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Alnylam is turning RNA interference (RNAi), a Nobel-Prize winning discovery, into a 
new class of medicines

1990 1998 2002 2006 2018 2019

Givosiran receives market

authorization by the Food and 

Drug Administration4 and later by 

EMA5

First scientific publication 

about the RNAi 

phenomenon, where 

Napoli and Jorgensen 

described that purple 

petunias became white
instead of dark purple1

Fire and Mello published an 

article about a potent gene 

sliencing effect in 

nematodes and created the 

term of RNAi2

Foundation of Alnylam with 

focus on development of 

RNAi therapeutics

Fire and Mello receive the 

Nobel Prize for Physiology or 

Medicine in 2006

APOLLO, the Phase III study with

first RNAi therapeutic met all

primary and secondary endpoints³

2020

Positive top line results from the 

Phase 3 trial 
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Acute hepatic porphyria
The givosiran story

David Cassiman, Metabolic Center UZ Leuven

The opinions expressed in this presentation and on the 
following slides are solely those of the presenter 
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• Ramanujam VM-S, Anderson KE. Curr Protoc Hum Genet. 2015;86:1-26. 

Acute Versus Erythropoietic

• Clinic: acute neuropathic AND/OR 
skin/phototoxicity

Hepatic Versus Erythropoietic

• Heme precursors accumulate in liver OR 
bone marrow

Porphyria

= Heme synthesis pathway defects (mostly inborn)



Severe, burning pain in 

abdomen, chest, back

Weakness, numbness, 

respiratory failure

Confusion, anxiety, 

seizures, hallucinations
Lesions on sun-exposed 

skin; chronic/blistering†

• † Only occurs in Variegate porphyria  and Hereditary coproporphyria

• 1. Anderson KE et al. Ann Intern Med. 2005;142:439-450; 2. Ventura P et al. Eur J Intern Med. 2014;25:497-505; 3. Bonkovsky HL et al. AASLD 2018. Poster; 4. Besur S et al. Metabolites.2014;4:977-1006; 5. Pischik E, Kauppinen R. Appl Clin Genet. 
2015;8:201-214; 6. Szlendak U et al. Adv Clin Exp Med. 2016;25:361-368; 7. Bissell DM et al. N Engl J Med. 2017;377:862-872.

Increased ALAS1 
transcription in liver 
caused by:
• Certain drugs and alcohol 

use
• Fasting/low caloric diet

Increased heme 
consumption caused 
by:
• Drugs metabolized via 

CYP450
• Infections
• Stress

Hormonal fluctuations 
during menstrual 
cycle and pregnancy

Toxic accumulation

Heme Biosynthesis Pathway

GLYCINE+SUCCINYL-CoA

δ-AMINOLEVULINIC ACID (ALA)

PORPHOBILINOGEN (PBG)

HYDROXYMETHYLBILANE

UROPORPHYRINOGEN III 

COPROPORPHYRINOGEN III

HEME

PROTOPORPHYRINOGEN IX

PROTOPORPHYRIN IX

Pathophysiology

Acute Hepatic Porphyria (AHP)

Enzyme deficiency
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Most common Porphyria types



Acute Hepatic Porphyria



givosiran is not yet EMA approved 10

Attack triggers



• * Only referring to mutation of hydroxymethylbilane synthase (HMBS) gene

• 1. Elder et al., 2013; 2. Ramanujam et al. Curr Protoc Hum Genet 2016 3. Nordmann et al., 1997, 4. Chen et al., 2016

AHP Type Gender
Age of 

Onset

Typical Presenting 

Symptoms
Estimated 

% of AHP
Acute 

attacks
Cutaneous

Acute intermittent 

porphyria 

(AIP)

Symptomatic patients 

are predominantly 

female

18-45 years

✔
Most Prevalent AHP 

Type (~80%)

Variegate porphyria (VP) ✔ ✔ Less Prevalent

Hereditary coproporphyria

(HCP)
✔ ✔ Less Prevalent

ALA-dehydratase deficiency 

porphyria (ADP)

All recorded 

symptomatic patients 

have been male

Variable ✔

Least Prevalent 

<10 cases ever 

reported worldwide

Acute Hepatic Porphyria Types

M
o

re p
revalen

t

Mutation* 
Prevalence3-4

~1 in 1600–1700

Disease penetration3-4

~1%
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Don’t miss this patient

• Female

• Recent new med/hormone therapy, alcohol

• Excessive abd. pain without inflammation, lactate or 
tenderness

• HypoNa+

• Paresis, (poly)neuropathy

• Vomiting/nausea, tachycardia, hypertension

• Psychological CHANGES

• Red/bordeaux urine

14



• 1. Peoc’h et al. Mol Genet Metab. 2018;S1096-7192(18):30482-30487. 2. Baravelli CM et al. J Intern Med. 2017;282:229-240. 3. Pallet N et al. Clin Kidney J. 2018;11:191-197. 4. Pallet N et al. Kidney Int. 2015;88:386-395. 5. Alnylam. Data on file (EXPLORE dataset). 6. Stewart MF. J Clin Pathol. 2012;65:976-
980. 7. Wang B. Hepatology Communications. 2019;3(2):193-206. 8. Wikberg et al. Lakartidningen. 2001 Sep 19;98(38):4038-41

Liver and Kidney Disease in AHP  

Long-term Complications of AHP

• hepatocellular carcinoma1

– annual incidence 0.35% or 

108-fold higher than 

reference population2

• chronic kidney disease

– 30%–60% of patients with 
symptomatic AHP4,5

• chronic sustained 

hypertension3,6

• Axonal motor 

polyneuropathy → pain7

• Permanent quadriplegia 8



• †Porphyrins should not be tested alone without ALA or PBG.

• 1. Bonkovsky HL, et al. Am J Med. 2014;127:1233-41. 2. Anderson KE et al. Ann Intern Med 2005;142:439–450. 3. Whatley SD, Badminton MN. Acute Intermittent Porphyria. In: GeneReviews. Seattle, WA: University of Washington, Seattle; 
Updated 2013.

Diagnosing AHP
• Accuracy and speed are vital 

• Delaying treatment can lead to neurologic damage and possibly death2

Additional Testing1-3

• Plasma or fecal porphyrins

• Genetic testing!!

1st Line Biochemical Testing1-3

• Random (spot) urine test for ALA and PBG†

• Ideal time: during or days after a suspected 

attack



Biochemical tests
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www.porphyria.eu

EPNET

Belgium:

- UZ Leuven: Pieter Vermeersch, 
Wouter Meersseman, David 
Cassiman

- Erasme Bruxelles: Frédéric Cotton, 
Axelle Gilles

http://www.drugs-porphyria.org/

http://www.drugs-porphyria.org/


• 1. Wang. Acute Hepatic Porphyrias: Review and Recent Progress. Hepatol Commun. 2018 Dec 20;3(2):193-206. 

Current Treatment Approaches for AHP 

Hemin1

is approved for the treatment of acute 
attacks and used prophylactically off-label

Glucose and carbohydrate loading1

May downregulate the heme
biosynthesis pathway and shorten the 

length of an attack

Hormone therapy1

GnRH agonists may be used chronically for 
females experiencing an acute attack 

related to their menstrual cycles

Pain medications1

Patients with AHP are commonly 
prescribed opioid pain medications

Treatment of AHP symptoms1

Patients with AHP often receive medications 
for symptoms including but not limited to, nausea, 

hypertensive crises, neuropathy, seizures, metabolic 
changes, anxiety and depression

Liver Transplantation1

Liver transplantation is rarely used but 
due to associated complications is only 
suitable for severely affected patients

Eimination of disease triggers! Alcohol, meds, smoking, fasting, infections



• AHP, Acute Hepatic Porphyria; ALA, Aminolevulinic acid; ALAS1, ALA synthase 1; PBG, Porphobilinogen.

• Balwani et al. – “ENVISION, a Phase 3 Study to Evaluate the Efficacy and Safety of Givosiran, an Investigational RNAi Therapeutic Targeting Aminolevulinic Acid Synthase 1, in Acute Hepatic Porphyria Patients” - EASL 2019

ALAS1
protein

Givosiran

Givosiran results in reduction of ALAS1 and 
lowers ALA/PBG production to prevent 
attacks and disease symptoms

ALA induces porphyria symptoms
ALAS1
protein

Reduction of Liver ALAS1 Protein to Lower ALA and PBG

Givosiran: ALAS1 RNAi





•

• August 29, 2020 || The Digital International Liver Congress

• Sardh E1, Balwani M2, Rees DC3, Stein P3, Stölzel U4, Aguilera Peiro P5, Bissell DM6, Bonkovsky HL7, Keel S8, Parker C9, 
Phillips JD9, Silver S10, Windyga J11, D’Avola D12, Ross G13, Stewart P14, Ritchie B15, Oh J16, Harper P1, Wang JD17, 
Langendonk JG18, Ivanova A19, Horie, Y20, Anderson KE21, Ventura P22, Cappellini MD23, Vassiliou D1, Monroy S24, 
Petrides PE25, Adachi T26, Kuter D27, Scalera S28, Sweetser MT28, Hua Z28, Penz C28, Liu S28, Ko JJ28, Simon A28, Gouya L29 

on behalf of the ENVISION investigators

• 1Porphyria Centre Sweden, Centre for Inherited Metabolic Diseases, Karolinska Institutet, Karolinska University Hospital, Stockholm, Sweden; 2Icahn School of Medicine at Mt. Sinai, New York, New York, USA; 3King’s College 
Hospital, United Kingdom; 4Klinikum Chemnitz, Chemnitz, Germany; 5Hospital Clinic Barcelona, Barcelona, Spain; 6University of California, San Francisco, California, USA; 7Wake Forest University NC Baptist Medical Center, Winston-
Salem, North Carolina, USA; 8University of Washington, Seattle, Washington, USA; 9University of Utah, Salt Lake City, Utah, USA; 10University of Michigan, Ann Arbor, Michigan, USA; 11Instytut Hematologii i Transfuzjologii, Warsaw, 
Poland; 12Clinica Universidad de Navarra, Madrid, Spain; 13Melbourne Health - Royal Melbourne Hospital, Melbourne, Australia; 14Royal Prince Alfred Hospital, Sydney, Australia; 15University of Alberta Hospital, Edmonton, Canada; 
16Konkuk University Hospital, Konkuk University Medical Center, Seoul, South Korea; 17Center for Rare Disease and Hemophilia, Taichung Veterans General Hospital, Taichung, Taiwan; 18Erasmus MC, University Medical Center 
Rotterdam, Rotterdam, The Netherlands; 19St. Ivan Rilski University Hospital, Sofia, Bulgaria; 20Tottori University School of Medicine, Tottori, Japan; 21University of Texas Medical Branch, Galveston, Texas, USA; 22Università degli
Studi di Modena e Reggio Emilia, Modena, Italy; 23University of Milan, Milan, Italy; 24Instituto Nacional de Pediatría de Mexico, Mexico City, Mexico; 25Hematology Oncology Center and LM University Munich, Munich, Germany; 
26Tokyo Saiseikai Central Hospital, Tokyo, Japan; 27Massachusetts General Hospital, Boston, Massachusetts, USA; 28Alnylam Pharmaceuticals, Cambridge, Massachusetts, USA; 29Centre Français des Porphyries, Paris, France

Twelve-month Interim Analysis of Efficacy and Safety of Givosiran, 
an Investigational RNAi Therapeutic for AHP, in the ENVISION Open 

Label Extension



• aEndpoints evaluated in genetically-confirmed AIP patients, unless otherwise noted, at 6 months

• bAll endpoints listed above were considered exploratory in OLE period

• cAmendment 5 increased the dose of all patients to 2.5 mg/kg monthly

• ALA, delta-aminolevulinic acid; AAR, annualized rate of composite porphyria attacks, DB, double-blind; PBG; porphobilinogen; PCS, Physical Component Summary; PPEQ, Porphyria Patient Experience Questionnaire qM, every month; SC, 
subcutaneous; SF-12, Short Form (12-item) Health Survey, OLE, Open Label Extension

• Balwani et al. International Liver Congress 2019. Oral

• 94 patients with AHP enrolled in ENVISION at 36 sites in 18 countries

• All patients completed 6-month double-blind (DB) period; all eligible patients (n=93) entered 30-month open 
label extension (OLE) period

ENVISION Phase 3 Study Design
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• Age ≥12 years

• Diagnosis of AHP

• ≥2 attacks within prior 6 

months

• Willing to discontinue and/or 

not initiate hemin prophylaxis

Primary Endpoint 
• Composite annualized attacks (AAR) 

requiring hospitalization, urgent 
healthcare visit, or hemin administration 
at home in AIP patients

Secondary Endpointsa

• ALA and PBG

• Hemin use

• AAR in AHP over 6 months

• Pain

• Fatigue

• Nausea

• PCS of SF-12

Selected Exploratory Endpoints
• PPEQ
• Analgesic use

6-Month DB Period 30-Month OLE Periodb
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• aDescriptive analysis

• bPlacebo cross over patients receiving 2.5mg/kg (n=29) 

• cPlacebo cross over patient receiving 1.25mg/kg (n=17)

• OLE, open label extension; AAR, annualized rate of composite porphyria attacks 

• Balwani et al. International Liver Congress 2019. Oral

• Continued givosiran treatment led to sustained AAR reduction during the OLE
• Placebo crossover patients had similar AAR reduction in OLE period as givosiran patients in DB perioda

– Trend towards increased efficacy in placebo crossover patients for 2.5 mg/kgb dose compared to 1.25 mg/kgc dose 
(Intra-patient AAR reduction of 79% vs 67%, respectively)

Sustained AAR Reduction with Long-Term Dosing 
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• aMonth = 28 days 

• bOLE Data for 1.25mg/kg and 2.5mg/kg are pooled  

• DB, double-blind; OLE, open label extension

• Balwani et al. International Liver Congress 2019. Oral

• Patients who continued givosiran treatment had sustained or enhanced reduction in attacks over time
• Placebo crossover patients had similar attack reduction during OLE period as givosiran patients in DB 

period

Givosiran Treatment Led to Sustained and Rapid Reduction of Attacks Over Time 

Average Number of Attacks Over Time
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• DB, double-blind; OLE, open label extension

• Attacks are composite 

• Proportion of patients with zero attacks (61.7%) increased with continued givosiran treatment

• Proportion of placebo crossover patients with zero attacks (42.2%) increased with givosiran treatment in 
OLE period

Increased Number of Patients With Zero Attacks with Long-Term Dosing 
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Placebo Crossover Patients

Givosiran Patients
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• aOLE Data for 1.25mg/kg and 2.5mg/kg are pooled  

• ALA, delta-aminolevulinic acid; DB, double-blind period; Cr, creatinine; No., number; OLE, open label extension; PBG; porphobilinogen; PBO, Placebo

• 1. Balwani et al. International Liver Congress 2019. Oral

• Continued givosiran treatment led to sustained ALA and PBG reduction during OLE period

• Placebo crossover patients had >75% reduction in median ALA and PBG levels compared to baseline, 
consistent with data in givosiran patients during DB period1

Rapid and Sustained Lowering of ALA and PBG Levels with 
Long-Term Dosing

Urinary PBG Levels Over TimeUrinary ALA Levels Over Time
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• DB, double-blind; OLE, open label extension 

• 1. Balwani et al. International Liver Congress 2019. Oral

• Continued givosiran treatment led to sustained reductions in hemin use in OLE period, with 70% of patients 
requiring zero days of hemin 

• Placebo crossover patients had 100% reduction in median annualized days of hemin use during OLE period, 
consistent with data in givosiran patients during DB period1

• Proportion of patients with 0 days of hemin use increased in OLE compared with DB period

Sustained Reductions in Hemin Use with Long-Term Dosing 
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• aFor calculating exposure: 1 Month=30.44 days 

• AE, adverse event; ALT, alanine aminotransaminase; CKD, chronic kidney disease; ISR, injection site reaction; LFT, liver function test; SAE, serious adverse event

Safety Profile of Givosiran Remained Acceptable with No New Safety Concerns

Safety in AHP Patients with Ongoing Dosing

Patients with at least 1 
event, n (%)

Placebo 
Crossover 
Patients
(N=46)

Givosiran 
Patients
(N=48)

All 
Patients
(N=94)

AEs 42 (91) 46 (96) 88 (94)

SAEs 6 (13) 14 (29) 20 (21)

Severe AEs 9 (20) 11 (23) 20 (21)

AE leading to treatment 
discontinuation

0 1 (2) 1 (1)

AE leading to study 
withdrawal

0 1 (2) 1 (1)

Deaths 0 0 0

Safety data from first dose of givosiran to data cut-off date (23 July 2019)

• Overall exposure: 11.22 months (median; range 1.8 to 19.5 months); cumulative exposure of 84.5 person-yearsa

• 87 patients treated for ≥6 months, 36 patients treated for ≥12 months and 3 patients ≥18 months

Majority of AEs were mild or moderate in severity

• Most common related AEs (≥ 10%) were ISRs, nausea 
and fatigue

• ISRs in 33% of patients; 7.4% of injections
• Erythema, pruritus, rash, pain, and swelling most 

common

• SAEs in ≥ 2% were CKD and urinary tract infection (2 
patients each)

• SAEs of CKD reported during the DB period

• 1 patient with SAE of LFT abnormal discontinued 
treatment during the DB period per protocol-specified 
rules

• No other treatment discontinuations due to AEs; no 
deaths

• Safety profile was acceptable at both 2.5 mg/kg and 1.25 
mg/kg doses



• aHepatic AEs included any AEs within the Drug-related hepatic disorders Standardized MedDRA query 

• AE, adverse events; ALT, alanine aminotransaminase; BL, baseline; M, median; ULN, upper limit of normal; W, week

• Hepatic AEs were reported in 16 patients (17%)a, all were mild or moderate in severity
– Majority were elevations of serum aminotransferases 

• ALT >3×ULN in 10 patients (10.6%), of whom 3 (3.2%) had ALT >5×ULN 
– 1 patient with ALT >8×ULN, discontinued treatment due to protocol-defined stopping rule in DB period

– 2 patients with ALT of >5×ULN:
◦ 1 patient on 2.5 mg/kg had dose interruption during DB period with resumption at 1.25 mg/kg

◦ 1 patient on 1.25 mg/kg during OLE period had resolution during ongoing dosing 

– 7 patients with ALT >3×ULN: 6 patients with resolution during ongoing dosing and 1 patient with transient interruption

• ALT elevations generally occurred ~3 to 6 months after givosiran started and resolved

Hepatic Events in AHP Patients
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• aRenal AEs included custom search for any AEs of blood creatinine increased, glomerular filtration rate decreased, chronic kidney disease, nephropathy, renal impairment, renal failure

• eGFR, estimated glomerular filtration rate

• 10 patients (11%) had renal AEsa, characterized by increased serum creatinine and/or decreased eGFR
– Majority of AEs mild or moderate in severity

– None led to discontinuation of study treatment

• Small increases in serum creatinine were observed at Month 6 and 12 
– Median change 0.09 mg/dL at Month 6 and 0.11 mg/dL at Month 12

• Mean eGFR was generally stable over time

• A decrease in eGFR has been observed in some patients with pre-existing renal disease

Renal Events in AHP Patients
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• AHP, acute hepatic porphyria; ALA, delta-aminolevulinic acid; OLE, open label extension; PBG; porphobilinogen; PCS, physical component score; PPEQ, Porphyria Patient Experience Questionnaire; QOL, quality of life; SF-12, Short Form (12-item) 
Health Survey

• Reductions in annualized rate of composite porphyria attacks in patients with AHP were sustained or 
enhanced during the OLE

– 61.7% of patients who continued on givosiran had zero attacks during the OLE period

• Givosiran treatment led to sustained lowering of ALA and PBG levels through month 12 in the OLE 

• Reductions in the annualized days of hemin use in patients with AHP were sustained during the OLE

– 70% of patients who continued on givosiran reported no hemin use during the OLE period

• Givosiran treatment led to reductions in daily worst pain and analgesic use, and improvements in quality of 
life compared to placebo according to PCS of the SF-12 and PPEQ measurements

• Safety profile of givosiran remained acceptable with no new safety findings identified

ENVISION 12-Month OLE Summary


