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Alnylam Sweden AB is thankful that the Danish Medicines Council (DMC) has been able to review our submission for 
GIVLAARI® (givosiran) for the treatment of acute hepatic porphyria (AHP), a rare, debilitating, and potentially life-
threatening genetic disease. We note that key results of our base-case cost-effectiveness analysis (CEA) have been 
reported in the DMC’s Draft Recommendation, including the high gain in quality-adjusted life-years (QALYs) for 
patients who receive givosiran in comparison with patients on best supportive care (BSC).  

Alnylam believes that the company-submitted base-case CEA is an appropriate measure for decision-making. We look 
forward to collaborative discussions with the DMC with the goal of enabling Danish patients to have access to this 
innovative therapy, joining patients in other European countries where givosiran is already approved for 
reimbursement.  

It is beyond the scope of this brief response to address the Draft Recommendation’s conclusions point-by-point, so we 
have limited this response to the following two observations, namely: 

- Givosiran fills an important therapeutic gap for patients with AHP in Denmark. 

- The cost-effectiveness model presented by Alnylam is generalizable to Denmark. 

1. Givosiran addresses a major unmet need for patients with AHP in Denmark 

A positive recommendation for givosiran would address a major unmet need for patients with AHP in Denmark, as no 
other licensed therapies are available for this devastating disease. AHP is a serious chronic condition driven by 
overproduction of heme intermediates in the liver [1-5]. The disease is characterized by acute neurovisceral attacks in 
which patients experience excruciating abdominal pain and other debilitating symptoms, including nausea, vomiting, 
constipation, seizures, and neuropsychiatric symptoms [6]. The extent of the debilitation that AHP patients suffer 
during acute attacks is extreme, with patients describing the pain in terms such as “not compatible with life”, “not of 
this world”, and “like being disemboweled, having a hot pan shoved into your intestines or into your abdomen while 
having your ribs filleted” [7, 8]. Repeated attacks severely impair patients’ health-related quality of life (HRQoL), social 
functioning, and ability to work [8, 9]. 

Most patients with recurrent attacks develop chronic conditions, such as chronic pain, neurological symptoms, 
psychiatric disorders, and hypertension [10]. At least some chronic conditions of AHP appear to be due to repeated 
autonomic and peripheral nerve damage during acute attacks [11]. Long-term complications include liver cancer and 
chronic kidney disease [12, 13], and may result from direct effects of elevated levels of toxic heme intermediates [14]. 

Before givosiran, patients lacked an approved, disease-modifying treatment for AHP, leaving them at risk for acute 
attacks and the ongoing accumulation of clinical, HRQoL, and economic burden [15]. Givosiran has demonstrated 
immense value as the only therapy that targets the underlying AHP disease process, thereby preventing attacks and 
addressing ongoing chronic pain [16]. Givosiran decreases levels of key toxic heme intermediates to near-normal 
levels [16, 17]. By reducing accumulation of these intermediates, givosiran significantly reduces or prevents the 
occurrence of porphyria-related attacks and also decreases other aspects of disease burden.  

Over the 6-month double-blind period of the pivotal phase 3 randomized controlled trial (RCT) of givosiran, ENVISION, 
which enrolled patients with a history of repeated attacks, patients in the givosiran arm experienced a significant 73% 
mean reduction in annualized attack rate (AAR) relative to placebo [16]. Continuing improvement was demonstrated 
in the ENVISION open-label extension, during which all patients received givosiran: 86% of patients originally 
randomized to givosiran in the double-blind period and 92% of those originally in the placebo group were completely 
attack-free in the final 3 months of the 36-month treatment period [18]. These results affirm the urgency of providing 
patients with AHP in Denmark with access to givosiran, a high-value treatment for this devastating condition. 
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2. Alnylam’s cost-effectiveness model is generalizable to Denmark 

The Draft Recommendation states that the DMC did not arrive at a single fair health-economic analysis as the basis for 
evaluating givosiran, suggesting that the CEA conducted by Alnylam contains uncertainty. Alnylam has invested 
considerable care to mitigate any uncertainties in our CEA, including extensive dialogue with other leading health 
technology assessment agencies, which found the analysis to be appropriate for decision-making. In addition, to help 
ensure generalizability of our CEA to patients with AHP in Denmark, many assumptions—including the proportion of 
asymptomatic women who stop treatment after menopause—were informed by clinical expert input from Denmark. 
We remain available to engage with the DMC to resolve any uncertainties. 

In the Draft Recommendation, the DMC notes that there are very few patients who would be candidates for 
treatment with givosiran in Danish clinical practice, and concludes that this makes it difficult to assess whether the 
modelled patient population (which is based on the characteristics of patients in the ENVISION study) is comparable to 
the Danish patient population. In this regard, we wish to point out that ENVISION enrolled a high proportion of 
patients from Europe, including Nordic countries. Consequently, we are confident that the findings from ENVISION can 
be generalized to patients with AHP in Denmark. 

The Draft Recommendation also expresses the belief that Danish patients with AHP have a lower AAR than observed 
in patients in the ENVISION trial. Alnylam would like to point out that with so few patients in Denmark, it is challenging 
to reach an accurate general conclusion about the severity of AHP in these patients. AHP has a variable and largely 
unpredictable disease course [2, 8, 19], such that a given patient who has few attacks one year may experience many 
the following year. Similarly, even one new (i.e., incident) patient in Denmark with a high AAR would represent a large 
increase in the overall attack burden in the country. In the face of such unpredictability in AAR over time in Denmark, 
we feel that the best approach is to base decisions on data from large, high-quality studies such as those we used in 
our CEA, namely ENVISION (N=94) [16]—the largest RCT ever conducted in AHP—and the long-term natural history 
study by Neeleman et al. (2018) (N=88) [13]. 
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1. Factual accuracy check 

Description of problem  Description of proposed amendment  Justification for amendment 

Section 1.4, page 18: “Hæmin tilføres dagligt i op til 
4 døgn. [Haemin is given daily for up to 4 days.]” 

This sentence does not accurately reflect the 
approved dosing regimen for hemin according to 
the SmPC: “The recommended daily dose is 3 
mg/kg once daily for four days … the course of the 
treatment may be repeated under strict 
biochemical surveillance if there is inadequate 
response after the first course of treatment.” [1] 

In the quoted sentence, Alnylam recommends 
clarifying that hemin is given daily for four days, 
and this course may be repeated if there is 
inadequate response after the first course of 
treatment. 

The suggested edit will avoid an inaccurate 
characterization of the approved dosing for hemin. 

Section 2.3.1, page 26: “Dog bemærker 
Medicinrådet, at en del af patientpopulationen 
reelt har oplevet færre årlige anfald end de 4, som 
er angivet som inklusionskriterie. I EPAR’en 
angives, at minimumsværdierne af den historiske 
AAR er 0 [4], og der er således inkluderet patienter, 
der ikke har oplevet anfald i 6 mdr. forud for 
studiestart. [However, the Medical Council notes 
that part of the patient population actually 
experienced fewer annual seizures than the 4 
specified as inclusion criteria. The EPAR states that 
the minimum value of the historical AAR is 0 [4], 
and thus patients who have not experienced 
seizures for 6 months prior to study entry are 
included.]” 

The quoted text is inaccurate because it implies 
that multiple patients in ENVISION had not 
experienced acute attacks in the 6 months prior to 
study entry. On the the contrary, the minimum 
AAR of 0 relates solely to one patient in the 
placebo group who did not meet the inclusion 
criterion of a history of at least 2 composite 

Alnylam recommends deletion of the two quoted 
sentences. 

The suggested edit will avoid an inaccurate 
characterization of the patient population included 
in the ENVISION trial. 
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Description of problem  Description of proposed amendment  Justification for amendment 
porphyria attacks, since the patient had 2 attacks 
that were treated at home without intravenous 
hemin, which was identified as a protocol deviation 
[2]. 

Section 2.5, page 51: “Blandt alle patienter, der har 
modtaget givosiran i ENVISION og ENVISION OLE 
(n=111) [Among all patients who received givosiran 
in ENVISION and ENVISION OLE (n=111)]” 

Page 52: “Blandt de 111 patienter, der har 
modtaget givosiran i ENVISION og ENVISION OLE 
[Among the 111 patients who received givosiran in 
ENVISION and ENVISION OLE]” 

These statements are incorrect because ENVISION 
and its OLE included only 94 patients. This “n=111” 
includes also the Phase 1/2 study. 

Alnylam recommends revision of the quoted 
statements to read “Among patients who received 
givosiran in placebo-controlled and open-label 
clinical studies (n=111)” for alignment with the 
SmPC [3]. 

The suggested edits will avoid an inaccurate 
description of the size of the patient population 
included in ENVISION. 

 

2. Confidential information check 

Location of incorrect marking  Description of incorrect marking  

Table 0-1, page 9 
Table 3-1, page 55 

Hospital costs and patient costs should be redacted as these are results derived from the company’s confidential model. 

Figure 2-1, page 33 
Figure 2-2, page 37 
Figure 2-4, page 43 
Figure 2-5, page 44 
Figure 2-7, page 47 
Figure 2-8, page 48 
Figure 8-1, page 71 

It is unclear if the graphs will be redacted, as currently only the figure captions and footnotes are highlighted as confidential. 
Alnylam requests that the graphs be redacted as these 36-month data have not been published. 



 
   

 

Side 4/4 
 

Medicinrådet    Dampfærgevej 27-29, 3. th.   DK-2100 København Ø    +45 70 10 36 00    medicinraadet@medicinraadet.dk     www.medicinraadet.dk 

 

Location of incorrect marking  Description of incorrect marking  
Figure 8-2, page 73 
Figure 8-3, page 76 
Figure 8-7, page 80 

Table 3-2, pages 56–57 All company values for annualized attack rate in each health state, health-state distribution of patients at the start of the 
model, utility values, and incremental QALY should be redacted, as these are directly derived from patient-level data, are not 
public and will not be made public. 
In addition, change in ICER has not been redacted for the scenarios on weight distribution, costs associated with chronic 
symptoms, and costs associated with chronic symptoms. These values should be redacted for consistency with the other 
changes in ICER reported in this table. 
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Prisinformation 
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Tabel 1: Forhandlingsresultat 

Lægemiddel Styrke Pakningsstørrelse AIP (DKK) Forhandlet SAIP 
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Rabatprocent ift. AIP 

Givlaari 189 mg/ml 1 stk. 361.169,00 XXXXXXXXXX XXXXX 

 

Prisen er betinget af Medicinrådets anbefaling. 
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Aftaleforhold 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

Konkurrencesituationen 

Der er på nuværende tidspunkt ingen lægemidler i konkurrence til Givlaari til den ansøgte indikation. Tabel 3 
viser de årlige lægemiddeludgifter for Givlaari. 

Tabel 2: Årlige lægemiddeludgifter 

Lægemiddel Styrke 
Paknings-
størrelse 

Dosering 

Pris pr. 
pakning 

(SAIP, DKK) 

Antal 
pakninger 

pr. år 

Lægemiddeludgift 

pr. år (SAIP, DKK) 

Givlaari 189 
mg/ml 

1 stk. 2,5 mg/kg SC 
hver måned 

XXXXXXXXXX 12* XXXXXXXXX 

*Baseret på vægt under 75,5 kg. Det antages at der anvendes 1 pakning pr. behandling. 

Status fra andre lande 

Land Status Kommentar Link 

Norge Ikke anbefalet  
https://nyemetoder.no/metoder/givosiran-givlaari 

 

Sverige Delvis anbefalet 

Til patienter som 

har haft mindst fire 

sygdomsrelaterede 

anfald, der har 

krævet indlæggelse 

inden for de sidste 

12 måneder 

Givlaari ingår i högkostnadsskyddet med 

begränsning (tlv.se) 

England Delvis anbefalet 

Til patienter med 

klinisk bekræftede 

svære 

tilbagevendende 

anfald (4 eller flere 

indenfor 12 

måneder) 

https://www.nice.org.uk/guidance/hst16/chapter/1-

Recommendations 

 

Konklusion 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXX  

https://nyemetoder.no/metoder/givosiran-givlaari
https://www.tlv.se/download/18.2d24f53418120eae3ffdce32/1655455001131/bes220616_givlaari_3236-2021.pdf
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https://www.nice.org.uk/guidance/hst16/chapter/1-Recommendations
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4. Current dossier – in context to the previous assessment process for 
givosiran 

Alnylam initially submitted GIVLAARI (givosiran) for assessment by the DMC in February 2020 within the 

framework of the ‘old’ method process (enforced prior to January 2021). In accordance with the process that 

was in effect before January 2021, Alnylam was provided with an assessment protocol on January 22nd, 2021. 

However, in January 2021 the DMC introduced a new assessment process based on a QALY-framework. After 

assessing the benefits of the new QALY-framework that was in effect in January 2021, Alnylam decided to 

withdraw its initial submission under the previous process on March 21st, 2021 to initiate a submission under 

the new procedure.  

This decision was based on Alnylam’s assessment that an application assessed via the new process with a 

QALY-framework would provide a more transparent and complete evaluation of the entire therapeutic value 

of GIVLAARI; including all clinical benefit over time and all costs using the same time horizon for both aspects. 

This is reflected in the DMC’s annual report in 2020 in which it was reasoned that the new QALY-based 

framework would provide a more transparent, better standardised, and international recognized assessment 

framework, that would allow for easier defining cost-effective treatments and make consistent assessments 

across different therapies. Alnylam recognizes that the previous framework’s disconnected evaluation of cost 

in relation to effect did not suitably evaluate questions of cost-effectiveness. Alnylam acknowledges and 

appreciates the contribution and efforts made by the DMC in providing the assessment protocol under the 

previous process (1). Therefore, the information and analysis requested by the DMC in the old assessment 

protocol, has been supplied in this dossier, if available and appropriate.  

There is only one important element in the previous assessment protocol that Alnylam has not been able to 

address due to technical and clinical infeasibility. Specifically, the old assessment protocol defined the 

population in scope as patients who require hospitalisation two or more times within six months.  

As Alnylam has noted previously during DMC protocol dialogue meetings, our concern is related to the defined 

limitation of the treatment setting i.e., patients who require hospitalisation. We understand the rationale 

behind the DMC’s decision to include this as an inclusion criterion in the protocol, since the conventional 

management strategy in Denmark is to manage AHP-related attacks in hospital. However, we believe that the 

site of care is not a relevant consideration for evaluating the efficacy of givosiran. 

The primary endpoint in Alnylam’s global pivotal phase 3 ENVISION study was the annualized attack rate (AAR), 

which is intended to measure whether givosiran was more effective than placebo in preventing or halting the 

occurrence of AHP-related attacks. ENVISION is a multi-national clinical trial, and it is understood that there 

are variation in treatment practices worldwide in terms of whether AHP-related attacks are managed in 

hospital, outpatient, or other settings. Therefore, the AAR composite collected all these attacks regardless of 

how they were managed in local practice. However, whether the site of care of an attack was in the hospital 

instead of the outpatient setting should not be used to infer efficacy – instead, this should be considered as a 

health system characteristic of a given country.  

We should note that this follows a convention that has been used in clinical trials in other disease states, such 

as cardiology. Increasingly, patient care in different disease states is shifting toward the outpatient setting, 

rather than just the inpatient setting – so endpoints in clinical trials capture management of patients in urgent 

care and outpatient settings, rather than just inpatient settings. In this context, we believe that the more 

important consideration for a product is whether it is effective at preventing the incident of an event – 

whether it’s an AHP-related attack or a heart failure related event (2). Whether the management of this attack 

happens in a hospital or in the outpatient setting is irrelevant and should not be judged as a limitation of the 

treatment. 
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We believe that limiting evaluation of the givosiran Phase 3 ENVISION data by the treatment setting wo uld be 

illogical based on the fundamental design of the study and a clinical understanding of the primary endpoint 

and the lack of connection between treatment setting and attack severity. 

Alnylam would again like to fully address this to avoid any misconceptions concerning the contents of this 

dossier by describing: 

1. The primary endpoint in ENVISION, how it is defined, why it was defined as it is, and how it is used to 

define the eligible population for givosiran  

2. The target population and its relation to the ENVISION study population 

Context of primary endpoint and target population 

The fundamental takeaway should be that the treatment location/management strategies for handling 

porphyria attacks are different across countries, regions, and ER-departments. This necessitates the use of a 

composite endpoint in a global study. However, how severe-recurrent attacks are registered as one of the 

three individual components of the composite endpoint, should not be confused with attack severity.  

The primary endpoint in ENVISION (the pivotal phase 3 global study for GIVLAARI) was the annualized rate of 

composite porphyria attacks (AAR), defined to capture attacks treated 1) at a hospital, 2) at an urgent health 

care visit or 3) with intravenous administration of haemin at home.  

In ENVISION, the efficacy of givosiran was investigated in patients who were required to have documentation 

of at least two composite porphyria attacks within 6 months before baseline. These severity criteria were 

used to define the population with recurrent AHP. 

This composite endpoint was carefully selected based on our EXPLORE study (a natural history study in an 

ENVISION-like patient population) and observed differences in the management strategies for porphyria 

attacks.  

In EXPLORE it was demonstrated that the treatment setting for administering IV-haemin for recurrent attacks 

varied based on country- and local-practice. Based on these observations, it was determined that 

parameterisation using the three components (1) hospitalisation, 2) urgent health care visit or 3) intravenous 

administration of haemin at home) for the composite endpoint, would allow the study to capture most 

recurrent attacks, irrespective of differences in management setting for receiving IV-haemin.  

As a reminder, the ENVISION study was conducted as a global trial across 18 countries due to the rarity of the 

disease. Thus, the primary endpoint needed to capture all recurrent attacks irrespective of the management 

setting across countries. If the endpoint had been defined as only one of the three components of the 

composite endpoint (i.e., attacks resulting in hospitalisation), the endpoint would not have provided an 

adequate estimate of disease severity or treatment effect, as depending on the locality, some attacks would 

not be captured solely based on the management setting. 

Alnylam has provided some examples (not exhaustive) of country and local-specific treatment practices, 

necessitating use of the composite endpoint to capture all recurrent attacks. 

1) Patients in the US may receive rescue haemin infusions in outpatient infusion centres, as it is the 

cheaper option for US insurers as no hospitalisation is needed (3).  The outpatient treatment practice 

is also commonly observed in the U.S. for chemotherapy and has been adopted by porphyria treaters 

in the U.S., which is also driven by haematologists. Attacks managed by an outpatient visit in infusion 

centre would be registered as an urgent care visit.  

2) In Germany, the treatment options can depend on the treating ER-department. Some patients can be 

treated as out-patients, i.e., out-patient admission in the ER-department for rescue IV haemin before 

returning home. This would be registered as an urgent care visit. 

3) UK patients who are treated at National Acute Porphyria Service (NAPS) Centres may be eligible for 

rescue IV haemin at home, which is especially relevant for patients with central venous catheters. This 
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would be registered as intravenous administration of haemin at home. In support of this is the study 

by Gill et all. of patient and caregiver experiences of living with acute hepatic porphyria in the UK, 

which demonstrated high treatment at home in the UK (4). 

From these examples, it should be clear that the same hypothetical patient who suffers from two recurrent 

attacks every 6 month, would have their attacks managed in different treatment settings based on the country 

in which the patient is situated. For example, in the UK the attacks could be registered as “intravenous 

administration of haemin at home”, whilst in Germany and the US these attacks could be registered as “urgent 

health care visit”.  

In Denmark, the same hypothetical patient with the same attacks would be hospitalised for every recurrent 

attack. This is due to the management strategies in Denmark where patients with recurrent symptomatic 

porphyria are strictly handled by hospitalisation at the Porphyria center in Odense (KOL-interviews); patients 

are neither allowed to go home immediately after or between IV-haemin administrations, nor have IV haemin 

administration at home.  

For the cost-effectiveness model, we assume that all AHP-related attacks are managed in hospital because 

patients need IV haemin as a rescue therapy for the management of attacks. IV haemin is not available outside 

of the hospital setting. This assumption was validated in consultation with Danish clinical experts in the 

management of this condition. 

Conclusion 

In the previous DMC protocol, the population in scope was defined as patients who require hospitalisation 

two or more times within six months. However, as explained for the reasons above it is neither technical and 

clinical feasible to conduct analysis using ENVISION data with a limitation on the treatment setting to 

hospitalisation-only nor is it available as a subgroup analysis.   

As clearly explained above, ENVISION was designed to capture if recurrent attacks occurred and to which 

extent givosiran is effective and preventing these attacks from happening. To measure this, the composite 

endpoint was designed to capture all clinically relevant recurrent attacks considering the global scale of the 

trial and the different treatment practices for IV-haemin across countries. As clearly demonstrated by the 

examples above, the site of care is not an indicator of severity of attacks but of national and local management 

practices. The point is therefore to clearly demonstrate, that givosiran is effective in addressing the attacks or 

not, and this is best demonstrated by accounting for all recurrent attacks independent of treatment location.  

5. Summary  

5.1 Population, intervention, outcomes, and comparator (PICO) 
This single technology assessment relates to givosiran as a treatment of acute hepatic porphyria (AHP) in 

adults and adolescents aged 12 years and older. AHP is characterised by severely painful acute attacks that are 

potentially life-threatening if not treated, and, for some patients, chronic debilitating symptoms that 

negatively impact daily functioning and health-related quality of life (HRQoL) (5–9). 

Most patients with AHP have only one or a few acute porphyria attacks in their lifetime, with 3-5 % 

experiencing recurrent attacks (10), defined by the European Porphyria Network as ≥4 attacks per year (11,12). 

Based on this prevalence estimate,  patients in Denmark would be estimated to have recurrent attacks. 

This is aligned with reports from clinical experts from the Porphyria centre in Odense who confirmed that  

 patients are known to experience recurrent attacks.  

Patients experience an extensive burden of disease in connection with attacks, in particular, due to the extreme 

pain experienced during attacks. However, HRQoL may also be significantly affected between attacks, e.g. due 
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to the constant restrictions in order not to trigger acute attacks and the concerns/worries about new attacks. 

HRQoL may also be reduced due to chronic pain, anxiety and depression, and the reduced ability to perform 

daily activities. In addition, patients with AHP suffer long-term complications including chronic kidney disease 

(CKD), hypertension, hepatocellular carcinoma (HCC), and anaemia, and their occurrence increases with higher 

rates of acute attacks. 

Givosiran received EU marketing authorisation on the 2nd of March 2020 for the treatment of AHP. Givlaari was 

reviewed under EMA’s accelerated assessment programme(13).  

Population: Adult and adolescent patients aged 12 years and older with AHP with recurrent attacks. Currently, 

treatment options are very limited for these patients, and no prophylactic treatments are available in 

Denmark, and consequently, prophylactic options are needed for these patients to reduce the risk of acute 

attacks and the ongoing accumulation of clinical and HRQoL burden.   

Intervention: Givosiran is a double-stranded small interfering ribonucleic acid (siRNA) that causes degradation 

of aminolevulinate acid synthase 1 (ALAS1) messenger ribonucleic acid (mRNA) in hepatocytes through RNA 

interference, resulting in a reduction of induced liver ALAS1 mRNA towards normal. This leads to reduced 

circulating levels of neurotoxic intermediates aminolevulinic acid (ALA) and porphobilinogen (PBG), the key 

causal factors of attacks and other disease manifestations of AHP. 

The recommended dose of Givlaari is 2.5 mg/kg once monthly, administered via subcutaneous (SC) injection. 

Based on average body weight of the European patients in ENVISION, the largest prospective study in AHP 

patients, the best estimation for body weight of Danish AHP patients is 65.3 kg.  

Comparator: Best supportive care (BSC), consisting of standard treatments (such as rescue haemin, which is 

indicated for treating acute attacks of AHP) that are used in clinical practice to speed the resolution of 

symptoms and reduce the hospital length of stay during acute attacks. 

When patients experience attacks, glucose infusion (300-400 g/day) is the first treatment. If the attacks are of 

a more severe character, the patients are treated with haemin infusion. Haemin infusion results in a negative 

feedback enzyme inhibition of haem synthesis and thereby slows down haem synthesis and excessive 

porphyria production. Haemin is infused daily for up to 4 days according to the summary of product 

characteristics in Denmark (14). However, in clinical practice IV rescue haemin treatment is often extended for 

longer in severely ill patients (15,16). 

Outcomes: All outcomes considered in this dossier were assessed in the ENVISION study. The outcome 

measures considered in this dossier include: 

Efficacy endpoints - Porphyria attacks 

• Mean change in annualised attack rate (AAR) measured from baseline (primary endpoint) 

• Proportion of patients who are free of attacks 

Other secondary efficacy endpoints: 

• Median changes from baseline in ALA (delta-aminolevulinic acid) and PBG (Urinary porphobilinogen) 

• Annualised no. of days of haemin use 

• Mean change from baseline in weekly average of worst daily pain measured using the numeric rating 

scale (NRS) of the Brief Pain Inventory (BPI-SF) 

• Mean change from baseline in weekly average of worst daily fatigue measured using a NRS of the BFI 

• Mean change from baseline in physical component score (PCS) of the 12-Item Short Form Survey (SF-

12) 

• Mean change from baseline in mental component score (MCS) of the SF-12 

Safety endpoints  
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• Proportion of patients who experience adverse events (AE) 

• Proportion of patients who experience serious adverse events (SAE) 

• Proportion of patients who discontinue treatment due to AE 

• Proportion of patients who experience adverse reactions  

• Qualitative review of the adverse reaction profile for givosiran 

5.2 Evidence supporting the application 

Studies supporting the efficacy and safety of givosiran. 

ENVISION (Phase 3 Trial of RNAi Therapeutic Givosiran for Acute Intermittent Porphyria) is a Phase 3 randomised, 

double-blind, placebo-controlled, multicentre study with an open-label extension (OLE). All patients completing 

the 6-month double-blind treatment period were eligible to continue on OLE study in which they received 

treatment with givosiran for up to 30 months. ENVISION had the objective to evaluate the effect of SC givosiran 

(ALN-AS1), compared to placebo, on the rate of porphyria attacks in patients with AHP. Results were reported 

by Balwani et al. 2020 (17). 

Criteria for participation in the ENVISION trial were: 

Inclusion Criteria: 

• ≥ 12 years of age 

• Diagnosed with AHP (acute intermittent porphyria, hereditary coproporphyria, variegate porphyria, 

ALA dehydratase deficient porphyria) 

• Elevated urinary or plasma PBG or ALA values within the past year 

• Have active disease, with at least 2 documented porphyria attacks within the last 6 months 

• Willing to discontinue or not initiate the use of prophylactic haemin throughout the study 

• Women of childbearing potential must have a negative serum pregnancy test, not be nursing, and use 

acceptable contraception 

Exclusion Criteria: 

• Clinically significant abnormal laboratory results 

• Anticipated liver transplantation 

• History of multiple drug allergies or intolerance to SC injections 

• Active HIV, hepatitis C virus, or hepatitis B virus infection(s) 

• History of recurrent pancreatitis 

5.3 Comparative efficacy 
The design of the phase 3 ENVISION RCT reflects the current management of AHP. Supportive therapy with 

analgesics and rescue therapy with haemin for the treatment of acute attacks was permitted in both treatment 

arms.  

• In the phase 3 ENVISION study, treatment with once-monthly givosiran resulted in a statistically significant 

and clinically meaningful reduction in the composite annualized attack rate, compared to placebo, of 74% 

(p<0.001) and 73% (p<0.001) in patients with AIP and AHP, respectively.  

• In addition to reducing the number of attacks, once-monthly givosiran treatment led to fewer days of 

haemin use compared to placebo.  

• The proportion of patients with AIP/AHP who were attack-free (i.e., did not experience an event that met 

pre-defined criteria for a composite attack) during the 6-month double-blind period was approximately 3-

fold higher with once-monthly givosiran than with placebo (50.0%/50.0% vs. 16.3%/17.4 respectively). 
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• In the phase 3 OLE, sustained reduction in composite porphyria attack rates in patients who continued to 

receive once-monthly givosiran and in those who crossed over to once-monthly givosiran from placebo 

have been observed.  

5.4 Comparative safety 
The main safety outcomes included in this application are: 

• Proportion of patients who experience AEs compared to placebo 

• Proportion of patients who experience SAEs compared to placebo 

• Proportion of patients who discontinue treatment due to AEs compared to placebo 

• Proportion of patients who experience adverse reactions  

• Qualitative review of the adverse reaction profile for givosiran (narrative comparison) 

In the phase 3 trial ENVISION, all reported safety analyses were performed on the safety population (i.e., 

patients who received at least one dose of the study drug; n=94). At least one AE was reported in 89.6% 

(n=43/48) of patients in the givosiran arm and in 80.4% (n=37/46) of patients in the placebo arm. SAEs were 

reported in 20.8% (n=10/48) of patients in the givosiran arm and in 8.7% (n=4/46) of patients in the placebo 

arm. The difference in serious adverse events was not driven by any particular event. There were no deaths in 

either treatment group over the course of the 6-month double-blind phase of the study or by the 18-month 

follow-up of the OLE phase (17). Givosiran has a well-characterised safety profile in patients with AHP and is 

generally well-tolerated by patients over the long term. Most AEs seen in ENVISION were of mild-to-moderate 

severity and/or resolved or stabilised within 6 months of therapy. The long-term safety of givosiran is being 

evaluated in the ENVISION OLE. 18-month data from the ENVISION OLE indicated that the longer-term safety 

profile of givosiran is consistent with that observed in the RCT. 

5.5 Clinical conclusion 
In conclusion, givosiran is the first therapeutic option that achieved sustained reductions in levels of ALA and 

PBG, toxic factors driving attacks and other disease manifestations of AHP. In phase 3, double-blind, placebo-

controlled ENVISION trial, once-monthly SC administration of givosiran yielded statistically and clinically 

significant reductions in the rate of acute attacks and multiple other measures of disease burden.  

The clinical benefits observed in ENVISION represents a breakthrough in the management of AHP patients. In 

summary, givosiran resulted in a significant and clinically meaningful reduction in the composite annualized 

attack rate, compared to best supportive care, of 74% (p<0.001) and 73% (p<0.001) in patients with AIP and 

AHP, respectively (17). This was accompanied by a significant reduction in the number of days with haemin use 

compared to best supportive care. Importantly, approx. a 3-fold higher proportion of patients with AIP/AHP 

were attack free at 6-months when treated with givosiran compared with best supportive care (17). 

Notably in the phase 3 OLE phase, long-term efficacy was proven by consistent reductions in the composite 

porphyria attack rates, which were sustained in patients who continued to receive once-monthly givosiran and 

in those who crossed over to once-monthly givosiran from best supportive care (18).  

The additional benefit was proven by secondary outcomes demonstrating patients had improvements in 

symptoms, which translated into improved HRQoL. Importantly givosiran leads to pain reduction while 

reducing the need for opioid treatment and further improved the ability of AHP patients to function physically 

and socially (SF-12-PCS) (17).  

Givosiran transforms the standard of care for AHP as the only treatment with robust evidence showing 

prevention of acute attacks as well as a holistic treatment of the condition. There are no comparators that 

occupy the same place in therapy as givosiran, a disease-modifying, preventative treatment for AHP. 
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Figure 2: Pathophysiology of AHP 

 

AHP, acute hepatic porphyria; AIP, acute intermittent porphyria; HMBS, hydroxymethylbilane synthase. Source: Adapted from Bissell et al., 
2017(5). 

Depending on the type of AHP, the disease manifests in the form of acute neurovisceral attacks alone (AIP, ADP) 

or as acute attacks with cutaneous phototoxicity that occurs apart from or along with attacks (HCP, VP). AIP and 

ADP are the only types of porphyria that are not generally associated with cutaneous phototoxicity due to the 

causative enzyme deficiencies occurring prior to porphyrin formation in the haem biosynthetic pathway (8). 

However, cutaneous symptoms may occur in patients with AIP if the disease is complicated by advanced renal 

disease (8). 

6.1.3 Clinical features of Acute Hepatic Porphyria  

AHP disease severity 

There is currently no standard classification to define disease severity in AHP. A study by Neeleman et al., 

2018(22) proposed a classification of AHP based on the frequency of occurrence of attacks as follows:  

• Recurrent: >4 attacks per year  

• Symptomatic: ≥1 attack in any year but did not meet the criteria for a recurrent case  

• Asymptomatic: mutation carriers who did not experience attacks  

The classification of AHP severity described in Neeleman et al. was subsequently used as a basis for the 

development of the health states in the economic model, as described in section 9.1. However, based on findings 

from the ENVISION phase 3 study of givosiran, categorising all patients with more than four attacks per year as 

part of one singular health state is an overly broad and crude consideration of patients’ disease severity. The 

ENVISION study revealed a high variation in the number of attacks patients could experience in a given year, 

ranging from 0 to 52.(18) The addition of a “Severe” disease health state for patients with more than 24 attacks 

per year allows for a more granular estimation of patients’ disease severity. Danish expert clinicians considered 

a four-level categorisation of AHP health states to be appropriate, so this categorisation is used to define health 

states in this submission. (29) 
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Acute Attacks 

AHP attacks manifest as episodes of potentially extreme incapacitation characterised by a combination of non-

specific symptoms and if left untreated, AHP attacks are known to be potentially life-threatening (30). Attacks 

start with intense and usually diffuse abdominal pain and muscle weakness, followed by nausea and vomiting, 

constipation or diarrhoea, hypertension, tachycardia, limb, head, neck or chest pain, mental symptoms 

(including confusion and hallucinations), convulsions, and seizures (5,9,10). neurovisceral symptoms are 

generally indistinguishable between the different types of AHP; however, symptoms may vary substantially 

between patients (27,31). 

Recurrent acute attack 

The proposed categorisation by Neeleman et al. aligns with the definition of recurrent acute attacks in the 

European Porphyria Network (EPNET) guidelines as >4 attacks per year, and the majority of studies align with 

this definition (7,22,32,33). Only 3%–5% of symptomatic patients experience recurrent acute attacks (defined 

as ≥4 attacks per year) (11)..(10) Extreme cases of 50 to 100 attacks per year were reported in the UK survey of 

patients with AIP have been reported  (34). 

Chronic disease manifestations 

Chronic, ongoing signs and symptoms, outside of those found in attacks, occur frequently in AHP. Neeleman et 

al., 2018, reported the prevalence of porphyria symptoms in recurrent patients (>4 attacks per year), 

symptomatic patients (1–4 attacks per year), and asymptomatic individuals (0 attacks) with AIP (22). The data 

showed high rates of pain, neurological, and psychiatric symptoms in all three groups, with the prevalence of 

symptoms generally increasing with higher frequency of attack (22) Between-group differences in the major 

categories of pain, neurological, and psychiatric symptoms were statistically significant (22). Significant 

differences in the majority of subcategories of symptoms were also reported when comparing recurrent or 

symptomatic cases to asymptomatic cases alone (0 attacks) with AIP (22). The data showed high rates of pain, 

neurological, and psychiatric symptoms in all three groups, with the prevalence of symptoms generally 

increasing with higher frequency of attack (22). Between-group differences in the major categories of pain, 

neurological, and psychiatric symptoms were statistically significant (22). Significant differences in the majority 

of subcategories of symptoms were also reported when comparing recurrent or symptomatic cases to 

asymptomatic cases alone (22).  

All recurrent cases and 91.7% of symptomatic cases reported pain, the cardinal symptom of AHP. Abdominal 

pain was the most reported chronic symptom in all categories of acute attack frequency. Chronic neurological 

symptoms were also highly prevalent among recurrent attack patients (81.8%), with motor weakness and 

paraesthesias being the most common manifestations.  

Advanced neuropathy, coma, or respiratory failure occurred only in patients who experienced attacks. Chronic 

psychiatric illness was reported in 81.8% of patients with recurrent attacks, who had the highest rates of anxiety, 

depression, psychosis/hallucinations, insomnia, and suicidality among the three groups.(22) These data 

demonstrate the heavy burden of chronic manifestations in AHP, the strong association between the prevalence 

of chronic symptoms and acute attack frequency, and the ongoing presence of chronic AHP symptoms even in 

some patients with no history of acute attacks. Chronic psychiatric illness was reported in 81.8% of patients with 

recurrent attacks, who had the highest rates of anxiety, depression, psychosis/hallucinations, insomnia, and 

suicidality among the three groups.(22) These data demonstrate the significant impact heavy burden of chronic 

manifestations in AHP, the differences strong association betweenin the prevalence of chronic symptoms as 

they relate to and acute attack frequency, and the ongoing presence of chronic AHP symptoms, even in the 

complete absence of some patients with no history of acute attacks. 
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Anaemia 

Anaemia increases with increasing frequency of acute attacks (22). Although no data are available on the 

increase in mortality due to anaemia in patients with AHP specifically, it has been associated with a 70% increase 

in 8-year mortality (40).  

Hypertension 

AHP may lead to an increased long-term risk of chronic sustained hypertension, (35,37,41,42) and deaths due to 

complications of hypertension in AIP patients have been reported (37). 

HCC 

An estimated 10% of patients with AHP die from cancer of the liver,(36,43) and HCC has been reported as a long-

term complication of AHP, occurring in approximately 1.5% of AHP patients (36,37,44–48). HCC may occur in 

AHP patients who do not experience attacks or show signs of cirrhosis,(27,37) and may be due to direct 

carcinogenicity of ALA, reduction in free radical scavenging due to reduced haem-containing antioxidant 

enzymes, or tumour suppressor genes being directly or indirectly affected by mutations in the HMBS gene 

(26,37). 

Survival  

In recent years, improvements in disease recognition and the prompt treatment of acute attacks with haemin 

have dramatically reduced attack-related mortality, making it a relatively rare event (41,49). Although there has 

been a decline in attack-related mortality, the overall mortality risk of patients with AHP is still increased 

compared to the general population. A recently published retrospective, population-based, cohort study by 

Baravelli et al., based on data from 33 patients with AHP in the Norwegian Porphyria Registry collected from 

1992 to 2017, found an overall mortality HR for AHP patients of 1.3 (95% CI 1.0, 1.8) compared with the general 

population (50). The increase in mortality risk may be attributed to several long-term complications (i.e. CKD, 

hypertension, HCC, anaemia, and epilepsy) that are associated with reductions in survival. Additionally, a high 

rate of suicide is reported in AHP compared with that seen in the general population (3.7% vs 0.01%) (51). 

Suicidality is more common among patients that experience recurrent attacks (22). These findings are 

compatible with reports from the literature that suicidality among young adults with chronic disease is more 

than 70 times that of the general population (52). 

6.1.4 Diagnosis 

For most patients with AIP, symptom onset is between the second and fourth decades of life, with a median 

age at diagnosis of 33 years (11,20). This is also the case for those with VP and HCP.  

Diagnosis is often challenging due to the non-specific symptoms and the rare nature of the disease. AHP is 

often initially overlooked or misdiagnosed. For 61% of patients included in the EXPLORE natural history study, 

the first international natural history study in patients with hepatic porphyria characterised by recurrent 

attacks (defined in this study as ≥3 attacks per year or on prophylactic treatment to prevent attacks), accurate 

diagnosis took over 5 years and further a U.S. study demonstrated that diagnosis of AHP is delayed on average 

by up to 15 years (20). A recent survey of 38 patients conducted in collaboration with the British Porphyria 

Association (Gill et al., 2019) found that the time between first symptoms and AHP diagnosis averaged 4.2 

(SD=5.9) years (34,53). This same survey reported that 17 of the 38 patients (45%) were initially misdiagnosed 

before being diagnosed with AHP (53). 
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6.1.5 Burden of illness – Quality of Life - Impact on the quality of life of patients, their families and 
carers 

Patients with AHP experience debilitating attacks and disabling chronic symptoms between attacks resulting in 

a reduced HRQoL, particularly with regard to pain/discomfort, anxiety/depression, and the ability to function 

normally (7). Patients in the EXPLORE study reported experiencing substantial problems with pain, 

anxiety/depression, everyday activities, and mobility, and 25% of AHP patients required assistance in activities 

of daily living (Figure 3) (54).   

Figure 3: Symptomatic patients with AHP reporting at least some problem in specific domains of the EQ-5D-5L 

 

AHP: acute hepatic porphyria; EQ-5D-5L: 5-level version of the EuroQol five-dimensional health status questionnaire. Source: EXPLORE study, 
Gouya et al. (2020)(7)  

For AHP patients, quality of life is negatively affected not only during attacks but also between attacks. AHP 

patients who have experienced acute attacks report high rates of anxiety and depression (22,55,56). AHP 

patients describe feelings of isolation, not only due to a lack of understanding about the disease by friends, 

family, and healthcare professionals, but also due to the intensity of the pain they experience (32). 

The extent of the debilitation that AHP patients suffer during acute attacks is extreme, as is revealed by patients’ 

testimonials. Patients characterize the pain of acute attacks as “not compatible with life”(30) and ”not of this 

world” (57). One patient described the terror associated with recurrent attacks as follows: “The overwhelming 

feeling was always utter fear, that this was it. That this one was going to get worse…the fear that my body would 

sort of break from the pain, because I couldn’t, in my head I’m thinking there is only so much I can deal with, at 

some point you’re going to snap.”(53).  Other patient descriptions of AHP attacks are presented in Table 5. 
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Thus, even with the availability of givosiran, rescue therapy retains an important role in the treatment of AHP. 

Once an acute attack occurs, rescue therapy may be instituted (64). Use of haemin as a rescue therapy is aligned 

with the Danish summary of product characteristics (14). 

Carbohydrate loading is another rescue therapy option for patients experiencing an acute attack, but experts 

agree that it should be limited to mild attacks or as a stop-gap measure until haemin can be administered since 

the effects of treatment are weak and there is no reliable evidence on its efficacy (27,64). As there are no 

definitive data supporting carbohydrate loading for the prophylaxis of acute attacks, the use of carbohydrate 

loading as prophylaxis is not recommended (1,3). 

The place in therapy of haemin and carbohydrate loading are completely different from that of givosiran—they 

are rescue therapies that are generally used on a short-term basis and for which efficacy is measured by the 

resolution of the acute attack (Figure 5) (64). The posology of Normosang (haemin), as detailed in the SmPC, 

confirms the short-term intended use of this product, with a maximum recommended dosing regimen of 4 

days (14). However, in clinical practice IV rescue haemin treatment is often extended for longer in severely ill 

patients (15,16). 

Figure 5: Rescue therapies are administered as short-term treatment for breakthrough attacks 

 
AHP: Acute hepatic porphyria 

In addition to the short-term treatment targeting the resolution of the attack (haemin and carbohydrate 

loading), symptomatic therapy including treatment for pain, hypertension, tachycardia, nausea, vomiting, and 

convulsions can mitigate the symptoms of AHP, both during an attack as well as in between attacks. 

6.2.2 Choice of comparator(s)  

As agreed in consultation with the DMC, the comparator in this submission conducted for Denmark is BSC, 

constituting the standard treatments, such as rescue haemin, that are used in clinical practice to speed the 

resolution of symptoms and reduce the hospital length of stay hospital stays during acute attacks.(3,64) BSC 

was determined to be the appropriate comparator for the submission because givosiran is the only disease-

modifying therapy that treats the underlying AHP disease process, thereby preventing the occurrence of 

attacks and addressing ongoing chronic pain (7). 

6.2.3 Description of the comparator(s) 

There is no accepted standard of care for treating recurrent AHP, beyond merely managing acute attacks after 

they occur. Patients are therefore offered BSC constituted by treatment at the hospital with glucose infusion 

(300-400 g/day), and if glucose infusion lacks effect, haemin treatment is initiated (63). Haemin is infused daily 

for up to 4 days according to the SmPC (14). However, in clinical practice IV rescue haemin treatment is often 

extended for longer in severely ill patients (15,16). The effect on pain and visceral symptoms occurs after 1-2 

days, while the effect on any paralysis is poorer. Management and treatment of symptoms like pain, 

hypertension, tachycardia, nausea, vomiting, and convulsions should be provided in order to mitigate the 

symptoms.  
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6.3 The intervention 

Givosiran, manufactured by Alnylam Pharmaceuticals, Inc., is the only disease-modifying therapy that treats the 

underlying AHP disease process, thereby preventing the occurrence of attacks and addressing ongoing chronic 

pain (17). Givosiran is a small interfering ribonucleic acid (siRNA) therapeutic targeting delta aminolaevulinic 

acid synthase 1 (ALAS1) (65). Administration of givosiran significantly lowers induced liver ALAS1 levels in a 

sustained manner and thereby decreases levels of the toxic heme intermediates ALA and PBG to near-normal 

levels (17,65). By reducing accumulation of these intermediates, givosiran significantly reduces or prevents the 

occurrence of porphyria-related attacks and also decreases other aspects of disease burden (17). While attacks 

are reduced by almost 75% in patients who receive givosiran, there remains a need for best supportive care 

treatment that can ameliorate breakthrough acute attacks when they do occur (17). Patients will therefore 

receive BCS as describe above when such breakthrough acute attacks occur (see section 6.2.3) 

Posology 

The dosing is 2.5 mg/kg once monthly by SC injection, no co-medication needed, and givosiran treatment is 

expected to continue throughout the patient’s lifetime.  

Monitoring 

Liver function tests should be performed prior to initiating treatment with givosiran, and these tests should be 

repeated monthly during the first 6 months of treatment, and as clinically indicated thereafter. Notably, monthly 

liver function tests after the first 6 months of treatment are not a standard requirement for givosiran (19). 

Increases in serum creatinine levels and decreases in estimated glomerular filtration rate (eGFR) were 
reported during treatment with givosiran. In the ENVISION study, the median increase in creatinine at month 3 
was 6.5 µmol/L (0.07 mg/dL) and resolved or stabilised by month 6 with continued monthly treatment with 2.5 
mg/kg givosiran. Progression of renal impairment has been observed in some patients with pre-existing renal 
disease and these events were by biopsy deemed to be consistent with the patients’ underlying 
disease(17,66). Careful monitoring of renal function during treatment is required in such cases of patients with 
pre-existing renal disease (66), however regardless of givosiran treatment renal monitoring is always 
encouraged for all AHP patients due to long-term disease related complications (3). 

Treatment discontinuation 

Interrupting or discontinuing treatment should be considered for clinically relevant transaminase elevations. In 

case of subsequent improvement in transaminase levels, resumption of treatment at a 1.25 mg/kg dose after 

interruption could be considered (17,66). In the ENVISON study 5 patients treated with givosiran the 

transaminase elevations resolved with ongoing dosing at 2.5 mg/kg. Per protocol, one patient with ALT more 

than 8 times the upper limit of normal (ULN) (defined as stopping rule) discontinued treatment and one patient 

with ALT more than 5 times the ULN interrupted treatment and resumed dosing at 1.25 mg/kg. ALT elevations 

in both patients resolved (17,66). 

7. Literature search and identification of efficacy and safety studies 

7.1 Identification and selection of relevant studies 

Based on the new DMC method guideline the DMC can accept that systematic literature review is not carried 

out if one or several studies have already directly compared the new pharmaceutical with the relevant 

comparator. 

The pivotal phase-3 ENVISION trial provides head-to-head data with the relevant comparator used as the 

current standard treatment in Denmark, and since no further comparative studies with givosiran have been 

conducted by Alnylam, a literature search will not contribute any additional relevant information. 
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on OLE study in which they will receive treatment with givosiran for up to 30 months. In this dossier, data is 

presented for 6-month DB phase of ENVISION and the 18-month data-cut of the OLE study.  

The main inclusion criteria in the ENVISION trial were age ≥12 years, documented AHP, and at least two 

porphyria attacks in the last 6 months. Patients had to be willing to discontinue and/or not initiate haemin 

prophylaxis. Patients were randomised 1:1 to study drug (Givosiran 2.5 mg/kg by SC injection monthly; n=48) or 

placebo (sodium chloride 0.9% weight/volume for SC administration monthly; n=46) in a double-blind manner. 

Patients with significant ALT elevations were allowed to be resumed in the DB RCT phase at a lower dose (1.25 

mg per kilogram). Further in the OLE phase of the study two doses were assessed during the OLE period: 2.5 and 

1.25 mg/kg givosiran once monthly. The 1.25 mg/kg dose was introduced as an a rechallenge dose in response 

to patients experiencing liver transaminase elevations.  

Figure 6: CONSORT flow diagram for the ENVISION RCT 

 

*Patients with other AHP includes patients with HCP, VP, or without an identified AHP mutation.  
AE: adverse event; AHP: acute hepatic porphyria; AIP: acute intermittent porphyria; ALT: alanine aminotransferase; HCP: hereditary 
coproporphyria; LFT: liver function test; N: number; RCT: randomised controlled trial; QM: monthly; VP: variegate porphyria. Source: Balwani 
et al. (2020) (17). 

Because the vast majority of patients with AHP have the AIP subtype of the disease, the primary endpoint and 

most secondary efficacy endpoints were set up to be assessed in patients with AIP subtype with an identified 

mutation to allow for a more homogeneous population for an assessment of efficacy. Alnylam have chosen to 

present the results from both the primary AIP efficacy population as well as the overall AHP population to 

demonstrate consistency of the results. As the AIP subtype represented ≈ 95% of the patients in the ENVISION 

trial, the AIP analysis is a very close approximation of the ITT population, which was used for reporting all safety 

outcomes. Because givosiran acts upstream of the genetic defects in the heam-synthesis pathway that 

differentiate the AHP subtypes (see Figure 2), no difference in effect can be expected. Efficacy results presented 

in section 8.1.2 clearly demonstrate consistent reductions in the primary endpoint across the AHP and AIP 

populations of the trial. 

The primary endpoint of the study was the composite AAR requiring 1) hospitalisation, 2) an urgent healthcare 

visit, 3) or IV haemin administration at home, in patients with AIP over a 6-month double-blind treatment period. 

Details of the definition and parameterisation of the endpoints provided in this application are available in 

Appendix D. The AAR is presented for both the AHP and AIP cohort and in additional to this subset analysis is 
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*Secondary endpoints were analysed using a prespecified hierarchical order in the AIP population at 6-month intervention period unless 
otherwise stated. p-values of other outcomes are reported as nominal, as the endpoint did not meet the conditions of the prespecified 
hierarchical order.  
**The between-group difference in the median values in this category was not calculated with the use of statistical models. 
*** This value is a rate ratio (95% CI) for the comparison between givosiran and placebo. 
****PGIC: Proportion of patients reporting “much improved” or “very much improved”. None of the placebo patients reported that their 
condition was “very much improved”. PPEQ: Results are given in the section with exploratory endpoints below. 
‡Because of a significant deviation from normal distribution, the planned methods of a mixed model for repeated measures or analysis of 
covariance were not valid. A nonparametric stratified Wilcoxon signed-rank test was therefore conducted. The median of the between-
group difference was estimated with the use of the Hodges–Lehmann method.  
AUC: area under curve; CI: confidence interval; MCS: SF-12 Mental Component Summary Score; NR: not reported; NT: not tested; PCS: SF-
12 Physical Component Summary score; PGIC: Patient Global Impression of Change Questionnaire; PPEQ: Porphyria Patient Experience 
Questionnaire. 

Composite annualized attack rate (AAR) – primary endpoint 

In patients with AIP, the mean AAR over 6 months was 3.2 (95% confidence interval [CI], 2.3 to 4.6) in the 

givosiran group and 12.5 (95% CI, 9.4 to 16.8) in the placebo group, representing a 74% lower rate in the givosiran 

group (P<0.001). Efficacy data from the AHP group were consisted with these findings (Table 9). For each of the 

three components of the composite attacks, there was a greater reduction in the givosiran group than in the 

placebo group, illustrated in Figure 7 (AIP group).  

Figure 7: Reduction in composite AAR, and the three components of AAR (AIP group) – ENVISION trial 

 

AAR: annualised attack rate; IV: intravenous. 
Note: All components of the AAR-composite endpoint were significantly reduced in the givosiran group compared to the placebo group 

The median annualized attack rate was 1.0 (interquartile range, 0.0 to 6.2) in the givosiran group and 10.7 

(interquartile range, 2.2 to 26.1) in the placebo group, a relative difference of 90% (AIP group), illustrated in 

Figure 8 (17).  

Figure 8: Median AAR for Givosiran vs. placebo group – ENVISION trial 

 

This decrease was evident within the first month and was sustained throughout the 18-month OLE-phase (see 

Figure 10). Fifty percent of the patients in the givosiran group had no porphyria attacks during the intervention 

period, as compared with 16.3% of those in the placebo group (AIP group).  
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Urinary PBG levels was observed in patients in the givosiran/givosiran group through 18 months (Figure 11, 

bottom panel) of givosiran treatment with median reductions from baseline in PBG levels ranging from 75.6% 

to 94.5% through 18 months of treatment. Patients in the placebo/givosiran group had rapid and sustained 

reductions in PBG levels with a time course similar to that observed in givosiran patients in the DB period (Figure 

5). Near maximal reduction in PBG was achieved within 2 weeks of crossing over to givosiran treatment. 

Figure 11: Median urinary ALA (top panel) /PBG (bottom panel) levels by visit during givosiran treatment over time 

(AHP-population) 

 

DB: double-blind; Givo: givosiran; OLE:open-label extension; PBG: porphobilinogen; Pbo:placebo 

 

Other secondary endpoints 

In patients with AIP, the mean annualized number of days of haemin use was significantly lower in the givosiran 

group than in the placebo group at 6 months (6.8 days vs. 29.7 days, representing a 77% lower number in the 

givosiran group) (P<0.001). Overall, 54% of the patients in the givosiran group had no days of haemin use, as 

compared with 23% of those in the placebo group. Reduction in haemin use may be beneficial, since haemin is 

potentially associated with both acute side effects (e.g., headache, fever, and phlebitis) and chronic side effects 

(e.g., iron overload, venous obliteration, and complications with indwelling central venous catheters) (68,69). 
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Among the patients with AIP, the worst daily pain score was significantly lower in the givosiran group than in the 

placebo group (P=0.046). There were no significant between-group differences in the worst daily scores for 

fatigue or nausea, although trends numerically did favour givosiran.  

Among the patients with AIP, the mean (95 % CI, p-value) change from baseline in the Physical Component 

Summary of the SF-12 was 3.9 (0.6, 7.3, p=0.028) points higher (indicating improvement) in the givosiran group 

than in the placebo group at 6 months. Improvements in SF-12 PCS were clinically meaningful, based on 

published literature in other chronic diseases suggesting that a change of 2 to 5 points represents a meaningful 

change (70,71). Results across SF-12 domains showed a consistent effect favouring givosiran over placebo, with 

the largest effects observed for the domains bodily pain, social functioning, and role limitations due to physical 

problems. 

Figure 12: ENVISION: Forest plot diagram showing the change from baseline to Month 6 in SF-12 domain scores 

 

AIP: acute intermittent porphyria; LS: least square; SF-12: 12-Item Short Form Health Survey. Source: Balwani et al. (2020)(17) 

Exploratory Endpoints (6 months – ENVISION, AIP population) 

No statistical testing was performed for exploratory endpoints, but they are reported here to supplement the 

findings of the primary and secondary efficacy analysis. In summary, givosiran resulted in improvements in the 

need for opioid usage, consistent with a reduction in AAR necessitating less analgesic usage to treat attacks. Also 

associated with the reductions in the AAR, patients treated with givosiran reported large improvements in their 

condition using the PGIC instrument and much higher overall satisfaction with porphyria treatment than patients 

treated with placebo. 

Analgesic Usage: Givosiran treatment led to a lower proportion of days with opioid use over the 6-month DB 

period compared with placebo in the AIP population (Givosiran: 23% vs Placebo: 38%) (72). This is an important 

finding, as can be assumed to reduce the likelihood of developing opioid dependence and reduce the adverse 

reactions associated with opioid treatments.   

Quality of life:  

Using the PGIC instrument, 59.4% of givosiran-treated AHP patients reported that their condition was ‘Very 

much improved’ or ‘Much improved’ at Month 6, compared to 18.4% of placebo-treated patients reporting 
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that their condition was ‘Much improved’, while no placebo-treated patients reported that their condition was 

‘Very much improved’ (Figure 13) (72). 

Figure 13: ENVISION: PGIC in AHP at 6 months.  

 

The figure presents the proportion of patients with response 'Much Better’ (other options were “Minimally Better”, “No Change”, “Minimally 
Worse”, “Much Worse”). AHP: acute hepatic porphyria; PGIC: Patient Global Impression of Change. Source: Balwani et al., 2020.(17) 

Similarly, the PPEQ instrument demonstrated a more than 5-fold improvement in the overall satisfaction with 

porphyria treatment in patients treated with givosiran compared with patients receiving placebo (72.2% vs 

13.5%) (Figure 14) (72). 

Figure 14: ENVISION: PPEQ in AHP at 6 months.  

 

AHP: acute hepatic porphyria; PPEQ: Porphyria Patient Experience Questionnaire. Source: Balwani et al., 2020.(17).  

Conclusion on Clinical Benefit of Givosiran 

In conclusion, givosiran is the first therapeutic option that achieved sustained reductions in levels of ALA and 

PBG, toxic factors driving attacks and other disease manifestations of AHP (17,65). In the phase 3, double-blind, 

placebo-controlled ENVISION clinical study, once-monthly SC administration of givosiran yielded statistically and 

clinically significant reductions in the rate of acute attacks and multiple other measures of disease burden (17).  

The clinical benefits observed in ENVISION represents a breakthrough in the management for AHP patients. In 

summary givosiran resulted in significant and clinically meaningful reduction in the composite annualized 

attack rate, compared to best supportive care, of 74% (p<0.001) and 73% (p<0.001) in patients with AIP and 

AHP, respectively. This was accompanied by a significant reduction in the number of days with haemin use 

compared to best supportive care. Importantly, approx. a 3-fold higher proportion of patients with AIP/AHP 

were attack free at 6-months when treated with givosiran compared with best supportive care  (17). 
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discontinuation or withdrawal from the trial, and the other 5 patients who had an ALT level of more than 3 times 

the ULN had resolution of the ALT elevations with continued dosing (at 2.5 mg per kilogram). Elevations of ALT 

were seen at similar frequencies and degrees in patients with or without elevated ALT at baseline. However, it 

should be noted that at baseline abnormally elevated ALT concentrations were observed in 20.8% of patients in 

the givosiran group and 4.3% in the placebo arm (17).  

Renal adverse events: 

Renal AEs were reported in 15% (n=7) of the patients in the givosiran group and in 7% (n=3) of those in the 

placebo group; the majority of these events were an increase in the serum creatinine level or a reduction in 

eGFR (17). The results of eGFR are illustrated in Figure 17. 

Figure 17: ENVISION results of intervention impact on eGFR (17) 

 
eGFR: Estimated Glomerular Filtration Rate. 

Of these events, 5 patients in the givosiran group had either the onset or worsening of chronic kidney disease, 

and 1 patient in the placebo group had worsening nephropathy, all of which were associated with an increased 

creatinine level and a decreased eGFR. Two patients in the givosiran group who had worsening of chronic kidney 

disease were considered to be serious due to elective hospitalisation for diagnostic evaluation. Renal biopsies in 

both patients were consistent with underlying disease (hypertension and porphyria-associated nephropathy), 

and there were no signs of immune complex or primary glomerular renal disorders  (17).  

Most of the renal AEs were mild to moderate in severity and resolved or stabilised by Month 6 without treatment 

interruption. No patients discontinued either givosiran or placebo because of a renal AE (17). Overall, an analysis 

of renal measures showed minor increases in the serum creatinine level (median increase at 3 months, 0.07 mg 

per deciliter [6.2 μmol per liter]) and corresponding decreases in the eGFR were noted early during givosiran 

treatment; both findings were mainly reversible over time without any dose modifications (17). Stratification of 

patients according to the baseline category of eGFR did not show an increased percentage of renal impairment 

(as assessed by the eGFR) in any group (17). 

Other AEs of interest 

Injection-site reactions occurred in 25% of the patients in the givosiran group and were associated with 7% of 

279 givosiran doses. All the reactions were mild or moderate in severity, and none led to discontinuation. There 

were no clinically significant elevations in amylase or lipase levels and no development of antidrug antibodies 

(17). 

Nausea was reported in 13 patients taking givosiran (27.1%) and in five patients taking placebo (10.9%). No 

nausea SAEs were reported, and most were mild in severity. One severe AE of nausea in a patient that was 

treated with givosiran was assessed as being unlikely due to the study drug. Vomiting was reported in two (4.2%) 



 

   

Side 48/133 

 
Medicinrådet    Dampfærgevej 27-29, 3. th.   DK-2100 København Ø    +45 70 10 36 00    medicinraadet@medicinraadet.dk     www.medicinraadet.dk 

 

patients taking givosiran and in five (10.9%) patients taking placebo. Most events were mild or moderate in 

severity. A severe AE of vomiting occurred in the same givosiran patient who had experienced severe nausea. 

This event was also assessed as being unlikely due to the study drug and resolved within 1 day of onset with no 

change in dosing. No events of vomiting led to study drug interruption or discontinuation (17). 

All reported AEs of rash (3 patients in the givosiran group; 6.3%) were mild in severity. Two of the AEs were 

considered to be possibly related to the study drug. All rashes resolved without change in dose to the study 

drug. Pyrexia was reported in one givosiran patient (2.1%) and in six patients taking placebo (13.0%). The 

givosiran patient experienced three events, all of which were mild or moderate in severity. Fatigue was reported 

in five patients taking givosiran (10.4%) and in two patients taking placebo (4.3%). Two AEs in two givosiran-

treated patients were considered possibly related to study drug. All AEs of fatigue were mild in severity. Acute 

Pancreatitis was reported in one givosiran-treated patient (2.1%) and in three placebo-treated patients (6.5%). 

No cases of anaphylactic reaction or severe hypersensitivity that were considered related to givosiran were 

reported in the placebo-controlled DB period. The safety analysis was consistent across the subgroups of AHP 

that were tested (17). 

There were deaths and no reports of hepatocellular carcinoma in the ENVISION and ENVISION-OLE study. As 

patients with AHP are at increased risk of hepatocellular carcinoma, this risk is also continuously monitored in 

the ongoing safety studies as described below. 

Ongoing-studies examining long-term safety and efficacy 

The ENVISION-OLE study will continue as planned with a total of 30 months of extended follow-up. In addition, 

Alnylam is committed to monitoring safety in a company-sponsored AHP registry which will provide long-term 

safety and effectiveness data in a real-world cohort of AHP patients taking givosiran (73).  

The proposed registry, named ELEVATE, is expected to evaluate approximately 150 patients with an aim of at 

least 900 patient-years of givosiran exposure (i.e., average observation period of at least 6 years). Patients will 

be enrolled from sites in Europe and North America (other regions may be considered as needed). ELEVATE 

initiated its first site in April 2021.  

Furthermore, safety is continuously monitored from post-marketing surveillance with frequent reporting to 

the EMA/FDA. Any new safety concerns will be reported, and the product summary updated accordingly. All 

studies and post-marketing surveillance will continue to monitor the risk of hepatic and renal effects and 

carcinogenicity. To date no associated carcinogenicity has been observed in the clinical studies, and based on 

the preclinical carcinogenicity profile, there is no evidence to suggest givosiran has any carcinogenic potential 

(66).  

Conclusion on the safety of givosiran 

The safety profile of givosiran in patients with AHP has been well characterised in the placebo controlled 

ENVISION trial and the associated OLE phase. The cumulative safety data to date show that givosiran is 

generally well-tolerated and has a safety profile that is clinically manageable. In the ENVISION trial, the 

frequencies of AEs and SAEs were comparable between the givosiran and placebo arms (17). The main safety 

concerns were the potential effects of treatment on the liver and the kidney, which are addressed adequately 

through appropriate routine risk minimisation measures as demonstrated in ENVISION by monitoring hepatic 

and renal function. Renal and hepatic AEs in ENVISION were mostly reversible and were also consistent with 

the underlying pathology of AHP (17). The majority of ALT elevations observed in patients taking givosiran 

were mild to moderate, occurred approximately 3–5 months after givosiran was started, and resolved or 

stabilised by Month 6 (2). Observed increases in serum creatinine among patients taking givosiran were 

generally small (median change of 0.07 mg/dL at Month 3) and resolved or stabilised by Month 6. Observed 

deceases in eGFR also resolved or stabilised by the final assessment at 6 months. Eighteen-month data from 
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the OLE phase of ENVISION indicate that the long-term safety profile of givosiran is consistent with that seen in 

the randomised trial phase (18,67).  

Given the clear clinical benefit of givosiran in terms of attacks averted, symptom improvement, and 

improvements in physical functioning and HRQoL (see section 8.1.2), the benefit-to-risk profile of givosiran is 

favourable. 

8.1.3 Comparative analyses of efficacy and safety 

Results from the comparative analysis 

This section is not applicable as the ENVISION trial is the only study of interest and results have already been 

provided above.  
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According to the ENVISION inclusion criteria, all patients were required to have experienced repeated acute 

attacks, corresponding to ≥2 attacks in the 6 months prior to study entry. To align with this study population, 

all patients in the cohort enter the model sorted into the Symptomatic, Recurrent or Severe health states as 

defined in Table 14, based on the distribution of baseline severity of patients enrolled in ENVISION(33). The 

proportion of the cohort entering the model in each health state was obtained by pooling data on the baseline 

distribution of givosiran and placebo patients in ENVISION.  

The efficacy of givosiran and BSC was based on the transition probabilities obtained from the ENVISION trial as 

well as an additional 12 months of the ENVISION OLE. In each Markov cycle, a patient can transition between 

any of the following four health states (i.e., Asymptomatic, Symptomatic, Recurrent or Severe) based on the 

transition probabilities obtained from the ENVISION data. The cohort may transition to death from any alive 

health states based on population-adjusted norms. In line with current treatment practice and the best 

evidence available to model mortality in AHP, the model does not incorporate death due to acute attacks, as 

fatalities due to AHP attacks have become exceedingly rare among diagnosed and treated patients. The model 

structure and the definition of the health states were validated by the global AHP expert clinicians Prof. Jan 

Frystyk (head of Department and head of Research Department of Endocrinology, Odense University Hospital 

& Institute of Clinical Research, Faculty of Health Sciences, University of Southern Denmark in Odense), Dr. 

Eliane Sardh (lead position at Porphyria Center Sweden, and member of the steering committee for the 

European Porphyria Network), Dr. Janneke Langendonk (Director of the Porphyria Centre in Rotterdam and 

Dutch AHP expert), and Prof. Laurent Gouya (head of the French Referral Centre on Porphyria). 

9.1.1 Justification of the chosen structure in line with the clinical pathway of care 

Basing the model on levels of attack frequency (defined by the AAR) is relevant in the context of a disease that 

is characterised by recurrent acute attacks, each of which have a debilitating impact on patient wellbeing and 

HRQoL. An increase in the frequency of acute attacks is also associated with higher rates of chronic conditions 

(Section 9.2.1.3).  

The staging system (Table 14) in the present CEA reflects the number of attacks a patient experiences per year, 

rather than considering the number of attacks that patients experience in any year of their life (i.e., 

distinguishing between >4 attacks per year vs >4 attacks in any one year over a lifetime). An additional disease 

category (Severe disease; defined as >24 attacks per year) was also added to the staging system in the 

economic model to refine the ‘recurrent disease’ definition proposed by Neeleman et al. (2018)(22). Based on 

findings from the ENVISION study, it was considered that categorising all patients with more than four attacks 

per year to be part of one singular health state was an overly broad and crude consideration of patients’ 

disease severity. ENVISION demonstrated a high variation in AAR, ranging from 0 to 53. The addition of the 

‘Severe disease’ health state allows for a more granular estimation of the severity of AHP disease and aligns 

with the understanding of AHP by global clinical AHP experts, as mentioned in the paragraph above. 

Furthermore, HRQoL data from ENVISION affirms that there is a clinically meaningful separation in how 

patients experience ‘Recurrent’ vs ‘Severe’ disease. Patients with a high AAR (i.e., >24 attacks per year) 

experience clinically meaningfully worse disease than patients who have >4 to ≤24 attacks per year, thus 

demonstrating that the ‘Severe’ health state is distinct from the ‘Recurrent’ disease state. Structured 

interviews with expert clinicians confirmed that the definitions of the model health states were clinically 

sound(75).  

9.1.2 List of all assumptions in the model and a justification for each assumption 

Table 15 summarises the assumptions in the CE model for givosiran. 
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Figure 19: Conceptual schematic of utilities in the model 

 
Note: This schematic depicts utility for a patient who remains in a given model health state (i.e., does not transition to a different health 
state). The decline in utility over time reflects the decreasing HRQoL of the general population with increasing age. AHP: acute hepatic 
porphyria; HRQoL: health-related quality of life. 

Uncontrolled ALA and PBG levels impact both the acute and chronic aspects of AHP (Figure 20). Decreasing 

levels of these toxic precursors would be predicted to reduce not only the frequency of acute attacks and the 

impact of the irreversible and cumulative damage they may cause, but also the burden of chronic conditions. 

In the CEA, long-term complications such as CKD and HCC are not considered as incidence data are poor or not 

available. These conditions can also not be included as prevalence conditions by health state, since they are 

not known to be reversible (i.e., there is no evidence that the conditions will improve with improvements in 

AHP health states). On the other hand, the CEA does consider chronic conditions which can be reverted with 

lower AHP attack frequency, such as pain, neurologic symptoms, and psychiatric conditions.  

 

Figure 20: Role of toxic haem precursors in acute and chronic conditions of AHP 

 
AHP: acute hepatic porphyria; ALA: aminolevulinic acid; PBG: porphobilinogen. Sources: Anderson et al. 2005, Pischik and Kauppinen 2015, 
Peoc’h et al. 2018, and Wang 2019. (26,27,41) 

9.2.1.3 Chronic conditions 

There are no published long-term studies that comprehensively record the prevalence of chronic conditions 

among patients with AHP in Denmark. Clinical experts in AHP have agreed with Alnylam that the most 

appropriate source for chronic condition prevalence in this disease is the long-term natural history study 

conducted by Neeleman et al. (2018)(22).  This rich dataset provides a half-century of follow-up for 88 patients 

in the Netherlands. A key focus of Neeleman et al. was to assess the prevalence of symptoms and long-term 

complications(22). In contrast, the ENVISION trial had the primary objective of assessing the efficacy and safety 

of givosiran, and the EXPLORE study focused on the natural history and current clinical management of AHP 

over a relatively short time period (6 months with an optional 12-month visit). Consequently, neither 

ENVISION nor EXPLORE capture long-term data on chronic conditions, and neither provided as comprehensive 

an assessment of chronic symptom burden in patients with AHP as did Neeleman et al. (22). Therefore, the 

study by Neeleman et al. (22) represents the long-term disease experience of AHP patients more accurately 

and comprehensively than either ENVISION or EXPLORE—or indeed any other study. 

Furthermore, whereas Neeleman et al. (22) studied patients with a wide range of AAR, including 

Asymptomatic patients, both ENVISION and EXPLORE enrolled only patients with repeated attacks.  Indeed, 
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Neeleman et al. (2018) (22) is unique in the literature for reporting the prevalence of chronic conditions 

stratified by attack frequency, making it the only data source available to capture this critically important 

aspect of the disease burden of AHP in the model. 

Patients in the Neeleman et al. cohort had been exposed to AHP for a much longer time than patients in 

ENVISION or EXPLORE, and therefore offer a more accurate representation of the full extent of chronic 

conditions that typically occur in this disease(22). The 88 patients described by Neeleman et al. had a median 

age at AHP onset of 30 years, and the reported median age at the end of study follow-up was 54 years(22). 

This indicates that the average duration of disease in the Neeleman et al. cohort was approximately 24 years 

at the end of follow-up(22). In contrast, the mean duration of AHP in the overall ENVISION trial population was 

only 9.7 years, and the median time since first attack in EXPLORE was even shorter, at 8 years. Thus, it was 

more appropriate to populate the model with rates of AHP chronic symptoms reported by Neeleman et al., 

because this long-term study is more representative of the relevant timescale of disability accrual in this 

chronic disease(22). 

Finally, the eligibility criteria in ENVISION and EXPLORE specifically excluded patients with any condition that 

could interfere with their participation in these studies. Thus, these studies inherently underestimate the true 

burden of comorbidities and complications in AHP patients encountered in clinical practice. For the CEM, 

therefore, it was more clinically realistic to use the real-world cohort described by Neeleman et al. (22) as the 

source of prevalence data on chronic conditions when estimating the impact of AHP chronic symptoms. 

The model incorporates only those chronic conditions that are reversible, as shown in Table 20, and does not 

include the long-term complications reported in the same study. As previously mentioned, this is a 

simplification of the model which can be considered conservative since BSC cohort is expected to develop 

more complication over time by remaining in the symptomatic/recurrent/severe health-states. 
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9.2.1.4 Impact of menopause on disease natural history 

The analysis assumes that all female patients with AHP in the Asymptomatic health state at the time of 

menopause will remain asymptomatic over their lifetime and therefore can discontinue givosiran treatment 

with no risk of further AHP-related attacks. This model assumption was validated with expert clinicians. The 

model applies this assumption: 

• Only to female patients 

• Only to patients who achieve the Asymptomatic health state before menopause 

• Regardless of whether the patient is in the givosiran or BSC arm 

• Based on a probability distribution of age at menopause onset  

Notably, this menopause assumption is applied consistently to patients in the givosiran and BSC arms of the 

cost-effectiveness model—i.e., it reflects the disease natural history, not a treatment-specific effect. Evidence 

on the natural history of AHP demonstrates that at menopause many women experience a reduction in attacks 

due to changes in hormonal levels(5,59,79). This reflects the fact that sex hormones have the capacity to 

influence the rate of haem biosynthesis by inducing the first enzyme in the haem pathway, ALAS1, thereby 

precipitating clinical expression of the underlying AHP mutation (80) (Figure 1). 

Multiple expert clinicians were consulted regarding our health-economic analysis, including Prof. Laurent 

Gouya, who is the coordinator of the Porphyria Rare Diseases Reference Centre in Paris (which is the only 

center in France to manage all aspects of AHP) and the senior investigator in the ENVISION trial. Agreement 

with this assumption was also provided by another ENVISION investigator who is an author on the publication 

in New England Journal of Medicine (7). These experts have noted that, in their experience, attacks and 

symptoms are unlikely to resolve after menopause in patients still experiencing frequent AHP-related attacks 

by menopause onset, whereas well-controlled patients have a high likelihood of remaining asymptomatic after 

menopause. These clinicians confirmed that it would therefore be appropriate for the model to assume that 

patients who are well-controlled and attack-free (i.e., in the Asymptomatic health state) by menopause onset 

would no longer require therapy to prevent attacks. This aligns with the natural history of AHP; namely, 

women are more likely to have AHP attacks, with the majority aged between 20 and 40 years (10) and this has 

been linked to changes in ovarian physiology(21,80). 

This phenomenon is also common for other conditions influenced by sex hormones and has been reflected in 

the health-economic assessment of drugs for other medical conditions in which the rate of discrete events like 

attacks is influenced by female sex hormones. For example, in the Single Technology Appraisal of 

fremanezumab for migraine prophylaxis, the NICE Evidence Review Group highlighted the importance of 

accounting for the natural history of migraine, in which many female patients experience spontaneous 

remission of migraine attacks after menopause, and thus the need for the fremanezumab CEA to incorporate a 

treatment stopping rule upon menopause onset (81).  

There is a solid pathophysiological rationale for linking a treatment-stopping rule for well-controlled AHP 

patients to female sex hormone levels. Sex hormones have the capacity to influence the rate of heam 

biosynthesis by inducing the first enzyme in the heam pathway, ALAS1, thereby precipitating clinical 

expression of the underlying AHP mutation(80). Clinical experts emphasized that female sex hormones play an 

important role in the manifestation of the disease (8). It is established in the literature that acute attacks are 

associated with the menstrual cycle in a number of women with AHP (3,82) and pregnancy can exacerbate 

attacks(80). A population-based study by Andersson et al. (2003) in the North of Sweden found that in 25% of 

symptomatic women oral contraceptive hormone therapy precipitated acute attacks, and in most of these 

cases, oral contraceptives triggered the patients’ first-ever attacks(83). Sex hormone-binding globulin is 

commonly increased during attacks(80). Gonadotropin-releasing hormone (GnRH) analogs mimic menopause 

by creating a hypoestrogenic state, and GnRH analogues have been effective at reducing attack frequency in 
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some women with AHP, though their potential role in clinical practice is limited by serious side effects with 

long-term use, including osteoporosis and endometrial dysplasia (3,84). Thus, the onset of menopause would 

be expected to halt the need for treatment in well-controlled patients. 

Based on these considerations, our analysis assumes that women who are in the Asymptomatic health state by 

the time they reach menopause will remain asymptomatic over their lifetime and therefore can discontinue 

treatment with no risk of further AHP-related attacks. Consistent with expert-clinician opinion that women 

with poorly controlled AHP (i.e., those still having attacks) are unlikely to experience resolution of attacks and 

symptoms after menopause, the model considers that women in the Symptomatic, Recurrent, and Severe 

health states remain at risk after menopause and therefore need to stay on treatment. 

The timing of menopause onset in the base case analysis is modelled using a continuous probabilistic function 

based on the normal distribution fit to the mean and standard deviation (SD) of menopause onset in a Swedish 

cohort comprising more than 22,000 postmenopausal women followed from 1997 through 2011 (78). It is 

believed that the mean and SD of menopause onset in Sweden can be applicable to Denmark. This 

probabilistic function is shown in Figure 21, based on a mean (SD) age at menopause of 51 (3.7) years. 

Figure 21: Probability distribution for age at menopause  

 
Source: Rahman et al. 2015(78) 

A crucial aspect of this new menopause-onset function in the revised model is that it results in the vast 

majority of the cohort entering menopause many years after model entry. All patients in the model cohort 

start at age 41.6 years, and within approximately 2 years (i.e., by age 43 years) only 1% of the female 

population would have entered menopause.   

9.2.1.5 Treatment effectiveness 

The effectiveness of treatment is measured in terms of changes in AAR from baseline over time, which are 

used to inform the transition probabilities in the CEA. Changes in AAR are modelled in terms of transitions over 

time between AHP disease severity stages (i.e., Severe, Recurrent, Symptomatic, and Asymptomatic).  

The effectiveness of treatment was obtained from the ENVISION study, considering both the 6-month double-

blind and the OLE periods at the latest data cut-off, at which time all patients who had not discontinued had 
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In addition to the fundamental problem that EQ-5D scores did not correlate with AAR during ENVISION, there 

are numerous logistical obstacles to using data from this trial to set health-state utilities, including the 

following critical issues: 

1. The EQ-5D assesses instantaneous health status on the day of questionnaire administration—i.e., it has 

no recall period of the past week, month, etc.—whereas health state based on AAR has to be calculated 

over some longer time period, which creates a mismatch whenever health state is not stable. 

2. Health states in ENVISION are not stable for most patients, and indeed this fact underlies the transition 

probabilities in the model. Therefore, EQ-5D measurements averaged from different time points do not 

correspond cleanly to a given health state and are confounded by treatment. 

3. Results in the double-blind period are confounded by treatment, considering that at 6 months 100% of 

Severe patients were in the placebo arm whereas 80% of Asymptomatic patients were in the givosiran 

arm. 

4. Per the ENVISION eligibility criteria, no patients were in the Asymptomatic state at baseline, so it is 

impossible to use baseline EQ-5D measurements to populate all four model health states. 

5. Considering attacks during the ENVISION OLE, no patients were in the Severe health state by Month 12 

or Month 18 (i.e., when AAR was calculated between Month 6 and Month 12 or between Month 12 

and Month 18), so it is impossible to use EQ-5D measurements from the OLE to populate all four health 

states. 

6. The relatively low prevalence of chronic conditions among patients in ENVISION likely reflects the short 

disease duration relative to the timeframe over which these conditions accumulate, as seen in the long-

term study by Neeleman et al. (2018) (22). Thus, ENVISION does not allow us to appropriately simulate 

the HRQoL burden of chronic conditions over the model time horizon. 

Similarly, the 6–12-month follow-up in EXPLORE is insufficient to capture HRQoL changes associated with the 

occurrence of these conditions that are known to occur over a lifetime. In addition, the relatively small sample 

sizes in ENVISION and EXPLORE would yield few (and sometimes no) patients for each possible combination of 

chronic conditions, precluding rigorous calculation of HRQoL decrements for any given combination.  

For these reasons, the long-term HRQoL decrements associated with pain, neurological and psychiatric 

symptoms were obtained from the literature and were then applied to the proportion of the cohort with these 

conditions in every health state based on prevalence data reported by Neeleman et al. 2018 (Table 20). This 

approach allowed us to leverage the unique, long-term dataset of Neeleman et al. (22), which reports data on 

the occurrence of chronic conditions of AHP over a 50-year period from 1960 to 2016), which is more accurate 

and representative of how patients may truly develop complications due to this disease over a lifetime. 

9.4.2.3.1 Targeted literature search 

The initial HRQoL SLR retrieved no studies in patients with AHP quantifying HRQoL for chronic conditions. A 

pragmatic search of the literature was therefore conducted in October 2020, targeting the search to HRQoL of 

chronic pain, neurological and psychiatric symptoms independently the presence of AHP.  

As per NICE DSU recommendation (DSU technical support document 9) (91), inclusion/exclusion criteria defined 

based on PICOS were not used to define the scope of the HRQoL target search since they would unnecessarily 

restrict the search and would therefore not be useful in identifying appropriate utility values for modelling 

purposes. The scope of the research was limited to conditions for which HRQoL data were needed (i.e. chronic 

pain, neurologic symptoms, psychiatric symptoms) and to the type of HRQoL data required (i.e. EQ-5D data 

reported as utility values). In addition, we considered only studies including adults Danish/Nordics/EU patients 

(in order of preference) and which were published in English. 
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transitions between AHP severity health states, though transitions to death occur). To address the uncertainty 

regarding extrapolation of treatment effects beyond observed data for givosiran, a scenario analysis was 

performed in which health-state transitions were applied up to cycle 6, matching the 3 years of observed data 

from the ENVISION double-blind period and OLE, with no further health-state transitions thereafter.  

2. Alternative extrapolation of BSC efficacy: ENVISION double-blind period for cycle 1, then probability 

of disease worsening up to year 5 

In contrast to the base-case analysis, which adopts the highly conservative assumption that health-state 

transitions in the BSC arm occur only in the first model cycle, a scenario analysis was performed in which BSC 

efficacy was based on the placebo group in ENVISION for the first cycle, and thereafter a per-cycle probability 

of disease worsening was applied to define transition to a health state one level worse (i.e., from 

Asymptomatic to Symptomatic, from Symptomatic to Recurrent, and from Recurrent to Severe). The 

probability of disease worsening was estimated based on data on time from diagnosis and AAR at 6 months in 

the placebo arm of the ENVISION double-blind trial. The estimated 13% per-cycle probability of disease 

worsening was applied in the placebo arm from the second cycle up to cycle 10 (year 5). This probability was 

also applied post-treatment discontinuation in the givosiran arm.  

3. Mortality Scenario Analysis 

In the base-case analysis, all AHP health states are assigned the same mortality HR of 1.3 compared with the 

general population, based on the increased risk of premature death for the overall AHP cohort in the real-

world study reported by Baravelli et al. (HR 1.3, 95% CI 1.0, 1.8)(50). This approach was adopted because the 

classified subgroups of AHP in this cohort did not have a significant mortality difference compared with the 

general population (i.e., their HR 95% CIs encompassed 1.0, likely reflecting lower sample sizes in the 

subgroups), and it was therefore deemed most rigorous to apply the overall HR to all patients. Applying the 

same HR in the Asymptomatic health state, which more patients in the givosiran arm achieve, as in the other 

health states should be considered a conservative approach for the base case, since an increased burden of 

chronic conditions and thus mortality is expected in patients with greater disease severity.  

In fact, despite overlapping 95% CIs, the mortality HR point estimate for AHP gene mutation carriers without 

porphyria symptoms in the Baravelli et al. study did differ from those in other patient subgroups: 0.7 (95% CI 

0.3, 1.4) versus 1.0 (95% CI 0.5, 2.5) in AHP patients who had been hospitalised for an acute attack and 1.0 

(95% CI 0.6, 1.6) in patients with porphyria symptoms who had never been hospitalised for acute attacks. To 

reflect the lower point estimate for patients without symptoms compared with those hospitalised for acute 

attacks, a scenario analysis was performed in which the overall AHP mortality HR of 1.3 was applied only to 

patients in the Symptomatic, Recurrent, and Severe health states, while patients in the Asymptomatic health 

state were assumed to have a mortality HR of 1.0 (i.e., no increased mortality relative to the general 

population). 

4. Alternative assumption for prevalence of chronic conditions 

In the absence of robust natural history data on the prevalence of chronic conditions in the Severe health 

state, the base-case analysis takes the conservative assumption that the prevalence of these conditions is the 

same as in the Recurrent health state. A scenario analysis was performed in which the prevalence of each 

chronic symptom, comorbidity and late complication was set at 20% higher than the prevalence in the 

Recurrent health state. 

5. Inclusion of vial sharing scenario 

In this scenario, vial sharing is assumed to estimate the pharmacological cost of givosiran per cycle. This 

implies that a cost per mg was estimated (DKK 1,991) and was multiplied by the average mg per 

administration, 163.2mg, based on 2.5mg/kg and the average weight in ENVISION EU (65.3). The resulting 
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Appendix A – Literature search for efficacy and safety of intervention and 
comparator(s) 

Search strategy  

Not applicable; see section 7. Based on the new DMC method guideline, the DMC can accept that systematic 

literature review is not carried out if one or several studies have already directly compared the new 

pharmaceutical with the relevant comparator. Alnylam has discussed this with the DMC prior to the 

submission, and the DMC acknowledged that it would not be necessary to conduct and present a systematic 

literature review for the present application.  

Systematic selection of studies  

Not applicable, see above 

Quality assessment 

Not applicable, see above 

Unpublished data  

The data-on file used for this submission were full study reports from ENVSION and ENVISION-OLE and were 

developed to support regulatory submissions to EMA/FDA. The data and analyses therefore adhere to the 

most stringent quality criteria. 

24-month data from ENVISION-OLE are expected to be presented at United European Gastroenterology 

congress (UEG) 2021 and American College of Gastroenterology (ACG) 2021 in October, but is unavailable as of 

now. Data presented in this dossier from the AHP-population is not planned to be published, as the primary 

publication and regulatory submissions relied mainly on data from the 6 month DB phase from the primary 

efficacy population, which was the AIP population.  
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* Plus–minus values are means ±SD. Percentages may not total 100 because of rounding. IQR denotes interquartile range, and NA not 
applicable. 
† The body-mass index is the weight in kilograms divided by the square of the height in meters. 
‡ Race was reported by the investigator after discussion with the patient. 
§ Porphyria subtypes other than acute intermittent porphyria include hereditary coproporphyria, variegate porphyria, delta-aminolevulinic 
acid (ALA) dehydratase–deficiency porphyria with an identified mutation, and acute hepatic porphyria without an identified mutation. No 
patients with ALA dehydratase–deficiency porphyria were enrolled in this trial. 
¶ The two patients with acute hepatic porphyria without an identified mutation were considered by the trial investigator to have acute 
intermittent porphyria on the basis of biochemical analysis. 
‖ The historical annualized attack rate was calculated as the number of attacks resulting in a composite of hospitalisation, a visit to a 
health care facility, or haemin use at home during the 6 months before randomization. For patients who were receiving haemin prophylaxis 
before the initiation of the trial, the attack rate was considered to be high if the historical annualized attack rate was 7 or more and low if 
the attack rate was less than 7 (attack rate of ≥12 and <12, respectively, for patients who were not receiving previous haemin prophylaxis). 
One patient in the placebo group did not meet the inclusion criterion of a history of at least 2 composite porphyria attacks, since the 
patient had 2 attacks that were treated at home without intravenous haemin, which was identified as a protocol deviation. 
** Symptoms were considered to be chronic if patients had symptoms of porphyria daily or on most days when they were not having an 
attack, as reported by the investigator. Information was reported on a screening questionnaire administered by trial staff members. 
†† Opioid use was defined as long-term if patients reported taking an opioid for porphyria daily or most days when they were not having an 
attack, as reported on the screening questionnaire 

Previous haemin prophylaxis — no. (%)       

Yes 18 (39) 20 

(42) 

38 (40) 17 (40) 20 

(43) 

37 

(42) 

No 28 (61) 28 

(58) 

56 (60) 26 (60) 26 

(57) 

52 

(58) 

Historical annualized attack rate‖ 

      

High — no. (%) 21 (46) 24 

(50) 

45 (48) 20 (47) 23 

(50) 

43 

(48) 

Low — no. (%) 25 (54) 24 

(50) 

49 (52) 23 (53) 23 

(50) 

46 

(52) 

Median rate (IQR) 7 (4–14) 8 

(4–

18) 

8 (4–16) 8 (4–

14) 

8 

(4–

18) 

8 

(4–

16) 

Previous chronic symptoms — no. (%)** 

      

Yes 26 (57) 23 

(48) 

49 (52) 24 (56) 22 

(48) 

46 

(52) 

No 20 (43) 25 

(52) 

45 (48) 19 (44) 24 

(52) 

43 

(48) 

Previous long-term opioid use — no. (%)†† 

      

Yes 13 (28) 14 

(29) 

27 (29) 12 (28) 14 

(30) 

26 

(29) 

No 33 (72) 34 

(71) 

67 (71) 31 (72) 32 

(70) 

63 

(71) 
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Comparability of patients across studies  

Not applicable as only one study is included. 

 

Comparability of the study populations with Danish patients eligible for treatment 

ENVISION enrolled patients internationally from diverse geographic regions. The evidence base included: 

• Patients with a range of disease duration 

• The three most common types of AHP (i.e., AIP, HCP, VP) 

• Patients with and without experience with prior therapies (i.e., opiates, haemin) 

• Patients with widely differing attack rates, which was a stratification factor in the randomisation of 

ENVISION patients (with a minimum of 2 attacks in 6 months prior to enrolment)  

• Patients with and without chronic symptoms between attacks 

 

Thus, the ENVISION study captured the heterogeneity of the AHP patient population encountered in clinical 

practice who would be eligible for givosiran, namely adults and young people aged 12 years or older with 

recurrent severe AHP attacks. Given the Danish population consists of a single digit number of patients eligible 

for givosiran treatment, the study population is generalisable for the effect of givosiran in the Danish 

population. Moreover, the Porphyria center in Odense, Denmark, was one of the 36 clinical trial sites in 

ENVISION.  
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experience 

adverse 

reactions 
Placebo 46 12/46 – 26.1 % 

Balwani et al. 2020 

(17) 

NT, not tested. 

 

Appendix F Comparative analysis of efficacy and safety 
Not relevant for the application, as there is only one direct head-to-head study (ENVISION), and results are presented in Appendix E. 
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Appendices K, L ... etc. Company-specific appendices 
None 
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Response document for DMC  
- second round of questions  

 
Concerning request for additional supporting information for the 
assessment of of Givlaari™ (givosiran) for patients with acute 
hepatic porphyria  
 
 

 

NOTE: This document is confidential information not to be published. 
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Response document for DMC 
 
Concerning request for additional supporting information for the 
assessment of of Givlaari™ (givosiran) for patients with acute 
hepatic porphyria  
 
 

 

NOTE: This document is confidential information not to be published. 
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1. DMC Request 

Alnylam Pharmaceuticals on the 7th of September received a request from the DMC for additional information for the 

health economic section to support the application of Givlaari™ (givosiran) for patients with acute hepatic porphyria 

(AHP).  

Alnylam acknowledges the requests made by the DMC, and has provided detailed answers in the section below for all 

points raised by the DMC. 

2. Requests and Responses 

Issues regarding the health economic model: 

Please clarify:  

• You assume that patients will be hospitalized for an average of 7.3 days when experiencing an attack. It 

seems like a long time to be hospitalized. Please describe a typical hospitalization and explain how much of 

the time the patient will be treated with hemin.  

 

Response: The costing of a hospitalization when a patient experience an attack has been based on the DRG tariff, 
“07MA10: Metabolisk leversygdom, Diagnosis: DE802C: Porphyria hepatica”. Using this DRG tariff, we assume that 
patients are maximally hospitalized for 6 days, as the upper limit of days admitted for this DRG code is 6 days. 
Furthermore, during the KOL consultation, the physician confirmed that the average hospitalization would be 5-6 
days. We therefore believe this DRG tariff to be representative of the cost of hospitalization. 

As hemin is administered to the patients during the hospitalization, we apply the cost associated with 4 days of hemin 
treatment to the hospitalization cost, as treatment duration described in the Danish product resume of Normosang 
(1). We take this to be a conservative assumption, since the maximum amount of hemin used during an attack should, 
in principle, be as long as the duration of the attack episode (i.e., as much as 6 days) – but the maximum amount of 
hemin used in the model is limited, per the Danish product resume (i.e., no more than 4 days).   

The mean of 7.3 days from the EXPLORE study was therefore not used to define the duration of hospitalization within 
the health economic model, thus neither used for the cost estimation of the hospitalization of an AHP attack. 
However, as the disutility of an attack was defined using the EXPLORE study, we did apply the mean duration of an 
attack of 7.3 days to which an utility decrement is calculated and applied to patients, who experience an attack.  

During the KOL consultation, the physician noted that an average attack duration of 7.3 days (in line with EXPLORE), 
would not be unusual based on his experience. We also note that there may be a minor discrepancy in the duration of 
the attack disutility (7.3 days) and the duration of the hospitalization stay (5 – 6 days) because there may be minor 
differences in how long it takes the patient to resolve from the symptoms of the attack; this may not necessarily fully 
happen during the duration of the hospital stay.  

During the same KOL consultation, the physician described a typical hospitalization as following: “All patients that 
come to the hospital for an attack need to go through ER first (at least in Odense). Acute attacks are confirmed in ER, 
then a treatment plan is made (including COVID testing). Heme treatment will only be administered when patients are 
hospitalized (not in ER) and carefully monitored. 

ER department high turnover, short stay department. No longer stays so therefore no option to administer heme. 
Patients do not have the option to come back the next day for another heme infusion since the travel distance to the 
hospital is often quite far (+3 hours)”. 
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1. DMC Request 

Alnylam Pharmaceuticals on the 1st of October received a request from the DMC for additional information to support 

the application of Givlaari™ (givosiran) for patients with acute hepatic porphyria (AHP).  

Alnylam acknowledges the requests made by the DMC, and has provided detailed answers in the section below for all 

points raised by the DMC. 

2. Requests and Responses 

During the assessment process regarding givosiran, we have identified a number of issues that we kindly ask you to 

address: 

  

- In table 9 in the application, the median AAR (Q1, Q3) for givosiran in the AHP population is presented as 1.04 

(2.37, 4.74). It seems strange that the median is not within the range. Please verify this. 

Response: Apologies for the mistake, the confidence interval seems to have been duplicated from the mean AAR 

estimate provided above. The correct median AAR estimate for the AHP population is 1.04 (0.00, 6.35).  

 

 

- In table 10, the following note is provided for several of the endpoints: “*Secondary endpoints were analysed 

using a prespecified hierarchical order in the AIP population at 6-month intervention period unless otherwise 

stated. p-values of other outcomes are reported as nominal, as the endpoint did not meet the conditions of 

the prespecified hierarchical order”. Can you please provide a more thorough explanation of the statistical 

method? Also please explain whether the note applies for all the analyses of the specific endpoints (e.g. all 

four types of analyses provided for SF-12). The expert committee wishes to be presented to the CI and 

preferably also p-values for all endpoints. Please provide these estimates or clearly state why such estimates 

cannot be presented. 

Response:  

For the final analyses of the primary 6-month DB period presented in this report, a 2-sided significance level of 0.049 

was used to test the efficacy endpoints, reflecting a penalty of 0.001 for the unblinded interim analysis. A fixed-

sequence testing strategy for the primary and secondary endpoints was implemented to control the overall type I 

error rate. The primary endpoint was compared between treatment arms at the 2-sided significance level of 0.049. If 

the test for the primary endpoint was statistically significant, then the secondary endpoints were each to be tested at 

the same 2-sided significance level of 0.049 in the following hierarchical order:  

• 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 healthcare 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 
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If the test of an endpoint was not statistically significant at the 2-sided 0.049 significance level, the subsequent 

endpoints were not tested but nominal p values were described. 

According to the test hierarchy above, the p-value for endpoints of daily worst score for fatigue and beyond are 

considered nominal in interpretation.  

 

It should be recognized, that Alnylam has provided results for all efficacy outcomes for both the AHP and AIP subgroup 

whenever possible, and that there are only few outcomes were data is not available. In the few cases were statistical 

testing is not carried out (no p-values or CI) this is mainly for the AHP group, because the primary efficacy analysis was 

carried out on the AIP group. Given that 95% of patients in ENVISION had AIP, the key results in AHP and AIP cohorts 

were virtually identical, as would be expected. Therefore, there would be no value in performing new analyses on 

every endpoint solely for the purposes of creating a comprehensive set of matching results for both of these cohorts. 

As also seen for all primary and secondary outcomes, where results is available for both populations, the comparative 

efficacy estimates are virtually identical, and consequently there is no reason to believe this would be the case for the 

few outcomes where data is not available for the AHP group. 

As for the exploratory endpoints it is common practice to not carry out any statistical testing for such outcomes, 

especially since strong inferences should not be made for results after the conditions for the testing hierarchy have 

not been met.  

 

- In table 10, the following note is provided: “‡Because of a significant deviation from normal distribution, the 

planned methods of a mixed model for repeated measures or analysis of covariance were not valid. A 

nonparametric stratified Wilcoxon signed-rank test was therefore conducted. The median of the between-

group difference was estimated with the use of the Hodges–Lehmann method”. Kindly provide a more 

thorough explanation of the applied analyses, e.g. what was stratified for. Please also provide relevant plots 

as a means to visualize the deviation from normal distribution. 

Response:  

For ALA, a non-parametric Wilcoxon rank sum test was conducted because of a significant deviation from a normal 

distribution of data (p<0.0001, Figure 14.4.2.3.1).   

For PBG, a non-parametric Wilcoxon rank sum test was conducted because of the significant deviation from a normal 

distribution of data (p<0.0001).   

For daily worst pain, a non-parametric stratified Wilcoxon test (with stratification factors prior hemin prophylaxis 

status and historical attack rate) was conducted because of the significant deviation from a normal distribution of data 

(p<0.0001).   

 

Note that for ALA and PBG, a non-parametric Wilcoxon was prespecified as the primary method when normal 

assumption is violated. However, for pain scores, it was not anticipated that the data would violate normal 

assumptions therefore the method was not prespecified in the SAP. 
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Figure 1 Quantile-quantile (Q-Q) Plot for Checking Normality Assumption of Change from Baseline in Weekly Mean Score of Daily 

Worst Pain Score during the 6-Month Double-Blind Period (AIP-population) 

 
 

 

- In figure 10, only data from 9 patients in each treatment arm is provided at 24 months of follow-up. Was 

there a large dropout of patients at this time, or could patients change to compassionate treatment? Or is 

data not yet available for all patients? Please provide data for all patients with as long a follow-up period as 

possible.  
Response: Only 9 patients are shown at 24-month follow-up since, at the time of data-cut, these were the only 
patients who had reached the follow-up time of 24 months and thus were included in the analysis and represented in 
the figure. As clearly shown in Figure 2 for the 36-month ENVISION OLE-data, there was very low discontinuation/lost 
to follow-up rates throughout the DB and OLE period.  
 
Alnylam wishes to provide the DMC with the most up-to-date evidence available from the ENVISION trial. Database 
lock for final, 36-month ENVISION OLE data occurred on 30 July 2021. However, due to ongoing data processing, 
individual patient data (IPD) for these late-breaking data are not yet available for incorporation in the CEM or to share 
with the DMC in full. Full finalization and quality control of all outputs are still underway.  
 
Nevertheless, preliminary graphs and tables summarising the 36-month data most relevant to the DMC application 
have been prepared and are being shared here in the interest of transparency and to support the DMC review and 
document sustained and continued givosiran efficacy through 3 years. 
 
As presented in our initial submission, the ENVISION primary composite endpoint of annualised attack rate (AAR) 
continued to decline out to final 36-month follow-up (Figure 2 and Table 2) (data-on file). These results thus confirm 
the sustained and continuing improvement in acute attack status in patients receiving givosiran across 3 years of 
follow-up. It is apparent from these data that AAR is trending towards complete cessation of attacks in patients on 
givosiran. In other words, there is no evidence of waning efficacy – instead, all available evidence suggests that 
efficacy is increasing over the period of observation.  
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Rate ratio and corresponding CIs are derived using negative binomial regression model with treatment group, stratification factors (prior 
hemin prophylaxis 
status and historical attack rates), the logarithm of the follow-up time as an offset variable. 
A rate ratio < 1 represents a favorable outcome for Givosiran 2.5 mg/kg. 

 

- The expert committee wishes to see data regarding quality of life at a longer follow-up than 6 months, and 

preferably also data from the transition period, when patients change from treatment with placebo to 

givosiran. Please provide such data, if available.  

  

Response:  

PCS SF-12 data is provided below until 18 months of follow-up for the AHP-population. At present no further 

longitudinal follow-up data is available from the OLE period as the this data is still ongoing data processing for the 36-

month data-cut as mentioned above. For patients in the givosiran/givosiran group, continued treatment with givosiran 

led to sustained improvement in the mean SF-12 PCS score through 18 months of treatment. During the DB period, 

treatment with givosiran resulted in an improvement in the PCS with a mean change from baseline (Day 1) of 5.1 after 

6 months of treatment (Figure 4). Continued treatment in the OLE period led to additional improvement with mean 

changes from baseline of 7.0 at 18 months of treatment. 

As shown in Figure 4 the placebo/givosiran group during the 6-month DB period showed less improvements in the PCS 

score with a mean change from baseline of 1.7. After the placebo group started givosiran treatment in the OLE period, 

the PCS SF-12 score continued to improve over time through Month 18 after crossing over to givosiran (mean change 

from baseline 9.9. The mean changes from baseline differ slightly from LS mean changes presented in the dossier for 

the AHP-population, due to differences in statistical methods used in the calculation.  

In conclusion; improvements in QOL scores were observed at Month 6 and Month 18 in patients continuing givosiran 

treatment, while placebo crossover patients had similar improvements at Month 18 to those seen in givosiran patients 

in the DB period. 

Figure 4: SF-12 Physical Component Summary – 6 month DB and 18 month OLE 

 
Note: Estimates for the clinically meaningful difference are ≥2 points for SF-12 PCS 
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In addition to the fundamental problem that EQ-5D scores did not correlate with AAR during ENVISION, there are 

numerous logistical obstacles to using data from this trial to set health-state utilities, including the following critical 

issues: 

1. The EQ-5D assesses instantaneous health status on the day of questionnaire administration(2, 3)—i.e., it has 

no recall period of the past week, month, etc.—whereas health state based on AAR has to be calculated over 

some longer time period, which creates a mismatch whenever health state is not stable. 

2. Health states in ENVISION are not stable for most patients, and indeed this fact underlies the transition 

probabilities in the CEM. Therefore, EQ-5D measurements averaged from different time points do not 

correspond cleanly to a given health state and are confounded by treatment. 

3. Results in the double-blind period are confounded by treatment, considering that at 6 months 100% of Severe 

patients were in the placebo arm whereas 80% of Asymptomatic patients were in the givosiran arm. 

4. Per the ENVISION eligibility criteria, no patients were in the Asymptomatic state at baseline, so it is impossible 

to use baseline EQ-5D measurements to populate all four model health states. 

5. Considering attacks during the ENVISION OLE, no patients were in the Severe health state by Month 12 or 

Month 18 (i.e., when AAR was calculated between Month 6 and Month 12 or between Month 12 and Month 

18), so it is impossible to use EQ-5D measurements from the OLE to populate all four CEM health states. 

6. The relatively low prevalence of chronic conditions among patients in ENVISION, as noted in question A4 above, 

likely reflects the short disease duration relative to the timeframe over which these conditions accumulate, as 

seen in the long-term study by Neeleman et al. (2018).(4) Thus, ENVISION does not allow us to appropriately 

simulate the HRQoL burden of chronic conditions over the model time horizon. 

As shown in Table 3, if we categorize all EQ-5D measurements by AAR at either baseline or 6 months, the resulting 

utilities lack face validity, since at Month 6 the overall mean EQ-5D index value for patients in the Severe health state 

is higher than for Recurrent, Symptomatic, and even Asymptomatic patients. These results cannot be used to perform 

a scenario analysis because they imply that a patient with more than 24 acute porphyria attacks per year has better 

HRQoL than one with >4 to ≤24 attacks, >0 to ≤4 attacks, or even no attacks, which is not only illogical given the high 

burden of an acute attack but also runs directly contrary to the opinion of clinician experts, who confirmed that their 

AHP patients with higher AAR have lower HRQoL.(5) 
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the prevalence of AHP chronic symptoms, comorbidities, and late complications reported by Neeleman et al. is 

appropriate because this long-term study, which reports data on the occurrence of chronic symptoms/comorbidities 

and long-term complications of AHP over a 50-year period from 1960 to 2016, is more representative of the relevant 

timescale of HRQoL impact in this incurable, chronic disease than the 6-month ENVISION study. 
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1. DMC Request 

Alnylam Pharmaceuticals on the 5th of November received a request from the DMC for additional information to 

support the application of Givlaari™ (givosiran) for patients with acute hepatic porphyria (AHP).  

Alnylam acknowledges the requests made by the DMC and has provided detailed answers in the section below for all 

points raised by the DMC. 

2. Requests and Responses 

In the meantime, we [DMC] have identified a few smaller issues which we would like you to address: 

 

• Is there a maximum dose of givosiran?  

Response: Dosing of givosiran is described in the SmPC as follows: “The recommended dose of Givlaari is 2.5 mg/kg 

once monthly, administered via subcutaneous injection. Dosing is based on actual body weight.”(1). Alnylam does not 

have a stated maximum total dose (i.e., total mg per dosing) for Givlaari that can be shared. 

 

• In the response letter dated October 15, the following is stated: “For patients with continued givosiran 
treatment from the DB period, the response rate showed further improvement during the OLE period, from 

. For patients switched from placebo to givosiran during the OLE period, the response rate 
showed improvement, from .” Please specify the follow-up time for these estimates. 

Response:  We apologize for not specifying this clearly in our original response.  

 

Data for daily worse pain scores were captured for the first year only in ENVISION and the OLE. Therefore, the DB 

period refers to weeks 1-24 (6 month DB period) and the OLE period refers to weeks 25-48 (month 6-12 in the OLE). 

 

• On page 42-43 and figure 13 in the application, PGIC data is presented for AHP patients. In table 10, PGIC 
data is, however, presented for patients with AIP. Please clarify this. 

Response: Thank you for noticing this typo - we apologize for this error. The results in table 10 are PGIC data for AHP, 

and not AIP. This has been amended in the update submission dossier to reflect that the data is for patients with AHP. 

(Changes have been made in Table 10 on page 37) 

 

 

3. References 
1.  European Medicines Agency (EMA). Summary of Product Characteristics for GIVLAARI (givosiran). 2020.  
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DMC Request 

Alnylam Pharmaceuticals on the 18th of January received a request from the DMC to provide an updated application 

containing the most recent data from the ENVISON OLE to support the application of Givlaari™ (givosiran) for patients 

with acute hepatic porphyria (AHP). After a subsequent meeting on 31st January  Alnylam and the DMC agreed that 

Alnylam would provide: 

1. An updated cost-effectiveness model (CEM) incorporating Month-36 data from the ENVISION open-label 

extension (OLE) 

2. An abbreviated document providing a summary of Month-36 data from the ENVISION OLE, a summary of changes 

to the model made to incorporate these data, and updated CEM results 

o Alnylam was to provide a ’skeleton structure’ of this document so there is an opportunity for further 

discussion / refinement with the DMC ahead of preparation 

o Specifically, the DMC highlighted that it would be useful if Month-36 data were provided for all 

endpoints previously discussed (i.e. either mentioned in the original application or discussed in a 

response letter). Where Month-36 data were not available, Alnylam would provide data for the last 

follow-up period for that specific endpoint and state when it was 

3. Provisional agreement to provide the full Month-36 CSR (dependent on availability and ability to share) 

 

These details were confirmed via email communication on 7-8th February. Alnylam on 18th February provided an 

outline (i.e. the ‘skeleton structure’ noted above) intended to detail the planned contents of the abbreviated 

document mentioned in point 2 above. The DMC provided feedback on this outline on 28th February. The numbering 

of Parts B, C, and D in the abbreviated document will refer back to Alnylam’s original submission to allow the DMC to 

easily track changes made to the submission. Part A provides additional efficacy and safety data to section 8.1.2.1 

(efficacy) and 8.1.2.2 (safety) of the original submission.  
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DMC Request 

Alnylam Pharmaceuticals on the 18th of January received a request from the DMC to provide an updated application 

containing the most recent data from the ENVISON OLE to support the application of Givlaari™ (givosiran) for patients 

with acute hepatic porphyria (AHP). After a subsequent meeting on 31st January Alnylam and the DMC agreed that 

Alnylam would provide: 

1. An updated cost-effectiveness model (CEM) incorporating 36-month data from the ENVISION open-label 

extension (OLE) 

2. An abbreviated document providing a summary of 36-month data from the ENVISION OLE, a summary of changes 

to the model made to incorporate these data, and updated CEM results 

3. Provisional agreement to provide the full 36-month CSR (dependent on availability and ability to share). 

 

Alnylam provided the response to the DMC request on 25th March.  

DMC Follow-up Questions 

Following the submission of the updated application, Alnylam received a list of follow-up questions from the DMC on 

5 April. This document provides Alnylam's response to the DMC’s follow-up questions. 
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not all patients had reached 18 months of follow up at the time of the data-cut used for the submission. In the 

subsequent 36-month update, all data were mature for the Month 12 to Month 18 period and the additional follow-

up time included for some patients generates differences in the calculation of AARs. The transition probabilities used 

in the economic model, presented in Table 30 of the 36-month update, are estimated from AARs in the ENVISION trial 

and were updated in line with the maturing of data between the original 18-month submission and subsequent 36-

month update. 

16. The distribution of patients between health-states at Month 18 differs from earlier versions of the 
application. Please explain the reason for this. 

The distribution of patients between health states at Month 18 in the economic model does not match between the 

original 18-month submission and the 36-month update. As explained above in Question 15, the data within the 18-

month submission were not fully mature for the Month 12 to Month 18 period. In the 36-month update, the data for 

this period were mature. The distribution of patients between health states at Month 18 in the economic model is 

determined by the transition probabilities in prior periods. In the 36-month update, the transition probabilities in the 

model were revised in line with the maturing data and changes in AAR for the period from Month 12 to Month 18 in 

the ENVISION trial. 
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