-5D-5L, which was used in the ENVISION trial .22

The EQ-5D-5L consists of a descriptive system and the EQ VAS. The descriptive system comprises 5 dimensions: mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression. Each dimension is answered based on 5 levels, where 1 = “no problems,” 2
= “slight problems,” 3 = “moderate problems,” 4 = “severe problems,” and 5 = “extreme problems” or “unable to perform,” which is the
worst response in the dimension.?” Respondents choose the level that reflects their health state for each of the 5 dimensions. In total,
there are 3,125 possible unique health states defined by the EQ-5D-5L, with 11111 and 55555 representing the best and worst health
states, respectively. The numerical values assigned to levels 1 to 5 for each dimension reflect rank order categories of function. In
terms of measurement properties, these are ordinal data and do not have interval properties, therefore, they should not be summed
or averaged to, for example, produce a single dimension score. Results from the EQ-5D-5L descriptive system can be converted into
a single index score using a scoring algorithm taking the local patient and population preferences into account. Therefore, the index
score is a country-specific value and a major feature of the EQ-5D instrument.?® The range of index scores will differ according to the
scoring algorithm used; however, in all scoring algorithms of the EQ-5D-5L, a score of O represents the health state “dead” and 1.0
reflects “perfect health.” Negative scores are also possible for those health states that society (not the individual patient) considers to
be “worse than dead”

The EQ VAS records the respondent’s self-rated health on a vertical VAS where the end points are labelled 0 (“the worst health you can
imagine”) and 100 (“the best health you can imagine”). Respondents are asked to mark a X on the point of the VAS that best represents
their health on that day. The EQ-5D index and VAS scores can be summarized and analyzed as continuous data.???® Overall, the EQ-5D
produces 3 types of data for each respondent:

+ a profile indicating the extent of problems on each of the 5 dimensions represented by a 5-digit descriptor, such as 11121 or 21143,
+ a population preference-weighted health index score based on the descriptive system,
+ a self-reported assessment of health status based on the EQ VAS.

The EQ-5D-5L has been validated in terms of feasibility, ceiling effects, discriminatory power, and convergent validity in a diverse patient
population from 6 countries with chronic conditions.?? No literature was identified that assessed the EQ-5D-5L for validity, reliability, or
responsiveness in patients with porphyria.

In EXPLORE, a prospective, multinational, natural history study, patients with AHP and recurring attacks were enrolled if they had at
least 3 attacks in the 12 months before the start of the study or were receiving prophylactic treatment.®® In total, 112 patients were
followed for at least 6 months with an optional extension to 12 months. EQ-5D-5L was used to assess HRQoL at baseline, 6, and 12
months during EXPLORE. Overall, mean baseline index scores were 0.78 (SD = 0.15) which the authors noted to be lower than a typical
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score of 0.92 from the European population of with the same age range (median age in EXPLORE = 38 years, reference population
age 35 to 44 years). More than half of patients in the study reported having at least some problem with pain/discomfort (64%),
anxiety/depression (51%), and ability to perform usual activities (51%). The study population’s baseline VAS score was 66 which was
maintained throughout EXPLORE. The authors observed no notable difference in EQ-5D-5L scores between those who were receiving
prophylactic treatment and those who were not.

A Canadian-specific estimate of an MID for the EQ-5D-5L was generated by simulating the effects of single level transitions in each
dimension.*® The results yielded MIDs with a summarized mean of 0.056 (SD = 0.011), and a summarized median of 0.056 (interquartile
range = 0.049 to 0.063).° No MID was identified in populations with AHP.

Patient Global Impression of Change

The PGIC is a widely used, validated outcome measure for clinical pain trials.?*?® It is a single question answered on a 7-point numerical
scale to indicated perceived change in overall health status since the study began. Patients are asked to consider their overall health
since the start of the trial by choosing a response from the following: 1 = “very much improved,” 2 = “much improved,” 3 = “minimally
improved,” 4 = “no change,” 5 = ‘minimally worse,” 6 = “much worse,” 7 = “very much worse."?

In a dataset of 2,724 patients who received pregabalin for diabetic neuropathy, postherpetic neuralgia, chronic low back pain,
fibromyalgia, and osteoarthritis from 10 placebo-controlled clinical trials, the 11-point PI-NRS and PGIC were used as determinants of a
clinically important difference and the relationship between the 2 outcome measures was explored. A consistent relationship between
the change in 11-point PI-NRS and the PGIC was demonstrated regardless of study, disease type, age, sex, study result, or treatment
group.?® The PGIC questionnaire has been recommended for use in chronic pain clinical trials by IMMPACT as a core outcome measure
of global improvement with treatment.?’

No literature was identified that assessed the PGIC for validity, reliability, or responsiveness in patients with porphyria.

No MID was identified in populations with AHP.

Porphyria Patient Experience Questionnaire

The PPEQ consists of 8 questions used to assess a patient’s ability to perform daily living activities (questions 1 to 5), treatment
experience (questions 6 and 7), and functional status (question 8) on a 5-point global rating of change scale.® The first 5 items deal
with travel, social activities, planning for the future, completing household tasks, and exercising. Items 6 and 7 ask about convenience
and satisfaction with treatment, while the last question asks about the medication’s ability to help the patient achieve a more normal

nou nou

life compared to before the study. For the first 7 items, patients select from the following options: “much better,” “minimally better," “‘no

»ou

change,” “minimally worse,” or “much worse” based on their current experience compared to before the start of the study. The last item

"o nou nou

is answered by choosing 1 of the following: “always,” “most of the time,” “sometimes,” “rarely,” or “never” based on the last 4 weeks.
Responses for each of the 8 questions of the PPEQ were reported descriptively in the ENVISION trial.

No literature was identified that assessed the PPEQ for validity, reliability, or responsiveness in patients with porphyria.

No MID was identified in populations with AHP.

12-item Short Form Health Survey, version 2 (SF-12 v.2)

The SF-12 is a generic, patient-reported measure of HRQoL based on the 36-item version of the survey (SF-36). Patients answer based
on a 4-week recall period. Each item falls into 1 of 8 health scales, including:

« physical functioning (PF), 2 items

« role physical (RP), 2 items

+ bodily pain (BP), 1 item

+ general health (GH), 1 item

« vitality (VT), T item
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+ social functioning (SF), 1 item
+ role emotional (RE), 2 items
+ and mental health (MH), 2 items.?°

The “physical functioning” scale assesses the extent to which daily life is affected, “role physical” measures limitations in roles

due to problems with physical health, “bodily pain” measures the frequency of pain and how much pain interferes with normal
functioning, “general health” measures the patient’s perception of their overall health, “vitality” assesses fatigue and energy levels,
“social functioning” measures how much a patient’s iliness affects social functioning, “role emotional” assesses role limitation due
to emotional issues, and “mental health” assesses psychological distress.?® The first 4 scales (PF, RP, BR, and GH) make up the PCS
while the latter 4 (VT, SF, RE, and MH) fall under the MCS. The PCS and MCS correspond to the physical and psychological burden

of disease, respectively. The component summaries are standardized to have a mean of 50 and SD of 10 based on the general US
population and higher scores reflect better HRQoL.?° In the ENVISION trial, the PCS was a secondary outcome while the MCS was an
exploratory outcome.

Test-retest reliability of the SF-12 summary scores have been demonstrated in the general US and UK populations with coefficients
of 0.890 and 0.864, respectively, for the PCS, and 0.760 and 0.774 for the MCS.?° Discriminant validity was demonstrated for groups
known to differ in physical and mental conditions, and cross-validation was assessed between the SF-12 and SF-36 with correlations
of 0.957 and 0.969 for the PCS and MCS, respectively. No literature was identified that assessed the SF-12 for validity, reliability, or
responsiveness in patients with porphyria.

MIDs for the SF-12 PCS and MCS have been estimated based on a study of 458 patients with lower back pain.?’ The 4 methods used

to calculate the MID included the minimum detectable change (MDC), average change, change difference (CD), and receiver operating
characteristic curve, which allowed for calculation of AUC. MID estimates ranged from 0.56 to 3.29 based on the MDC and CD methods,
respectively, for the PCS. The MID for the MCS was suggested to range from 1.13 to 3.77 based on the CD and MDC methods,
respectively. Overall, the authors suggested that an improvement of at least 3.29 on the PCS and 3.77 on the MCS would be clinically
meaningful to patients with low back pain.?' No MID was identified in populations with AHP.
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Abbreviations

AAR annualized attack rate

AHP acute hepatic porphyria

AIP acute intermittent porphyria

BIA budget impact analysis

BSC best supportive care

HRQoL health-related quality of life

ICER incremental cost-effectiveness ratio
OLE open-label extension

QALY quality-adjusted life-year
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Executive Summary

The executive summary comprises 2 tables (Table 1 and Table 2) and a conclusion.

Table 1: Submitted for Review

ltem Description

Drug product

Givosiran (Givlaari), 189 mg/mL solution for subcutaneous injection

Submitted price

Givosiran, 189 mg/mL, solution for subcutaneous injection: $64,454.30 (price per carton
containing 1 single-use 2 mL vial, which holds 1 mL givosiran sodium in solution)

Indication

For the treatment of acute hepatic porphyria in adults

Health Canada approval
status

NOC

Health Canada review
pathway

Priority review

NOC date

October 9, 2020

Reimbursement request

As per indication

Sponsor

Alnylam Netherlands B.V.

Submission history

Previously reviewed: No

NOC = Notice of Compliance.

Table 2: Summary of Economic Evaluation

Component Description

Type of economic
evaluation

Cost-utility analysis
Markov model

Target population

Adults with a documented diagnosis of acute hepatic porphyria

Treatment

Givosiran

Comparator

BSC: no treatment

Perspective

Canadian publicly funded health care payer

Outcome

QALY; life-years

Time horizon

Lifetime (defined as 59 years)

Key data source

ENVISION trial

Submitted results

Compared with BSC, givosiran was dominant (associated with more QALYs, with a gain of 13.23) and
less costly (savings of $8,658,644)
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Component Description

Key limitations + Feedback from the clinical experts indicated that the sponsor did not appropriately conceptualize
AHP disease severity: the model considered all attacks to be equal in nature, and the mean
number of annualized attacks in the severe health state (I attacks) in the model was unrealistic.
This led to an overestimation of health care resource use, particularly for patients receiving BSC.

There is no evidence available to support a QALY benefit with givosiran due to a reduction in
long-term AHP-related chronic conditions, as assumed by the sponsor.

The long-term efficacy of givosiran is uncertain because data are available for up to 18 months
only. More than 98% of the benefit with givosiran is from the period for which there are no
observed data. Additionally, the sponsor’s efficacy assumptions in the model overestimate the
relative reduction in attacks with givosiran vs. BSC when compared with the trial data.

Asymptomatic patients who discontinued givosiran at any point in time for reasons other than
menopause did not experience any probability of future recurrent attacks but were instead
assumed to maintain clinical benefit from treatment over the lifetime. This is an unrealistic
assumption favouring givosiran because total costs are underestimated.

The model assumed that female patients who experienced attacks just before the onset of
menopause would continue to experience attacks post-menopause, an assumption that was
inconsistent with clinical expectations of the impact of menopause on the natural history of AHP.
This overestimated the number of attacks experienced post-menopause, particularly for female
patients receiving BSC.

The sponsor did not consider the potential for differences in the rate of reduction of attacks with
givosiran by care setting (i.e., attacks requiring hospitalization or an urgent health care visit). This
may have introduced uncertainty into the estimates of cost-effectiveness with givosiran, given that
attacks treated in hospital have different costs than those treated in urgent care.

CADTH also identified several other limitations that introduce uncertainty and may bias the results
in favour of givosiran, including the amount of hemin required during urgent health care visits, the
mean duration of a porphyric attack, assumptions around opioid addiction in AHP, baseline patient
characteristics that do not align with the Canadian population, the inclusion of caregiver utilities,
and misalignment between the probabilistic and deterministic results.

CADTH conducted reanalyses that included: removing the severe health state; revising health state
utility values to reflect a similar disutility due to chronic conditions for all patients; assuming all
patients remained on givosiran from the end of the OLE period (18 months) until death; assuming
that all female AHP patients who experienced attacks just before menopause onset became
asymptomatic at the onset of menopause; changing the amount of hemin to 1 vial per urgent
health care visit; changing the mean duration of an acute attack; setting the proportion of patients
with an opioid addiction to 0%; revising the mean starting age and proportion of female patients

to reflect the baseline characteristics of the trial population; and removing caregiver disutilities.
CADTH also presented the results deterministically due to issues with the sponsor’s probabilistic
analyses that could not be addressed.

Based on the CADTH reanalyses, the ICER for givosiran vs. BSC is $17,928,198 per QALY gained.
A 63% price reduction was required for givosiran to be considered cost-effective at a $50,000 per
QALY threshold.

When considering a scenario restricted to patients with recurrent AHP, the ICER for givosiran
vs. BSC is $14,211,820 per QALY gained. A 57% price reduction was required for givosiran to be
considered cost-effective at a $50,000 per QALY threshold.

Importantly, the cost-effectiveness of givosiran was driven by the price of givosiran and factors
affecting both the frequency of acute attacks for patients receiving BSC and their associated
costs.

CADTH reanalysis results

AHP = acute hepatic porphyria; BSC = best supportive care; ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life-year; OLE = open-label extension; vs.
= versus.
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Conclusions

The ENVISION trial demonstrated a clinically meaningful reduction in the rate of acute
porphyric attacks in adult patients with acute intermittent porphyria (AIP) compared to
placebo. The findings are generalizable to all patients with acute hepatic porphyria (AHP),
based on the primary composite end point, which included attacks requiring hospitalization,
an urgent health care visit, or IV hemin administration. The comparative evidence on the rate
of attacks between treatment arms was available for 6 months; data on givosiran that were
available for an additional 12 months based on an open-label extension (OLE) period showed
a maintenance of treatment effect. However, the clinical efficacy and safety of givosiran
beyond 18 months are unknown. There was also no evidence available on the impact of
givosiran on AHP-related chronic conditions or on any reduction in complications of AHP. The
CADTH clinical review further noted several limitations with the evaluation of health-related
quality of life (HRQoL) data, which prevented the interpretation of whether there was an
added benefit in this outcome measure from treatment with givosiran compared with placebo
in the trial.

The CADTH base-case reanalysis included removing the severe health state; revising health
state utility values to reflect a similar impact of AHP-related chronic conditions for all patients;
assuming that all patients remained on treatment from 18 months until death (lifetime time
horizon); assuming that all female AHP patients who experienced attacks in the symptomatic
and recurrent health states before menopause onset became asymptomatic at the onset of
menopause; assuming that only 1 vial of hemin was used for a single urgent health care visit;
and changing the mean duration of an acute attack, among other changes. In the CADTH
base case, givosiran was associated with an incremental cost-effectiveness ratio (ICER) of
$17,928,198 per quality-adjusted life-year (QALY) gained (incremental costs of $6,205,467
and an incremental benefit of 0.35 QALYs) compared with best supportive care (BSC). A price
reduction of at least 63% would be required for givosiran to be considered cost-effective at a
willingness-to-pay threshold of $50,000 per QALY gained.

CADTH was unable to address important limitations related to how the model was
conceptualized with regards to AHP disease severity and uncertainties with the long-term
efficacy of givosiran. The cost-effectiveness of givosiran was primarily driven by drug
acquisition costs and assumptions affecting the number of, and costs associated with, acute
porphyric attacks requiring IV hemin.

Stakeholder Input Relevant to the Economic Review

This section is a summary of the feedback received from the patient groups, registered
clinicians, and drug plans that participated in the CADTH review process. Specifically, it
contains information that pertains to the economic submission.

Two patient groups, the American Porphyria Foundation and the Canadian Association

for Porphyria, provided input. Patient input indicated that AHP is a life-threatening group

of diseases characterized by attacks that cause excruciating, burning pain, nerve damage,
nausea, a rapid pulse, and paralysis, among other symptoms. Patients reported that the
nature of the condition and seriousness of the attacks resulted in a life of extreme suffering
because the attacks had major impacts on their daily lives and affected their ability to work,
have a career, and sustain relationships with family and friends. Patients reported that
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attacks were associated with hospitalizations and could lead to death. Patients indicated that
hemin administered by infusion through a central line or peripheral vein is the only treatment
prescribed to treat attacks, but it does not prevent them. They also stated that even if
givosiran were available, access to hemin would still be critical to stopping attacks once they
occur (however, patients may be less likely to have attacks while on treatment with givosiran).
Patients who had received treatment with givosiran indicated that it was life-changing
because it was able to significantly reduce the overall number of attacks, or nearly eliminate
attacks, almost immediately. They reported that givosiran was associated with some side
effects, including injection-site reactions, allergic reactions, and nausea; however, they also
indicated that givosiran was an easier treatment to take than hemin infusions and could be
administered on a monthly basis.

No registered clinician input was received.

Feedback from the drug plans noted that there were no available treatment options for

the indicated population to prevent attacks, only to treat attacks. These options included
carbohydrate loading or hemin, particularly for recurrent AIP among women, in whom
carbohydrate therapy is inadequate. Preventive measures include avoidance of triggers. Drug
plans had concerns related to combining givosiran with hemin. They were also concerned
about the anticipated budget impact of reimbursing givosiran but noted that it may offset the
costs associated with treating attacks.

Several of these concerns were addressed in the sponsor’s model:

- The sponsor’s base-case analysis compared givosiran to BSC (i.e., no active treatment to
prevent attacks), which is reflective of current clinical practice, based on the patient and
drug plan input.

- The sponsor modelled HRQoL by assigning a temporary decline in quality of life
associated with acute attacks every cycle to capture the impact of attacks on a patient’s
quality of life, as well as a disutility associated with the long-term impacts of underlying
chronic conditions by health state; however, the latter was associated with considerable
uncertainty.

In addition to the base-case analysis conducted from the public health care payer
perspective, the sponsor also included a scenario analysis from the societal perspective
to capture the costs associated with patients’ and caregivers’ lost productivity. CADTH
similarly reported a scenario analysis under a societal perspective.

CADTH was able to address the following concerns:

- In addition to the budget impact analysis (BIA) base case conducted from the drug
program plan perspective, CADTH reported base-case results from the broader public
health care payer perspective to address drug plans’ concerns about the anticipated
budget impact and highlight which drug costs would be incurred by drug plans versus the
health care payer.

CADTH was unable to address the following concerns raised from stakeholder input:

- Combination usage with IV hemin outside of its use during acute attacks.
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Economic Review

The current review is for givosiran (Givlaari) for adult patients with AHP.

Economic Evaluation

Summary of Sponsor’s Economic Evaluation
Overview

The sponsor submitted a cost-utility analysis assessing givosiran versus BSC (i.e., no active
treatment to prevent attacks) for the treatment of adults with AHP. The modelled population
was aligned with the Health Canada—indicated population.

The recommended dose of givosiran is 2.5 mg/kg once monthly through subcutaneous
injection. At a submitted cost of $64,454 per single-use 2 mL vial (189 mg/mL), the average
annual cost of givosiran is approximately $773,448 for a patient weighing 67 kg." The
economic analysis was conducted from the perspective of the public health care payer over
a lifetime time horizon (defined as 59 years). Costs and clinical outcomes (i.e., QALYs) were
discounted at a rate of 1.5% per annum.” Drug wastage was assumed.

Model Structure

A Markov model structure was employed to capture the long-term costs and effects of AHP,
a debilitating disease that is characterized by intermittent attacks causing a range of nervous
system symptoms.'? The disease course was modelled through 4 health states defined

by the mean number of attacks requiring treatment with IV hemin experienced in a given
year (asymptomatic: 0; symptomatic: > 0 to < 4; recurrent: > 4 to < 24; severe: > 24) and an
absorbing death state.® With the exception of the severe health state (which was based on
an arbitrary assumption), all health states were conceptualized according to an AHP disease
severity classification framework identified in the literature.® Each model cycle was 6 months
in duration to align with the double-blind period of the ENVISION trial. All patients entered

the model in either the symptomatic, recurrent, or severe health state, according to the
distribution of baseline disease severity in the ENVISION trial,* and could experience a number
of acute porphyria attacks every 6 months based on the state they occupied. Patients who
received givosiran and BSC could either worsen by moving from the health state of entry to a
health state of greater disease severity (e.g., recurrent or severe), or improve by moving to a
less severe health state. Patients could move to the absorbing death state during any cycle.’

Model Inputs

The patient cohort comprised AHP patients (the majority with AIP, the most common type)
whose baseline characteristics mainly reflected those outlined in a study by Roblin et al.
(2020)° describing Canadian physicians’ experiences in diagnosing AHP. Specifically, the

age of the modelled population was 41 years, and 61% of the population was female.® The
mean patient weight of the modelled population was 66.84 kg, which aligned with the patient
population in the ENVISION trial.#

To derive patient transition probabilities between health states, the sponsor pooled individual
efficacy data on the number of acute attacks from the ENVISION trial at different time points.
For patients on givosiran, separate transition matrices were derived from observations at 6
months, 12 months, and 18 months (reflecting the double-blind and OLE periods), while for
patients receiving BSC, a single transition matrix at 6 months was derived. For each transition
matrix, the sponsor determined the mean annualized attack rate (AAR) of each patient at
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the beginning of the relevant time period, then determined their mean AAR at the end of
each time period. Patients were then categorized into the 4 possible health states based on
their mean AAR,; the likelihood of moving between each state over the course of that time
period was derived by combining the data for all patients for each possible transition (e.g.,
recurrent at the beginning of the cycle to symptomatic). After the first 6 months, patients
who had received BSC were assumed to remain in the same health state, such that they
could neither improve nor worsen (i.e., no further transitions between alive states, only
transition to death) for the remainder of the model time horizon. This assumption was due
to a lack of natural history data on the likelihood of disease worsening or improvement.
Patients who received givosiran could continue to move between the AHP disease severity
health states based on the transition probabilities derived at the end of the 18-month OLE
period for an additional 3.5 years (up to year 5), unless treatment was discontinued for any
reason, or until death. From year 5, patients on givosiran were also assumed to remain in the
same health state for the remainder of the model time horizon until their death. The mean
number of attacks experienced in each health state was based on the mean pooled AAR for
all patients within each disease severity classification. Time to off-treatment with givosiran
was based on a parametric extrapolation of time to discontinuation data obtained from the
18-month observation period for patients on givosiran and extrapolated for the entire model
time horizon. Based on the best-fitting curve, a probability of treatment discontinuation
averaging approximately 2.5% per cycle (every 6 months) was applied to patients receiving
givosiran, who could discontinue treatment at any time during the model time horizon.?
Upon discontinuation, patients who originally received givosiran were assumed to remain in
their existing health state and to have the same transition probabilities as patients receiving
BSC. The sponsor’s model also included the assumption that female patients who were
asymptomatic and receiving givosiran at the age at which they experienced menopause
would discontinue treatment and remain in the asymptomatic health state, given that the
likely trigger for their attacks was now absent.

Treatment-related adverse events associated with givosiran and BSC in the model were
based on the incidence of severe adverse events that occurred during the 6-month, double-
blind period of the ENVISION trial.? The proportion of patients with AHP-related chronic
conditions by health state was based on a study by Neeleman et al. (2018).2 Background
mortality was modelled using all-cause age- and sex-specific mortality rates from the
general population. Based on a Norwegian study of patients with AHP, an increased risk of
mortality was applied for patients with AHP compared to the general population.® The model
assumed no differences in mortality between AHP health states and no survival benefit of
givosiran over BSC.?

Health state utility values were applied to each AHP disease severity health state, beginning
with an age-specific utility value for the general population (between age groups 40 years
to 44 years and 45 years to 49 years) and subtracting AHP-related utility decrements.
Specifically, a temporary disutility associated with each acute attack (assumed to last

7.29 days, on average, according to the EXPLORE trial’) and a long-term utility decrement
associated with the presence of AHP-related chronic conditions was applied at every model
cycle. Caregiver disutilities were applied to each AHP disease severity health stated based
on the stage of Multiple Sclerosis severity as a proxy, based on an observational study by
Ancaster et al. (2013).2

Costs captured in the economic model included those associated with acute attacks,
AHP-related chronic conditions, treatment-related adverse events, opioid addiction, and
end-of-life care. A micro-costing approach of resource use for the treatment of AHP attacks
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was undertaken to derive the costs of acute porphyric attacks treated in hospital or at urgent
health care facilities using published literature, Canadian databases, and expert opinion.” As
part of this approach, the sponsor assumed an average length of hospital stay of 7.29 days
for attacks requiring hospitalization to align with the assumption about the average duration
of an attack. Costs associated with IV hemin treatment and administration were based on a
previous CADTH Technology Review for Panhematin.® The number of vials of hemin required
to treat an attack differed by location of treatment, with 2.5 vials required in an urgent health
care facility and 4 vials required for treatment in hospital. The costs of opioid addiction

were based on a study that examined the societal costs of untreated opioid dependence

in Canada by Wall et al. (2000)."° These were applied to 82% of patients, in the recurrent

and severe health states, based on a study by Neeleman et al.® The sponsor also included
costs associated with managing AHP-related pain and chronic neurologic and psychiatric
conditions. These were based on a variety of sources in the literature.

Summary of Sponsor’s Economic Evaluation Results

The sponsor presented both deterministic and probabilistic analyses for its base case. The
results of these analyses were not aligned, given that the total costs obtained with givosiran
in both analyses differed by more than 15%. CADTH could not determine the source of

this discrepancy. As a result, the deterministic findings are presented in Table 3, and the
probabilistic results are commented on in comparison.

Base-Case Results

In the sponsor’s deterministic base case, givosiran was found to be less costly (-$8,658,644)
and more effective (13.23 incremental QALYs) over a lifetime time horizon than BSC. As a
result, it was dominant over BSC." The majority of costs associated with givosiran are from
drug acquisition, with the drug’s incremental cost savings in comparison with BSC derived
almost entirely from the avoidance of acute attacks requiring IV hemin. The model results
indicated that 1.4% of the incremental benefit of givosiran compared with BSC was derived
from the 6-month period for which there are trial data, with the remaining 98.6% from the
period for which there are no available data.

Givosiran was dominant in the sponsor’s probabilistic analysis as well. The main difference
between the probabilistic and deterministic results is a variation in the total costs associated
with givosiran, which were $9.3 million in the deterministic base case and $11 million in the
probabilistic base case.

Sensitivity and Scenario Analysis Results

The sponsor conducted several sensitivity and scenario analyses. These included adopting
the societal perspective (i.e., including productivity costs); varying the discount rate (0%
and 3%); extrapolating the treatment efficacy of givosiran up to 3 years and assuming that

Table 3: Summary of the Sponsor’s Economic Evaluation Results (Deterministic)

Incremental costs Incremental QALYs of
Total costs ($) of givosiran (S) Total QALYs givosiran ICER vs. BSC (S/QALY)
BSC 17,987,732 NA 5.81 NA NA
Givosiran 9,329,088 -8,658,644 19.04 13.23 Dominant

BSC = best supportive care; ICER = incremental cost-effectiveness ratio; NA = not applicable; QALY = quality-adjusted life-year; vs. = versus.
Source: Sponsor’s pharmacoeconomic submission.’
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patients would remain in their respective health states at that time point for the remainder
of the model time horizon; setting the hospital length of stay to be equal to the number

of hemin administrations received per attack treated in hospital (i.e., 4); assuming that
patients who discontinued treatment with givosiran would have a |% per-cycle probability of
disease worsening; and assuming that patients who received BSC would have a |% per-cycle
probability of progressive disease after the first 6 months, up to year 5. In all scenarios,
givosiran remained dominant compared with BSC.

CADTH Appraisal of the Sponsor’s Economic Evaluation

CADTH identified several key limitations to the sponsor’s analysis that have notable
implications on the economic analysis:

- Conceptualization of the model based on the frequency of acute porphyric attacks

may not appropriately capture disease severity: Several issues were identified with

the conceptualization of the sponsor’s submitted model structure in terms of how
disease severity was captured. First, the sponsor modelled the disease course with AHP
based on the mean number of acute attacks per year requiring IV hemin administration
(asymptomatic: 0; symptomatic: > 0 to < 4; recurrent: > 4 to < 24) according to an AHP
disease classification framework proposed by Neeleman et al. (2018).2 The sponsor also
added a severe health state (> 24 attacks per year) based on an arbitrary assumption. The
clinical experts consulted by CADTH indicated that the sponsor’s conceptualization of the
model was limited by this classification because disease severity is not solely defined by
frequency of attacks. It is also defined by the nature and durations of attacks and the level
of intervention required. However, the sponsor’'s model was conceptualized on the basis
that each attack was the same, with frequency driving severity.

Additionally, the severe health state classification (defined by a mean AAR of |) was not
reflective of Canadian clinical practice, according to the clinical experts consulted by
CADTH. They indicated that this mean AAR was unrealistic. They further noted that the
number of attacks requiring hospitalization or an urgent health care visit with IV hemin
administration was unlikely to be more than 10 per year in Canadian clinical practice,
with an average of 6 attacks per year being more common. The sponsor claimed that the
mean AAR for the severe health state was derived from the ENVISION trial; however, this
information could not be verified by the CADTH clinical review team. The CADTH clinical
experts speculated that if these attacks were, in fact, obtained from trial data, then it is
likely that the number of attacks was overestimated because it included mild attacks not
requiring IV hemin use, as per the trial’s definition of an attack. Consequently, this may
have driven the frequency of attacks in the model to a number higher than expected in
practice. Because more patients receiving BSC were in the severe health state, this led to
an overestimation of the total number of attacks requiring IV hemin for patients receiving
BSC, biasing results in favour of givosiran.

o CADTH was unable to address the limitations related to the sponsor’s
conceptualization of the model structure, which did not appropriately capture disease
severity. CADTH removed the severe health state and reallocated patients originally
assigned to the severe health state at baseline to the recurrent health state while
keeping the mean AAR of | in the recurrent health state.

Uncertainty associated with the impact of AHP-related chronic conditions on health
state utility values: The sponsor included the occurrence of AHP-related chronic
conditions (i.e., chronic pain and/or neurologic and/or psychiatric conditions) in the model,
with prevalence varying by health state. For instance, the recurrent AHP state had the
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highest prevalence of a combination of these conditions compared with symptomatic

and asymptomatic AHP states. The impact of these chronic conditions on HRQoL was
then included as a health state disutility, with the highest disutility for patients in the

severe health state and the lowest for patients in the asymptomatic state. In the absence
of relevant data, the sponsor's model assumes that givosiran is not associated with
increased survival, that any differences in QALYs between givosiran and BSC in the model
are based strictly on HRQoL improvements, and that the sponsor has also included a utility
decrement associated with the occurrence of porphyric attacks. Given that more patients
on givosiran in the sponsor’'s model achieved the asymptomatic health state, they did

not experience as great a disutility due to AHP-related chronic conditions as did patients
receiving BSC. Two issues were identified with the inclusion of the impact of chronic
conditions on health state utility values. Most notably, there is no clinical evidence from
the ENVISION trial to support the assumption of an improvement in AHP-related chronic
conditions with givosiran that would result in the QALY gains observed in the economic
model. The trial did not report the impact of givosiran on chronic conditions or any reduced
complications of AHP. The CADTH clinical review further noted several limitations with the
evaluation of HRQoL data that prevented the interpretation of whether there was an added
benefit in this outcome measure from treatment with givosiran compared with placebo

in the trial.

In addition to a lack of evidence in support of this impact, the health state utility values
used to determine the disutilities associated with AHP-related chronic conditions in the
economic model were likely inappropriate. The disutilities were derived from various
published literature sources that were not specific to AHP, and there was likely overlap

in the values used for the different chronic conditions that led to double counting of the
impacts of chronic condition when these values were combined. In the sponsor’s base
case, the inclusion of the impact of chronic conditions on health state utilities led to
substantially underestimated total QALYs for patients receiving BSC, which overestimated
the QALY gains associated with givosiran.

o In the absence of any clinical evidence to support the assumptions that givosiran
is associated with substantial gains in QALYs compared to BSC (moderated by
the prevalence of chronic conditions), and in the absence of condition-specific
utility values for AHP, CADTH addressed this limitation by assuming that the utility
decrement associated with chronic conditions would be the same for all health states,
such that the disutility would be equal for all patients regardless of treatment. CADTH
applied the utility decrement for the asymptomatic health state to all AHP health
states. In a scenario analysis, CADTH applied the utility decrements assumed in the
sponsor's base case.

+ The long-term comparative efficacy of givosiran versus BSC is uncertain: In the

economic model, the comparative efficacy of givosiran versus BSC was based on the
6-month, double-blind trial period, with an additional 12 months of data covering the OLE
period, for a total of 18 months of data for givosiran. In the submitted model, for patients
receiving givosiran, the sponsor assumed that patients continued to have a likelihood

of improving until the end of 18 months, even though the OLE period in the trial only
demonstrated a maintenance of effect from the end of 6 months to the end of 18 months,
such that patients neither improved nor worsened. Additionally, in the sponsor’s base
case, the likelihood of moving between health states (i.e., the probability of moving to a
health state with fewer attacks or a greater number of attacks) observed at the end of 18
months was assumed to last for another 3.5 years (up to year 5), at which point patients
remained in their respective health states and maintained the clinical benefits accrued for

CADTH Reimbursement Review Givosiran (Givlaari)

153



CADTH

the remainder of their lifetime. With these assumptions, the vast majority of patients on
givosiran entered the asymptomatic health state by year 5 and remained attack-free for
nearly the entirety of the time horizon. However, there is no long-term clinical evidence to
support these assumptions, and these assumptions likely led to a vast overestimation of
the reduction in rate of attacks for patients on givosiran compared with BSC in the model
versus estimates from the trial. Only 1.4% of the QALY benefits observed with givosiran
in the sponsor’s base case were from the period for which there are observed data, with
the remaining 98.6% based on assumptions in the period for which there are no data. As
a result, the benefit observed with givosiran is likely to be substantially overestimated,
biasing results in favour of givosiran.

o CADTH was unable to address this limitation.

- Patients who discontinued givosiran were assumed to maintain clinical benefit from
treatment over the lifetime time horizon: In its base case, the sponsor assumed that
patients who discontinued treatment on givosiran at any point in time would experience
disease progression similarly to patients who received BSC. Patients receiving BSC did
not experience any disease progression beyond the first 6 months in the model. This
was determined to be a reasonable assumption for patients receiving BSC, reflecting the
natural history of AHP in the absence of natural history data, but it was not a reasonable
assumption for those discontinuing givosiran. The sponsor assumed that patients who
discontinued givosiran remained in the same health state (in which they discontinued
treatment) until death. These patients did not experience future attacks and maintained
the clinical benefits of treatment for the remainder of the lifetime time horizon without
accruing treatment costs. CADTH's clinical experts indicated that this clinical assumption
did not align with their expectations, because patients who receive givosiran are expected
to experience future attacks following treatment discontinuation unless treatment
discontinuation occurs at menopause for women. Additionally, the sponsor assumed
that the discontinuation rate (approximately 2.5% per cycle) for givosiran over 18 months
of trial data could be extrapolated for the remainder of the time horizon (up to 30 years).
However, it is unlikely that the discontinuation rate observed in the trial would hold over the
course of a lifetime time horizon. A greater rate of discontinuation is likely to occur during
the trial rather than beyond the trial period, given that only patients demonstrating good
tolerability and response will remain on treatment. These issues with the implementation
of treatment discontinuation in the model likely underestimated the total costs associated
with givosiran (i.e., both treatment- and attack-related costs), and overestimated the total
QALYs associated with givosiran.

o Inits base case, CADTH assumed that all patients remained on givosiran for the
remainder of the model time horizon. Due to structural constraints, CADTH was
unable to incorporate more appropriate transition probabilities for patients who
discontinued due.

- The impact of menopause on AHP disease severity in the model does not capture the
likely disease course: The sponsor assumed that female patients with AHP who achieved
the asymptomatic health state before menopause would remain asymptomatic for the
remainder of their lifetimes, or until death, while those who continued to experience
attacks before menopause onset were assumed to continue to experience attacks
post-menopause. At menopause onset, patients on givosiran and in the asymptomatic
health state were assumed to discontinue treatment (i.e., did not incur any further costs
associated with givosiran) and remain asymptomatic, while patients in the symptomatic
or recurrent health states were assumed to remain in their health states and on treatment
(i.e., continued to experience attacks and incur costs associated with givosiran after

CADTH Reimbursement Review Givosiran (Givlaari) 154



CADTH

menopause) for the remainder of their lifetimes. All patients receiving BSC were assumed
to remain in their respective health states. However, the clinical experts consulted by
CADTH noted that the disease is expected to improve at the time of menopause for all
female patients with AHP (i.e., severity and frequency of attacks is expected to decrease)
regardless of which treatment is administered, given that the likely trigger for the attacks
(hormone levels at the time of menstruation) would no longer be present. The sponsor’s
assumption likely led to an overestimation of the costs and disutility associated with AHP
attacks for patients receiving BSC because the majority of these patients were in the
recurrent or severe health states at the time of menopause.

o CADTH addressed this limitation by assuming that all female patients with AHP
transition to the asymptomatic health state at the onset of menopause.

- The implementation of efficacy data from the composite end point in the model is

associated with uncertainty and may not align with trial results: Clinical efficacy in the
trial was based on the mean AAR, a composite end point that was defined according to
the level of intervention required to treat an attack (i.e., requiring hospitalization, urgent
health care visit, or IV hemin use at home). As noted in the clinical review, givosiran was
associated with a 49% rate reduction in porphyria attacks requiring hospitalization and a
74% rate reduction in attacks requiring an urgent health care visit, respectively, compared
to patients who received BSC. The economic model did not consider the potential for a
different rate reduction adapted to the location where an attack was treated. The sponsor
applied the distribution of attacks requiring hospitalization (82%) or urgent health care
visit (18%) regardless of which treatment was received. Given that attacks treated in
hospital require greater resources, differences in the relative reduction of attacks requiring
hospitalization or an urgent health care visit could lead to differences in the level of

health care resources used to treat attacks, particularly due to differences in the amount
of IV hemin required for each type of attack. The lack of consideration for the potential
differential impact of givosiran treatment based on whether an attack was treated in a
hospital or urgent care clinic introduces meaningful uncertainty into the model results and
may bias the cost-effectiveness of givosiran.

o CADTH was unable to address this limitation.

- The vials of hemin required to treat an acute porphyric attack in urgent care did not

reflect usage in clinical practice: In the economic model, the sponsor assumed that

the amount of hemin required to treat an acute porphyric attack differed based on
treatment setting (i.e., 2.5 vials of hemin for an urgent health care visit versus 4 vials for

a hospitalization). The number of vials of hemin per attack requiring hospitalization was
based on an earlier CADTH report on IV hemin,® while no source was provided for vials
used during urgent health care visits. The clinical experts consulted by CADTH indicated
that hemin was administered at approximately 3 mg/kg per day, aligned with the standard
dosing schedule noted in the product monograph,”® such that approximately 1 vial of hemin
would be required per administration (i.e., per day of treatment) in either setting for an
average patient weighing approximately 67 kg. CADTH's clinical experts also noted that

an urgent health care visit would not last more than a day, and therefore, the assumption
that a single urgent health care visit required 2.5 vials was an overestimate. Since a greater
proportion of patients who received BSC experienced attacks, the sponsor’s base-case
assumption biased the total costs in favour of givosiran.

o CADTH addressed this limitation by adjusting the number of vials of hemin per urgent
health care visit to 1 vial.

- The mean duration of an acute porphyric attack assumed in the model is likely

overestimated: The sponsor assumed that the mean duration of an acute porphyric attack
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was 7.29 days, based on the EXPLORE study.” However, in the ENVISION trial, the mean
duration of an acute porphyric attack was 5.73 days for patients in the placebo arm and
5.45 days for patients who received givosiran. CADTH's clinical experts indicated that
the average duration of an attack in the ENVISION trial aligned with their expectations.
Because more patients receiving BSC experienced attacks, the longer length of stay
increased the costs and disutilities associated with acute porphyric attacks for these
patients, biasing the results in favour of givosiran.

o CADTH addressed this limitation by changing the mean duration of an acute porphyric
attack to that observed in the ENVISION trial for patients in the placebo arm (5.73). In
a scenario analysis, CADTH explored the impact of a higher mean duration of an acute
porphyric attack (7.29 days), as assumed in the sponsor’s base case.

- The proportion of patients assumed to have an opioid addiction in the recurrent and

severe health states was not appropriate: The sponsor assumed that 82% of patients
with AHP in the recurrent and severe health states had an opioid addiction. This was
based on a study in the literature by Neeleman et al. (2018),% but the assumption was
inappropriate, according to CADTH's clinical experts. Expert feedback indicated that the
inclusion of opioid addiction within the model implies inappropriate use of opioids among
patients with AHP. Such patients experience chronic pain that requires ongoing use of
opioids, but the clinical experts indicated that they would not classify such patients as
addicted. Additionally, the sponsor applied costs associated with opioid dependence to this
proportion of patients based on a study by Wall et al. (2000)° that examined the societal
costs of untreated opioid dependence in Canada. However, societal costs are not relevant
to the public health care payer perspective. The inclusion of these costs in the sponsor’s
base case overestimated the total costs associated with BSC and biased the results in
favour of givosiran because a greater proportion of patients who received BSC were in the
recurrent and severe health states and were assumed to have an opioid addiction.

o CADTH addressed this limitation by setting the proportion of patients with an opioid
addiction in the recurrent and severe health states to 0%.

+ The patient characteristics in the modelled population were not representative

of the patient population expected to be treated in practice or in the pivotal trial,
informing the cost-effectiveness analysis: In the economic model, the mean age (41
years) and the proportion of females in the modelled cohort (61%) did not reflect the
characteristics of patients in the ENVISION trial. CADTH'’s clinical experts affirmed that

the patient characteristics in the ENVISION trial aligned with their expectations of patient
characteristics in clinical practice (i.e., a mean age of 38 years and 89% female). This had a
limited impact on the sponsor’s base case, but it did have an impact when considering the
assumptions about treatment discontinuation related to menopause.

o CADTH addressed this limitation by revising patient characteristics (i.e., initial age, and
the proportion of females) of the modelled cohort to reflect the characteristics of the
patient population in the ENVISION trial.

- The caregiver impacts incorporated into the base case were not appropriate for the

public payer perspective: Utility impacts on caregivers were applied within the sponsor’s
base case to all AHP disease severity health states. The CADTH submission requirements
indicate that the target population in the base-case analysis must reflect the Health
Canada—indicated population, which does not include caregivers. The inclusion of
caregiver disutilities led to an overestimate of the benefit associated with givosiran in the
sponsor’s base case because it increased the QALY gains received by patients in the form
of caregiver benefits.
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o CADTH addressed this limitation by removing caregiver disutilities in the base case
and considered their inclusion as part of a scenario that also included costs from the
societal perspective.

+ The model’s deterministic and probabilistic results did not align: As noted in the
summary of the sponsor’s base-case results, the deterministic and probabilistic base-case
results were not aligned. Although both sets of results indicated that givosiran was
dominant, the disaggregate results showed that the total costs for givosiran differed by
approximately $1.74 million in the sponsor’s base case, while the total costs for BSC were
similar. Additionally, discrepancies between total QALYs, in addition to costs, were identified
when assessing the CADTH base-case results both probabilistically and deterministically.
The sponsor's model did not provide disaggregate costs or QALYs probabilistically, which
made it difficult to determine the source of the misalignment between probabilistic and
deterministic results, and CADTH was unable to identify the source of the discrepancy. As
a result, CADTH presented all analyses deterministically, and the impact of uncertainty on
the estimated costs and outcomes could not be assessed in the CADTH base case.

o CADTH addressed this limitation by presenting deterministic reanalyses. The
probabilistic base case is presented for comparison.

Additional limitations were identified but were not considered to be key limitations.

+ The relative dose intensity used to adjust the total dose of givosiran may be slightly
underestimated: The sponsor claimed to adjust the total dose of givosiran by the relative
dose intensity (0.99) for patients in the ENVISION trial. This assumes that drug costs
would reflect the expected amount of drug received by patients. However, the relative dose
intensity could not be verified in the clinical study reports for the ENVISION trial. CADTH
adjusted the relative dose intensity to reflect patients receiving a full dose of givosiran,
administered based on patient weight, as noted in the product monograph.™

o The CADTH base-case reanalysis applied the conservative assumption that patients
would receive a full dose (100%).

Additionally, the following key assumptions were made by the sponsor and have been
appraised by CADTH (Table 4).

CADTH Reanalyses of the Economic Evaluation
Base-Case Results

CADTH undertook the reanalyses outlined in Table 5 to address, where possible, limitations
in the sponsor’s submitted economic model. CADTH was unable to address the limitations
related to the sponsor’s definition of AHP disease severity in conceptualizing the model and
uncertainty in the long-term efficacy of givosiran. Additionally, CADTH was unable to address
the impact of parameter uncertainty, due to issues with the sponsor’s probabilistic analysis.
All analyses presented are deterministic.

The results for the stepwise analyses can be found in Table 6. Results from the deterministic
CADTH base case found that givosiran was associated with incremental costs of $6,205,467
and an incremental benefit of 0.35 QALYs compared with BSC over the lifetime time horizon.
The ICER for givosiran versus BSC was $17,928,198 per QALY gained. Approximately

0.71% of the incremental benefit was from the period for which there were observed data
(i.e, 6 months).
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The results of the CADTH base case differed substantially from those of the sponsor’s
submitted base case (i.e., givosiran dominant) when accounting for clinical uncertainties,
such as the appropriateness of a severe health state, assumptions related to treatment
discontinuation and the impact of menopause on AHP, and the long-term QALY benefits
associated with givosiran due to impacts of AHP-related chronic conditions. Individually,
each stepped analysis resulted in small changes to the sponsor’s results; however, when
accounting for all aspects of clinical uncertainty, the ICER increased substantively, given
the cost of treatment and high clinical uncertainty. The number of attacks experienced by
patients receiving BSC, the long-term QALY benefits associated with givosiran due to the
impacts of AHP-related chronic conditions, and the drug acquisition costs of givosiran were
the key drivers of the analysis.

Scenario Analysis Results

CADTH undertook a series of price reduction analyses of the price of givosiran based on the
CADTH base-case reanalyses. In the sponsor's base case, givosiran remains dominant at all

Table 4: Key Assumptions of the Submitted Economic Evaluation

Sponsor's key assumption CADTH comment

Assumes that acute attacks have no effect on mortality.

Appropriate according to the clinical experts consulted by
CADTH. Further, mortality was not reported as an efficacy
outcome in the ENVISION trial.

Mortality hazard ratio of 1.3 vs. the general population, was
assumed to be the same for patients despite disease severity
health state.

Uncertain; however, unlikely to affect the model results.

Assumes givosiran has no survival benefit over BSC.

Appropriate because there is no evidence of survival benefit.

Menopause assumed to occur at the age of 51 years among
female patients with AHP.

Appropriate.

Prevalence of chronic conditions among a proportion of
patients in any health state and the prevalence of chronic
conditions for patients in the severe state were assumed to be
equal to those in the recurrent state.

Appropriate according to the clinical experts consulted by
CADTH.

The length of stay of hospitalization to treat acute attacks
was assumed to be equal to the average duration of an attack
used in the model and obtained from the natural history study,
EXPLORE (i.e., 7.3 days).

Appropriate according to the clinical experts consulted by
CADTH because it is likely that patients would be hospitalized
for the entire duration of an attack. While the sponsor
assumed an average duration of attack that was higher than
that expected by the clinical experts, it is plausible that some
attacks may last longer than others. In a scenario analysis,
CADTH explored the impact of an attack lasting an average of
7.3 days.

The sponsor assumed the standard error of the mean was 10%
of the mean value for most parameters in the model.

Not appropriate. This selection was arbitrary, with no
appropriate justification provided. This approach to defining
probability distributions is inappropriate because parameters
with low sensitivity (i.e., those that are least responsible for
driving the model’s results) and higher uncertainty may affect
the model's output more than parameters that have high
sensitivity (i.e., are most responsible for driving the model’s
results) but are estimated with greater precision.

AHP = acute hepatic porphyria; BSC = best supportive care; vs. = versus.
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Table 5: CADTH Revisions to the Submitted Economic Evaluation

Stepped analysis

Sponsor’s value or assumption

CADTH

CADTH value or assumption

Changes to derive the CADTH base case

1. Severe health state

The recurrent and severe health states
were mutually exclusive.

The transition matrices reflected
movement between 4 AHP health states
(asymptomatic, symptomatic, recurrent,
and severe).

The severe health state was removed.
The number of patients in the severe
health state was added to the number of
patients in the recurrent health state at
baseline.

The transition matrices were updated
to reflect movement between the
asymptomatic, symptomatic, and
recurrent health states only.

2. Health state utility value decrements
associated with chronic conditions

Different utility decrements were applied
to each health state:

Asymptomatic: —=0.173
Symptomatic: —-0.418
Recurrent: —=0.555
Severe: —0.555

The same utility decrement was applied
to all health states, based on the
asymptomatic state:

Asymptomatic: —=0.173
Symptomatic: -0.173
Recurrent: -0.173
Severe: -0.173

3. Time on treatment with givosiran

The per-cycle discontinuation rate beyond
18 months was based on extrapolated
time-on-treatment data from the
ENVISION trial.

All patients remain on treatment from
18 months until the remainder of their
lifetime.

4. Impact of menopause on disease
natural history

No female patients with AHP
experiencing attacks in the symptomatic
and recurrent health states become
asymptomatic at the onset of
menopause.

All female patients with AHP experiencing
attacks in the symptomatic and recurrent
health states become asymptomatic at
the onset of menopause.

5. Vials of hemin required to treat an
acute porphyric attack for a single
urgent health care visit

2.5 vials of hemin

1 vial of hemin

6. Mean duration of attack

7.29 days

5.73 days

7. Proportion of patients with an opioid
addiction in the recurrent and severe
health states

82%

0%

8. Baseline patient characteristics
(mean age and proportion of

Mean age: 41 years
Proportion of females: 61%

Mean age: 38 years
Proportion of females: 89%

females)
9. Caregiver disutilities Included Excluded
10. Relative dose intensity 99% 100%

CADTH base case

Reanalyses 1+2+3+4+5+6+7+8+9

AHP = acute hepatic porphyria; BSC = best supportive care.

2Corrections are minor errors (e.g., transcription errors between report and model, misapplication of distributions or standard errors in probabilistic analyses) that are not

identified as limitations.
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price reductions. In the CADTH base case, givosiran is cost-effective at a willingness-to-pay
threshold of $50,000 per QALY with a 63% price reduction. When considering a scenario
that includes the impacts of AHP-related chronic conditions on quality of life, as per the
sponsor’s base-case assumption, a 61% price reduction is still required for givosiran to be
cost-effective at a willingness-to-pay threshold of $50,000 per QALY. When considering a

Table 6: Summary of the Stepped Analysis of the CADTH Reanalysis Results

Stepped analysis Total costs (8) Total QALYs ICER ($/QALYs)
Sponsor’s base case?® BSCe 17,987,732 5.81 Reference
Givosiran 9,329,088 19.04 Dominant
CADTH reanalysis 1 BSC? 10,151,600 6.86 Reference
(removal of severe Givosiran 8,491,871 19.38 Dominant
state)
CADTH reanalysis 2 BSCe 17,987,732 14.63 Reference
(health state utility Givosiran 9,329,088 19.64 Dominant
value decrements
associated with
chronic conditions)
CADTH reanalysis 3 BSCe 17,987,732 5.81 Reference
(time on treatment) Givosiran 13,670,851 19.05 Dominant
CADTH reanalysis 4 BSC? 10,404,887 11.76 Reference
(impact of menopause Givosiran 9,329,064 19.04 Dominant
on natural history of
disease)
CADTH reanalysis 5 BSCe 16,989,049 5.81 Reference
(vials of hemin) Givosiran 9,257,032 19.04 Dominant
CADTH reanalysis BSC® 17,291,970 6.21 Reference
6 (mean duration of Givosiran 9,278,888 19.07 Dominant
attack)
CADTH reanalysis 7 BSCe 17,625,529 5.81 Reference
(proportion of patients Givosiran 9,310,092 19.04 Dominant
with opioid addiction)
CADTH reanalysis BSC? 19,278,740 6.23 Reference
8 (patient Givosiran 8,766,086 20.43 Dominant
characteristics)
CADTH reanalysis 9 BSCe 17,987,732 9.32 Reference
(caregiver disutilities) Givosiran 9,329,088 19.31 Dominant
CADTH reanalysis 10 BSC? 17,987,732 5.81 Reference
(relative dose intensity) Givosiran 9,410,536 19.04 Dominant
CADTH base case BSCe 4,212,515 2112 Reference
grg)a”a'yses 1 through Givosiran 10,417,981 21.46 17,928,198

BSC = best supportive care; ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life-year.
aReference product is the least costly alternative.
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population of patients who experience recurrent attacks only at baseline, a price reduction
of 57% is required for givosiran to be cost-effective at a willingness-to-pay threshold of
$50,000 per QALY.

CADTH also undertook several scenario analyses of the deterministic CADTH base case
to determine the impact of alternative assumptions on the cost-effectiveness of givosiran
versus BSC. These included the following:

1. changing the mean AAR in the recurrent health state to 6

2. applying the alternative assumption that all patients are classified as having recurrent
AHP (i.e., 100% of patients are in the recurrent health state)

3. applying the alternative assumption that 80% of attacks requiring hospitalization or an
urgent health care visit require treatment with hemin

4. assuming that the mean duration of an attack is 7.29 days and including a similar length
of stay for attacks treated in hospital

5. adopting the societal perspective to incorporate the financial burden borne by patients
as a result of the costs of patients’ and caregivers' lost productivity due to the frequency
of attacks and the presence of chronic conditions, as well as the quality-of-life impacts
on caregivers

6. applying health state utility decrements associated with the occurrence of chronic
conditions associated with AHP, as per the sponsor’s base-case assumption

7. changing the number of vials of hemin per urgent health care visit to 3

8. assuming that no patients experienced disease improvement at menopause.

The results of these analyses are presented in Appendix 4, Table 11. The results were most
sensitive to a lower mean AAR for recurrent AHP (i.e, mean AAR = 6) and the impact of
chronic conditions on HRQoL; however, the latter scenario relies on assumptions that are
associated with significant uncertainty.

Table 7: CADTH Price Reduction Analyses (Deterministic)

Analysis ICERs for givosiran vs. BSC ($/QALY)

Price reduction CADTH reanalysis
No price reduction Dominant 17,928,198
10% Dominant 15,058,721
20% Dominant 12,189,243
30% Dominant 9,319,766
40% Dominant 6,450,288
50% Dominant 3,580,811
60% Dominant 711,334
63% Dominant Dominant
70% Dominant Dominant

BSC = best supportive care; ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life-year; vs. = versus.
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Issues for Consideration

- Place in therapy: The expert panel consulted by CADTH noted that givosiran is most likely
to be prescribed to patients who experience recurrent attacks. The cost-effectiveness of
givosiran differs according to the baseline distribution of patients by AHP severity; the
ICER is $14,211,820 when only patients with recurrent disease at baseline are treated. The
overall conclusions do not change, but the magnitude of the price reduction required for
givosiran to be cost-effective may be lower.

- Off-label hemin use: Prophylactic hemin may be used in some settings. However, IV hemin
is predominantly administered to patients with AHP in Canada as a rescue medication,
with the aim of stopping an attack for those whose attacks require hospitalization or
urgent health care. The cost-effectiveness of givosiran compared with prophylactic hemin
for the prevention of AHP-related attacks is unknown.

Overall Conclusions

In adult patients with AIR, a clinically meaningful reduction in the rate of acute porphyric
attacks was demonstrated with givosiran compared to placebo in the ENVISION trial. The
findings are generalizable to all patients with AHP, based on the primary composite end
point, which included attacks requiring hospitalization, urgent health care visit, or IV hemin
administration. Comparative evidence on the rate of attacks between treatment arms was
available for 6 months, and an additional 12 months of data for givosiran were available
based on an OLE period, which showed a maintained treatment effect. However, the
clinical efficacy and safety of givosiran beyond 18 months is unknown. There was also no
evidence available on the impact of givosiran on chronic conditions or on any reductions in
complications of AHP. The CADTH clinical review further noted several limitations with the
evaluation of HRQoL data that prevented the interpretation of whether there was an added
benefit in this outcome measure from treatment with givosiran compared with placebo

in the trial.

CADTH identified several major limitations with the submitted economic evaluation beyond
those related to the clinical evidence. These included issues related to the sponsor’s
conceptualization of the model and inappropriate capture of AHP disease severity;
uncertainty associated with the health state utility impacts of AHP-related chronic conditions;
inappropriate assumptions around treatment discontinuation for patients who received
givosiran; inappropriate assumptions related to the impact of menopause on patients with
symptomatic or recurrent disease; and assumptions regarding the duration of an attack

and amount of IV hemin required per urgent health care visit. Additionally, the sponsor’s
probabilistic analysis was not aligned with the deterministic results. Due to the discrepancies,
CADTH presented deterministic analyses. Parameter uncertainty within the sponsor’s model
could not be fully explored.

The CADTH base-case reanalysis included removing the severe health state; revising health
state utility values to reflect a similar quality-of-life impact of AHP-related chronic conditions
for all patients; assuming all patients remained on treatment from the end of 18 months

until death; assuming that all female patients with AHP who experienced attacks in the
symptomatic and recurrent health states before menopause onset became asymptomatic at
the onset of menopause; requiring only 1 vial of hemin for a single urgent health care visit; and
changing the mean duration of an acute attack, among other changes. In the CADTH base
case, givosiran was associated with an ICER of $17,928,198 per QALY gained (incremental
costs of $6,205,467 and an incremental benefit of 0.35 QALYs) compared with BSC. Under
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the CADTH base-case assumptions, a price reduction of at least 63% would be required for
givosiran to be considered cost-effective at a willingness-to-pay threshold of $50,000 per
QALY gained.

The cost-effectiveness of givosiran was driven primarily by drug acquisition costs,
assumptions that affected the mean number of attacks for patients receiving BSC, and costs
associated with acute porphyric attacks that require IV hemin. CADTH was unable to address
limitations related to the sponsor’s conceptualization of the economic model, uncertainties
with the long-term efficacy of givosiran, or issues around the implementation of the clinical
evidence based on a composite end point. As a result, the ICER and subsequent price
reduction are likely to be underestimated.
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Appendix 1: Cost Comparison Table
Note that this appendix has not been copy-edited.

The comparators presented in the following table have been deemed to be appropriate based on feedback from clinical expert(s) and
drug plans. Comparators may be recommended (appropriate) practice or actual practice. Existing Product Listing Agreements are not
reflected in the table and as such, the table may not represent the actual costs to public drug plans.

Table 8: CADTH Cost Comparison Table for Acute Hepatic Porphyria

28-day cycle Average annual

Treatment Strength Price (S) Recommended dosage cost ($) cost ()
Givosiran 189 mg/mL 1 mL single- 64,454.2979 2 2.5 mg/kg monthly 64,454 773,448°
(Givlaari) use vial

Note: CADTH calculations assume a patient weight of approximately 67 kg based on the ENVISION trial.
aSponsor-submitted price.
"Assumed 12 doses per year based on monthly administration.

CADTH Reimbursement Review Givosiran (Givlaari) 165



Appendix 2: Submission Quality

Note that this appendix has not been copy-edited.

Table 9: Submission Quality

CADTH

Description Yes/No Comments
Population is relevant, with no critical intervention missing, Yes No comment.

and no relevant outcome missing

Model has been adequately programmed and has sufficient No See key limitations section.
face validity

Model structure is adequate for decision problem No See key limitations section.
Data incorporation into the model has been done adequately No See key limitations section and key assumptions table.
(e.g., parameters for probabilistic analysis)

Parameter and structural uncertainty were adequately See key limitations section.
assessed; analyses were adequate to inform the decision No

problem

The submission was well organized and complete; the No comment.
information was easy to locate (clear and transparent Yes

reporting; technical documentation available in enough
details)
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Appendix 3: Additional Information on the Submitted Economic Evaluation

Note that this appendix has not been copy-edited.

Figure 1: Model Structure

Model entry

v ¥ 7 [ ] ¥ v
Severe > Recurrent <—>| Symptomatic <«—| Asymptomatic
\ . i‘ + T * ‘l
A . w - - . #

R t Death - mm e m—— - -

Source: Sponsor’s pharmacoeconomic submission.’
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Appendix 4: Additional Details on the CADTH Reanalyses and Sensitivity
Analyses of the Economic Evaluation

Note that this appendix has not been copy-edited.

Detailed Results of CADTH Base Case

Table 10: Disaggregated Summary of CADTH's Economic Evaluation Results (Deterministic)

Health state Givosiran BSC Incremental
Discounted LYs
Total 32.03 32.03 0
Asymptomatic 30.74 20.04 10.70
Symptomatic 0.68 1.61 -0.9
Recurrent 0.62 10.38 -9.80
Severe 0.00 0.00 0.00
Discounted QALYs
Total 21.46 21.12 0.35
Asymptomatic 20.58 13.16 7.42
Symptomatic 0.47 1.11 -0.64
Recurrent 0.41 6.85 -6.44
Severe 0 0.00 0.00
Discounted costs ($)
Total 10,417,981 4,212,515 6,205,467
Acquisition 9,932,089 0 9,932,089
Administration 3,985 0 3,985
Chronic Symptoms 133,715 289,798 -156,084
Attacks 347,551 3,922,115 -3,574,564
Adverse events 63 23 40
End of life 579 579 0
ICER ($/QALY) 17,928,198

BSC = best supportive care; ICER = incremental cost-effectiveness ratio; LY = life-year; NA = not applicable; QALY = quality-adjusted life-year; Ref. = reference; vs. = versus.
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Scenario Analyses

Table 11: Scenario Analyses for Givosiran Versus BSC (Deterministic)

Scenario analysis Total costs (8) Total QALYs ICER ($/QALY)
Mean annualized attack rate in BSCa 2,653,892 21.27 Ref.
itg‘zrec”"e”t AHP health state Givosiran 10,299,894 21.47 37,001,517
All patients have recurrent AHP BSC» 4,854,339 21.06 Ref.
Givosiran 10,506,023 21.45 14,211,820
80% of attacks require BSC? 3,562,744 21.12 Ref.
:gﬁﬂ'azrzti;’;fr an urgent Givosiran 10,360,403 21.46 19,639,100
Mean duration of attack is 7.29 BSC» 4,389,054 21.01 Ref.
days Givosiran 10,433,625 21.45 13,726,340
Societal perspective (including BSC? 4,212,515 19.53 Ref.
caregiver disutilities) Givosiran 10,380,277 21.30 3,473,786
Utility impact of chronic BSC» 4,212,515 16.89 Ref.
diseases included Givosiran 10,417,981 21.06 1,487,023
Mean annualized attack rate BSC? 3,027,886 21.23 Ref.
L’l;:‘eei;eg‘;r;fj”;”AgaFt’izsfs'tEave Givosiran 10,349,866 21.47 31,033,462
recurrent AHP
Changing the number of vials BSCe 4,550,546 2112 Ref.
stzet’:'gn per urgent health care [ .. o ciran 10,447,935 21.46 17,038,133
No patients improve at BSC? 8,973,028 19.97 Ref.
menopause (i.e. 0%) Givosiran 22,150,277 20.75 16,803,730

BSC = best supportive care; ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life-year; Ref. = reference.
2Reference product is least costly alternative.
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Appendix 5: Submitted Budget Impact Analysis and CADTH Appraisal

Note that this appendix has not been copy-edited.

Table 12: Summary of Key Take-Aways

Key take-aways of the budget impact analysis

+ CADTH identified the following key limitations with the sponsor’s analysis:
o The anticipated market uptake of givosiran was underestimated.
o There is uncertainty around the estimates used to derive the size of the population eligible for treatment with givosiran.

o Adjustment of treatment costs by patient adherence is likely inappropriate and underestimated costs associated with
givosiran.

* In reanalyses, CADTH undertook a drug plan perspective by incorporating only the drug costs of givosiran and excluding all
non-drug costs, updating the market share assumptions to align with expectations, and assuming 100% treatment adherence.
Based on the CADTH reanalyses, the budget impact from the introduction of givosiran would result in an incremental budget
impact of $60,329,225 in Year 1, $60,329,225 in Year 2, $61,102,676 in Year 3, for a total budget impact of $181,761,126 over
the 3-year time horizon. From a public health care payer perspective which included drug administration costs and the costs of
treating acute attacks, the total budget impact was estimated to be $129,996,431.

+ CADTH was unable to address limitations related to the uncertainty around the estimated population size eligible for givosiran.
Significant changes in population size would be associated with changes in the budget impact, as shown in a scenario analysis
assessing an increase in the diagnosis rate.

Summary of Sponsor’'s Budget Impact Analysis

The sponsor assessed the budget impact of the introduction of givosiran for patients with AHP, from the perspective of the public
health care payer in the Canadian setting (excluding Quebec) over a 3-year time horizon. The sponsor included drug acquisition and
administration costs, in addition to costs associated with acute attacks and treatment with IV hemin. In the reference scenario, the
sponsor assumed that patients would be eligible to receive BSC, which was associated with no costs. In the new drug scenario,
givosiran was assumed to displace market shares of BSC."?

The sponsor estimated the eligible population size using an epidemiological approach, by leveraging data from multiple sources in the
literature and assumptions based on clinical expert input.” Key inputs to the BIA are documented in Table 13.%?

Table 13: Summary of Key Model Parameters

Parameter Sponsor’s estimate (reported as Year 1/ Year 2 / Year 3 if appropriate)
Target population

Annual population growth 0.59%

Prevalence of AHP patients 15.13 per million

Percentage of AHP patients diagnosed %

Incidence of AHP 0.12 per million

Proportion of patients requiring hospitalization 81.82%

Number of patients eligible for drug under review 106 /106 /107
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Parameter Sponsor’s estimate (reported as Year 1/ Year 2 / Year 3 if appropriate)

Market uptake (3 years)

Uptake (reference scenario)
Best supportive care W% /W% / W%

Uptake (new drug scenario)
Givosiran % / Mm% / Mm%
BSC n% /Mm% / %

Cost of treatment (per patient)

Cost of treatment, per year

Givosiran® $696,385.73
BSC $0
Cost per attack, per year

Givosiran $7,670
BSC $0
Cost of hemin treatment

Givosiran® $31,481
BSC S0

BSC = best supportive care.

2Assumes treatment adherence rate of Ill% for givosiran.

PAssumes 2.5 vials per urgent health care visit and 4 vials per hospitalization.
Source: Sponsor’s submitted budget impact analysis report.™

Summary of the Sponsor’s BIA Results

The sponsor presented a base case under the broader health care system perspective that included drug acquisition and
administration costs, as well as costs associated with the treatment of acute attacks which included IV hemin treatment costs. Results
of the sponsor’s base-case analysis under the health care system perspective revealed that the introduction of givosiran in patients with
AHP would result in an incremental budget impact of $14,726,100 in Year 1, $22,288,157 in Year 2, and $32,238,218 in Year 3, for a total
budget impact of $69,252,468 over the 3-year time horizon.

According to CADTH submission requirements, the sponsor’s base case should have reflected the public drug program perspective,
which is to include only drug acquisition costs, with the broader health care payer perspective assessed in a scenario analysis. As such,
the 3-year budget impact when considering only the cost of pharmacologic treatment with givosiran and excluding the cost of acute
attacks from the public drug payer perspective under the sponsor’s base-case assumptions was $121,171,117.

CADTH Appraisal of the Sponsor’s BIA

CADTH identified several key limitations to the sponsor’s analysis that have notable implications on the results of the BIA:

+ Uncertainty in the estimated eligible population size: The sponsor undertook an epidemiological approach to estimate the size
of the population eligible for givosiran. This required assessing the published literature' to derive estimates for the prevalence and
incidence of AHP, however, Canadian-specific values could not be identified. The sponsor further used internal data to derive the rate
of diagnosis for AHP patients, a value which could not be appraised by CADTH. The clinical experts consulted by CADTH indicated
that the prevalence and incidence of AHP has not been well-established in Canada and while European literature may be a good
source for the epidemiology of AHP, they noted that the estimate of the target population derived from the sponsor's assumptions
and inputs may be associated with some uncertainty.
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o CADTH could not address this limitation due to the absence of more appropriate data. A scenario analysis was conducted
increasing the rate of diagnosis to 30%, to determine the impact of increasing the eligible population size on the potential
budget impact.

+ The uptake of givosiran in the new drug scenario is likely underestimated: The sponsor anticipated that givosiran would capture
|%, |% and |% of the market share distribution in Years 1, 2, and 3. The clinical experts consulted by CADTH described that givosiran's
place in therapy is intended for patients with recurrent AHP and that the sponsor’s anticipated uptake is likely underestimated
over the 3-year time horizon when compared with the baseline distribution of patients in the pharmacoeconomic model. To align
the proportion of patients with recurrent AHP in the BIA with the baseline distribution of AHP disease severity in the CADTH
pharmacoeconomic analysis, CADTH revised the market share uptake of givosiran across Years 1, 2, and 3 to 73%.

o CADTH addressed this limitation by revising the market share uptake of givosiran in the new drug scenario to 73% across Years 1,
2, and 3. A scenario analysis was conducted using the sponsor's base-case assumption.

+ Proportion of patients assumed to adhere to treatment uncertain: The sponsor adjusted drug acquisition costs of givosiran by an
assumed adherence rate of |%. It is expected that patients with AHP will fully adhere to treatment (i.e., 100%) to ensure they prevent
acute porphyric attacks, and there is limited evidence in support of the rate assumed by the sponsor. This assumption likely led to an
underestimation of the budget impact associated with givosiran.

o CADTH addressed this limitation by revising the treatment adherence rate to 100%.

CADTH Reanalyses of the BIA

A table noting the changes made to the sponsor's BIA as part of the CADTH reanalysis is available in Table 16. All analyses are from the
public drug plan perspective, unless otherwise noted.

Table 14: CADTH Revisions to the Submitted Budget Impact Analysis

Stepped analysis Sponsor’s value or assumption CADTH value or assumption

Correction to sponsor’s base case

None None None

Changes to derive the CADTH base case®

1. Market share estimates in the new %/ % / Mm% 73%/73% / 73%
drug scenario (across Years 1 to 3)

2. Treatment adherence % 100%

CADTH base case Reanalyses 1 +2

2Changes to derive the CADTH base case under the drug program plan perspective.

The sponsor’s 3-year costs under the drug plan perspective were $121,171,117. Applying the changes in Table 15 resulted in an
increase in budget impact under the drug plan perspective to $181,761,126 over 3 years. The results of the CADTH stepwise reanalyses
are presented in summary format in Table 15 and a more detailed breakdown is presented in Table 16.
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Table 15: Summary of the CADTH Reanalyses of the BIA

Stepped analysis Three-year total

Submitted base case — health care payer perspective $69,252,468
Submitted base case - drug plan perspective $121,171,117
CADTH reanalysis 1 — drug plan perspective $163,650,646
CADTH reanalysis 2 — drug plan perspective $128,444,479
CADTH base case - drug plan perspective $181,761,126

CADTH conducted a scenario analysis from the broader public health care payer perspective (Scenario 1 - Table 17) including the above
changes made to the sponsor's base case from the drug plan perspective, along with the following additional changes specific to the
health care payer perspective to align with the CADTH pharmacoeconomic base case:

a. revising the amount of IV hemin used for treatment of an urgent health care visit to 1 vial per urgent health care visit.

b. setting the proportion of patients with severe AHP to 0% and changing the proportion of patients with symptomatic and recurrent
AHP to 27% and 73%, respectively.

CADTH conducted the following additional scenario analyses from the drug plan perspective (Scenarios 2 to 4, Table 17):
2. Assumed an increase in the rate of diagnosis among AHP patients to 30%.
3. Assumed the sponsor’s market share estimates in the new drug scenario, across the 3-year time horizon: % / % / M@%.

4. Applied a 63% reduction in the price of givosiran to align with the point at which the ICER is within the willingness-to-pay threshold of
$50,000 per QALY in the CADTH pharmacoeconomic base case.

The scenario analysis from the broader health care payer perspective resulted in an increase from the sponsor’s submitted base case
from $69,252,468 over 3 years to $129,996,431. Assuming an increase in the diagnosis rate of AHP from W% to 30% led to an increase
in the expected budget impact up to $235,129,286 over 3 years.

Table 16: Detailed Breakdown of the CADTH Reanalyses of the BIA

Year 0 (current Three-year
Stepped analysis Scenario situation) Year 1 Year 2 Year 3 total
Sponsor-submitted Reference $42,338,134 $42,741,354 $42,741,354 $43,144,575 $128,627,283
base case (health New drug $42,338,134 $57,467,454 | $65029,505 | $75382792 | $197,879,751
care system
perspective) Budget impact S0 $14,726,100 $22,288,151 $32,238,218 $69,252,468
Sponsor's base Reference S0 S0 S0 $0 S0
case (drug
New drug $0 $25,766,272 $38,997,601 $56,407,244 $121,171,117

plan program
perspective) Budget impact S0 $25,766,272 $38,997,601 $56,407,244 $121,171,117
CADTH base Reference S0 S0 S0 S0 S0
case (drug plan New drug $0 $60,329,225 $60,329,225 $61,102,676 | $181,761,126
perspective)

Budget impact $0 $60,329,225 $60,329,225 $61,102,676 $181,761,126

BIA = budget impact analysis.
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Table 17: CADTH Scenario Analyses

CADTH

Year 0 (current Three-year
Stepped analysis Budget impact situation) Year 1 Year 2 Year 3 total
CADTH scenario Reference $31,255,279 $31,552,948 $31,552,948 $31,850,617 | $94,956,514
analysis 1 New drug $31,255,279 $74,700,700 $74,700,700 $75,551,545 | $224,952,945
Budget impact $0 $43,147,752 $43,147,752 $43,700,928 | $129,996,431
CADTH scenario Reference S0 S0 S0 $0 S0
analysis 2 New drug $0 $78118612 | $78118612 | $78892,063 | $2357129,286
Budget impact $0 $78,118,612 $78,118,612 $78,892,063 | $235,129,286
CADTH scenario Reference S0 S0 S0 $0 S0
analysis 3 New drug $0 $29,391,161 $44,086,741 $63,423,031 | $136,900,933
Budget impact S0 $29,391,161 $44,086,741 $63,423,031 $136,900,933
CADTH scenario Reference $0 $0 $0 $0 $0
analysis 4 New drug $0 $22,321,813 $22,321,813 $22,607,990 | $67,251,617
Budget impact S0 $22,321,813 $22,321,813 $22,607,990 $67,251,617

Note: All scenario analyses are conducted based on the CADTH base case undertaken from the drug program plan perspective.
BIA = budget impact analysis.
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