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New	treatments	are	aimed	at	finding	alternative	targets	to	restore	clotting	

New treatments target different parts of the clotting cascade to restore 
coagulation 

Tissue factor pathway inhibitor Antithrombin Alternative way of facilitating 
FIXa–FX interaction 

FVIII production 

Emicizumab Gene therapy Fitusiran Concizumab 



The balance of hemostasis



•  SC,	subcutaneous;	siRNA,	small	interfering	RNA		

Novel	modes	of	action	therapy	in	haemophilia:		
Fitusiran	(ALN-AT3)	

•  ClinicalTrials.gov.	Available	at:	https://clinicaltrials.gov/ct2/show/NCT02035605	[Accessed	17	Jan	2017]	
•  ClinicalTrials.gov.	Available	at:	https://clinicaltrials.gov/ct2/show/NCT02554773	[Accessed	17	Jan	2017]	
•  Pasi	J.	Blood	2015;126:551	

Fitusiran	is	a	chemically	synthesised	siRNA	molecule	

Specifically	inhibits	antithrombin,	increasing	thrombin	production	

Administered	SC	once	a	month	

Indicated	for	haemophilia	A,	haemophilia	B	and	other	rare		
bleeding	disorders	

Trials	so	far:	
•  phase	I/II:	Parts	A,	B	and	C	complete;	Part	D	ongoing	
•  fitusiran	showed	encouraging	data	in	non-inhibitor	and	inhibitor	

patients		
•  pivotal	phase	III	studies	in	patients	with	and	without	inhibitors	are	

expected	to	initiate	in	early	2017	
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ALN-AT3 
SC-Administered GalNAc-Conjugated siRNA Targeting Antithrombin 

x “Enhanced  stabilization  chemistry”  (ESC)  utilized  for  potency  and  durability  of  effect 
x Weekly SC dosing results in potent and sustained suppression of antithrombin levels 
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•  RNAi	(RNA	interference)	is	a	natural	
process	of	gene	silencing	that	occurs	in	

organisms	ranging	from	plants	to	
mammals.		

•  A	short	interfering	RNA	(siRNA),	ALN-
AT3,	employing	a	hepatocyte	targeting	
ligand	has	been	developed	against	AT		

•  AT	acts	as	an	important	endogenous	
anticoagulant	by	inactivating	FXa	and	

thrombin		

Novel modes of action therapy in haemophilia:  
Fitusiran (ALN-AT3)
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Fitusiran	reduces	antithrombin	production	
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Fitusiran	reduces	antithrombin	production	

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med   nejm.org 1

The authors’ full names, academic de-
grees, and affiliations are listed in the Ap-
pendix. Address reprint requests to Dr. 
Pasi at the Haemophilia Centre, Royal 
London Hospital, London E1 1BB, Unit-
ed Kingdom, or at  k . j . pasi@  qmul . ac . uk.

This article was published on July 10, 
2017, at NEJM.org.

DOI: 10.1056/NEJMoa1616569
Copyright © 2017 Massachusetts Medical Society.

BACKGROUND
Current hemophilia treatment involves frequent intravenous infusions of clotting 
factors, which is associated with variable hemostatic protection, a high treatment 
burden, and a risk of the development of inhibitory alloantibodies. Fitusiran, an inves-
tigational RNA interference (RNAi) therapy that targets antithrombin (encoded by 
SERPINC1), is in development to address these and other limitations.

METHODS
In this phase 1 dose-escalation study, we enrolled 4 healthy volunteers and 25 par-
ticipants with moderate or severe hemophilia A or B who did not have inhibitory 
alloantibodies. Healthy volunteers received a single subcutaneous injection of fitu-
siran (at a dose of 0.03 mg per kilogram of body weight) or placebo. The partici-
pants with hemophilia received three injections of fitusiran administered either 
once weekly (at a dose of 0.015, 0.045, or 0.075 mg per kilogram) or once month-
ly (at a dose of 0.225, 0.45, 0.9, or 1.8 mg per kilogram or a fixed dose of 80 mg). 
The study objectives were to assess the pharmacokinetic and pharmacodynamic 
characteristics and safety of fitusiran.

RESULTS
No thromboembolic events were observed during the study. The most common 
adverse events were mild injection-site reactions. Plasma levels of fitusiran in-
creased in a dose-dependent manner and showed no accumulation with repeated 
administration. The monthly regimen induced a dose-dependent mean maximum 
antithrombin reduction of 70 to 89% from baseline. A reduction in the antithrom-
bin level of more than 75% from baseline resulted in median peak thrombin values 
at the lower end of the range observed in healthy participants.

CONCLUSIONS
Once-monthly subcutaneous administration of fitusiran resulted in dose-dependent 
lowering of the antithrombin level and increased thrombin generation in partici-
pants with hemophilia A or B who did not have inhibitory alloantibodies. (Funded 
by Alnylam Pharmaceuticals; ClinicalTrials.gov number, NCT02035605.)
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Targeting of Antithrombin in Hemophilia A 
or B with RNAi Therapy

K.J. Pasi, S. Rangarajan, P. Georgiev, T. Mant, M.D. Creagh, T. Lissitchkov, 
D. Bevan, S. Austin, C.R. Hay, I. Hegemann, R. Kazmi, P. Chowdary, 

L. Gercheva-Kyuchukova, V. Mamonov, M. Timofeeva, C.-H. Soh, P. Garg, 
A. Vaishnaw, A. Akinc, B. Sørensen, and M.V. Ragni  
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A second participant, who was receiving 1.8 mg 
of fitusiran per kilogram, had a severe, serious 
event of viral pneumonia. A third participant 
who was receiving the fixed dose of 80 mg of 
fitusiran had a severe, nonserious event of non-
cardiac chest pain that was considered to be 
possibly drug-related on day 44 and which led to 
study discontinuation on day 45 (after the last 
dose of fitusiran had been received on day 28). 
The chest pain was accompanied by elevations in 
levels of C-reactive protein, alanine aminotrans-
ferase, aspartate aminotransferase, and D-dimer. 
Extensive evaluation did not reveal any substan-
tial medical abnormalities; pulmonary embolism, 
portal-vein thrombosis, and deep-vein thrombo-
sis were ruled out on repeated computed tomo-
graphic angiography and Doppler ultrasonogra-
phy of the liver and lower limbs. Serologic results 
for viral hepatitis were negative. Ultrasonography 
of the abdomen showed the presence of gall-
bladder sludge, but a definitive diagnosis was 
not made. The event resolved with the use of 
analgesics and antacids, and laboratory values 
normalized.

Of the 25 participants in Parts B and C, 2 
(8%) reported one serious adverse event each. 
One of these events was a reactivation of hepati-
tis C viral infection in a participant who had 
received 0.45 mg of fitusiran per kilogram (see 
the Supplementary Appendix for details), and the 
other was the above-mentioned viral pneumonia. 
Neither serious adverse event led to a discontinu-
ation of fitusiran.

There were no clinically significant changes 
on physical examination, in vital signs, or in elec-
trocardiographic measurements in any participant. 
Asymptomatic, transient elevations in the alanine 
aminotransferase level (>1.5 times the upper 
limit of the normal range or >1.5 times the base-

line value [in participants with a baseline value 
that was above the upper limit of the normal 
range]) were observed in 9 of 25 participants 
(36%), but no events were associated with an 
increased bilirubin level or led to treatment dis-
continuation (Figs. S4 and S5 in the Supplemen-
tary Appendix). Of these 9 participants, 8 had 
peak elevations that were less than 3 times the 
upper limit of the normal range; 1 participant 
had an increase of more than 3 times the upper 
limit of the normal range in association with the 
above-mentioned chest pain. The 9 participants 
with elevated alanine aminotransferase levels were 
distributed across the dose cohorts, and no clear 
dose−response relationship could be determined 
(Table S8 in the Supplementary Appendix). Eight 
of the participants with an increased alanine 
aminotransferase level had a medical history of 
hepatitis C infection and had not received cura-
tive treatment. Elevations in the D-dimer level were 
observed in some participants; however, we were 
unable to identify any dose−response relation-
ships or consistent trends related to fitusiran treat-
ment (Fig. S6 in the Supplementary Appendix). 
Furthermore, the changes in D-dimer levels were 

Figure 3. Relationship between Antithrombin Level and Thrombin Generation.

Shown are paired antithrombin levels and peak values for thrombin genera-
tion in all the participants with hemophilia A or B and in healthy volunteers 
for whom data were available. The dashed line shows the median baseline 
values for the participants with hemophilia A or B. Antithrombin levels 
were determined relative to a standard human plasma reagent with a de-
fined antithrombin activity level calibrated against a World Health Organi-
zation reference.
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Figure 2  (facing page). Pharmacodynamic  
Characteristics of Fitusiran.

Shown are the mean plasma antithrombin levels 
among the study participants, normalized to the activ-
ity level at baseline, after a single injection of fitusiran 
in healthy volunteers (Panel A) and in participants 
with hemophilia after three once-weekly injections 
(Panel B) and after three once-monthly injections 
(Panel C). The arrows below the graph indicate the 
timing of the injections. The I bars represent standard 
errors, which were calculated only for cohorts with at 
least two participants.
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Anylam	halts	fitusiran	trials	



•  SC,	subcutaneous;	TFPI,	tissue	factor	pathway	inhibitor		

Novel	modes	of	action	therapy	in	haemophilia:		
Concizumab	

•  Chowdary	P,	et	al.	J	Thromb	Haemost	2015;13:743–54	
•  Carr	ME,	Tortella	BJ.	J	Blood	Med	2015;6:245–55	

Concizumab	is	a	monoclonal	antibody	targeting	the	TFPI	

Concizumab	decreases	TFPI	and	increases	thrombin	generation	

Administered	SC	and	potentially	once	weekly	

Three	phase	I	trials	so	far:	
•  EXPLORER	1:	results	from	this	trial	were	not	very	significant	
•  EXPLORER	2:	this	trial	was	terminated	before	completion	
•  EXPLORER	3:	this	trial	has	been	completed	but	no	data	has	been	

released	yet	



How	tissue	factor	is	controlled	and	prevented	from	activating	cells	



Concizumab	targets	TFPI	
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Novel modes of action therapy in haemophilia: Concizumab



•  F,	factor		
•  Chowdary	P,	et	al.	J	Thromb	Haemost	2015;13:743–54	
•  Carr	ME,	Tortella	BJ.	J	Blood	Med	2015;6:245–55	

Novel	modes	of	action	therapy	in	haemophilia:		
gene	therapy	

Deliver	working	copies	of	the	FVIII	gene	into	the		
patient’s	cells	using	a	viral	vector	

The	first	treatment	with	clinical	data	is		
Biomarin’s	BMN	270	(vector:	rAAV-HLP-codop-h-FVIII-V3)	

Trials	so	far:		
•  phase	I/II	have	recently	shown	promising	results	
•  phase	IIb	trial	planned	to	start	around	the	middle	of	2018	

Approval	is	expected	at	the	end	of	2020	at		
the	earliest	

If	successful,	gene	therapy	could	offer	a	once-in-a-lifetime	cure	
for	haemophilia	A	

May	not	be	suitable	to	those	with	pre-existing	neutralising	antibodies	
to	FVIII	or	the	vector	







Novel	modes	of	action	therapy	in	haemophilia:		
Emicizumab	

•  1.	Kitazawa	T,	et	al.	Nat	Med	2012;18:1570–4		
2.	Uchida	N,	et	al.	Blood	2016;127:1633–41		
3.	Shima	M,	et	al.	N	Engl	J	Med	2016;374:2044–53	•  F,	factor	a,	activated		

Bispecific	monoclonal	antibody,	promotes	the	formation	of	FXa	in	the				
absence	of	FVIIIa1		

Half-life	of	4–5	weeks2	

Administered	by	weekly	subcutaneous	injection2	

Approval	is	expected:	early	2018	

Not	neutralised	by	anti-FVIII	antibodies	(inhibitors)3	

Four	ongoing	phase	III	clinical	trials,				including	one	in	paediatrics	(<12	
years	of	age)	



•  As	a	bispecific	monoclonal	antibody,	emicizumab	replaces	the	action	of	FVIIIa	by	binding	
with	both	FIXa	and	FX	to	bring	them	close	enough	to	allow	the	activation	of	FX	by	FIXa	

•  This	triggers	the	activation	of	the	rest	of	the	coagulation	cascade,	restoring	normal	
clotting	function.	

Emicizumab	MoA	

•  a,	activated;	F,	factor;	MoA,	mechanism	of	
action		

Emicizumab	

FIXa	

FX	

Platelet	surface	

Emicizumab/	
FIXa/FX	complex	

FX	activation	



Emicizumab	MoA	compared	with	FVIII	

•  Where	sufficient	FVIII	is	present,	it	will	bind	with	
thrombin	to	become	activated	(FVIIIa)	

•  This	FVIIIa	then	binds	with	FIXa	to	form	the	tenase	
complex	on	the	surface	of	platelets	

•  The	complex	then	binds	with	FX	to	allow	its	activation	
by	FIXa.	This	part	of	the	coagulation	cascade	can	not	
occur	in	the	absence	of	FVIII	a,	activated;	F,	factor;	
MoA,	mechanism	of	action.		

•  As	a	bispecific,	monoclonal	antibody,	emicizumab	
replaces	the	hemostatic	function	of	FVIII	by	
binding	to	FIXa	and	FX,	which	allows	the	
coagulation	cascade	to	continue	normally	

•  FVIII	inhibitors	do	not	bind	to	or	neutralise	
emicizumab,	therefore	have	no	impact	on	its	
haemostatic	activity	
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Solo para uso en la reunión “Profundizando en la Hemofilia A Adquirida” – el 11 de diciembre – Hotel 4* Barcelona. 

IX JORNADA D’ACTUALITZACIO 
SOBRE HEMOFILIA 

J. Mateo 
Unitat d’Hemostàsia i Trombosi. 
Hospital de la Santa Creu i Sant Pau (Barcelona) 

NOUS TRACTAMENTS. 
MÉS ENLLÀ DELS FACTORS. 



FARMACOS QUE MODULAN EL BALANCE HEMOSTÀTICO 

  ESTUDIOS EN MARCHA: Resultados clínicos no comunicados. 
  Inyección subcutánea diaria. 
  Población. 

§  Hemofilia A con inhibidor.  
§  Hemofilia B con inhibidor.  
§  Hemofilia A (sin inhibidor), comparado con turoctocog (NovoEight) 
 

  Iniciándose otros estudios con anticuerpos anti-TFPI 

ANTICUERPOS monoclonales CONTRA EL TFPI 
CONCIZUMAB 



FARMACOS QUE MODULAN EL BALANCE HEMOSTÀTICO 

  ESTUDIOS: publicados resultados 
farmacocinéticos / farmacodinámicos 

  Inyección subcutánea mensual. 
  Población susceptible. 

§  Hemofilia A y B sin inhibidores.  
§  Hemofilia A y B con inhibidor.  
§  Otras coagulopatías 
 

  Situación actual: 
§  Estudios detenidos por cuestiones de 

seguridad. 

Inhibidores de la síntesis de ANTITROMBINA 

FITUSIRAN 



FARMACOS QUE “imitan” el factor VIII 

  ESTUDIOS 
  Inyección subcutánea semanal o 
cada 4 semanas. 
  Población. 
§  Hemofilia A con inhibidor.  
§  Hemofilia A sin inhibidor 

Emicizumab (Hemlibra®) 



HAVEN 1: Emicizumab (ACE910) prophylaxis 
in patients with hemophilia A with inhibitors – 
a randomized, multicenter, open-label, phase 3 

study to investigate efficacy, safety and 
pharmacokinetics 

Johannes Oldenburg1, Johnny Mahlangu2, Benjamin Kim3, Christophe Schmitt4,  
Michael Callaghan5, Guy Young6, Elena Santagostino7, Rebecca Kruse-Jarres8, Claude Negrier9, 
Craig Kessler10, Nancy Valente3, Elina Asikanius4, Gallia Levy3, Jerzy Windyga11, Midori Shima12 

1Universitätsklinikum Bonn, Bonn Germany; 2Haemophilia Comprehensive Care Centre, Faculty of Health Sciences, University of the Witwatersrand and NHLS, 
Johannesburg, South Africa; 3Genentech Inc., South San Francisco, CA, USA; 4F. Hoffmann-La Roche Ltd, Basel, Switzerland; 5Children’s Hospital of Michigan, 

Detroit, MI, USA; 6Children’s Hospital Los Angeles, University of Southern California Keck School of Medicine, Los Angeles, CA, USA; 7IRCCS Ca' Granda 
Foundation, Ospedale Maggiore Policlinico, Milan, Italy; 8Bloodworks Northwest, Seattle, WA, USA; 9Louis Pradel University Hospital, Lyon, France; 

10Georgetown University Medical Center, Washington, DC, USA; 11Department of Disorders of Hemostasis and Internal Medicine, Institute of Hematology and  
Transfusion Medicine, Warsaw, Poland; 12Department of Pediatrics, Nara Medical University, Kashihara, Nara, Japan 

Emicizumab is an investigational product and is not approved or licensed for  
the treatment of patients with hemophilia A or any other medical condition 



Emicizumab (ACE910) 
Humanized bispecific monoclonal antibody  

•  Novel humanized bispecific 
monoclonal antibody 

•  Bridges activated FIX (FIXa) and 
FX to restore function of missing 
FVIIIa 

•  No structural homology to  
FVIII – not expected to induce 
FVIII inhibitors or be affected by 
presence of inhibitors 

•  Administered subcutaneously 

Kitazawa T, et al. Nat Med 2012;18:1570–4. 
Sampei Z, et al. PLoS One 2013;8:e57479. 

Uchida N, et al. Blood 2016;127:1633–41. 
Shima S, et al. N Engl J Med 2016;374:2044–53. 

Emicizumab 

Factor IXa Factor X 
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PwHA with inhibitors on episodic/ 
prophylactic treatment with BPAs  

(from non-interventional study; n=7) 
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Emicizumab 

Primary analysis:  
≥24 weeks follow-up in Arms A and B  

Prior episodic  
n=53 

Prior prophylactic 
n=49  

No prophylaxis (n=18) 

Emicizumab (n=35) 

Emicizumab 

Emicizumab (n=49)    Emicizumab 

Arm A 

Emicizumab 

26 

Arm B (Control Arm) 

Arm C 

Arm D 

HAVEN 1 study design 
Once-weekly subcutaneous emicizumab prophylaxis 

Persons with hemophilia A  
(PwHA) with inhibitors aged ≥12 

years on treatment with bypassing 
agents (BPAs) N=109 

NCT02622321: phase 3, open-label, multicenter, randomized study. 
Emicizumab 3 mg/kg/week for 4 weeks; 1.5 mg/kg/week thereafter. 
Arm D: Patients unable to enroll into Arms A, B or C before they closed to enrollment.  



Median ABR 
(IQR) 

18.8 
(12.97; 35.08) 

0.0 
(0.00; 3.73) 

ABR calculated with negative binomial regression model. 
Median ABR calculated by number of bleeds/duration of efficacy period in days*365.25. 
CI, confidence interval; IQR, interquartile range.  

Primary analysis data cutoff – October 25, 2016 

HAVEN 1 primary endpoint  
Randomized comparison of treated bleeds 
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87% reduction 
P<0.0001 

§  Statistically significant, clinically meaningful reduction in bleed rate with emicizumab 
§  62.9% of patients experienced zero bleeds with emicizumab prophylaxis 
§  To date, no patients have discontinued due to lack of efficacy 
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ABR calculated with negative binomial regression model. 
Median ABR calculated by number of bleeds/duration of efficacy period in days*365.25.  

Intra-individual comparison: treated bleeds with  
emicizumab prophylaxis vs prior BPA prophylaxis 
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§  Statistically significant, clinically meaningful reduction in bleed rates with emicizumab 
prophylaxis vs prior BPA prophylaxis 

§  70.8% of patients with zero bleeds on emicizumab prophylaxis 

79% reduction 
P=0.0003 
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HAVEN 1 health-related quality of life and health status 
Randomized comparison  

29 

§  Statistically significant, clinically meaningful improvements in HRQoL and health 
status with emicizumab prophylaxis vs no prophylaxis 

Wyrwich KW, et al. Haemophilia 2015;21:578–84. 
Walters SJ, et al. Qual Life Res 2005;14:1523–32. 
Pickard AS, et al. Health Qual Life Outcomes 2007;5:70. 

Measure  Number of patients  
(Arm B/Arm A) 

Clinically 
meaningful 
difference 

Difference in 
adjusted means 

(95% CI) 
 (Arm B vs Arm A) 

P-value 

Haem-A-QoL (in patients aged ≥18 years) 

Total score 14/25 +10 points 14.01  
(5.56; 22.45) 0.0019 

Physical health score 14/25 +7 points 21.55  
(7.89; 35.22) 0.0029 

EQ-5D-5L 

Visual analog scale 16/30 –7 points –9.72 
(–17.62; –1.82) 0.0171 

Index utility score 16/30 –0.07 points –0.16 
(–0.25; 0.07) 0.0014 



HAVEN 1 safety summary 
All emicizumab patients 

§  **Third TMA event occurred after primary data cut-off; patient also experienced fatal rectal hemorrhage  
§  Thrombotic events were skin necrosis/superficial thrombophlebitis in one patient, and cavernous sinus thrombosis in a 

second patient 
§  No patients tested positive for anti-drug antibodies  

Total (N=103) 
Total number of adverse events (AEs), n 198 
Total patients ≥1 AE, n (%) 73 (70.9) 

Serious AE* 9 ( 8.7) 
Thrombotic microangiopathy (TMA)** 3 ( 2.9) 
Thrombotic event 2 ( 1.9) 

Death** 1 (<1) 
AEs leading to withdrawal 2 ( 1.9) 
Grade ≥3 AE 8 ( 7.8) 
Related AE 23 (22.3) 
Local injection-site reaction  15 (14.6) 

*Additional serious AEs included one event each of: iron deficiency anemia, sepsis, hemarthrosis, muscle hemorrhage, gastric ulcer hemorrhage, headache and hematuria. 
Two additional withdrawals not related to AEs; one withdrawal by patient, one withdrawal due to physician decision. 30 



*Two patients also received rFVIIa prior to/during the event. 
TE, thromboembolism. 

HAVEN 1 updated data 
Assessment of interaction between emicizumab and aPCC 

31 

§  TMA/thrombotic events only occurred with aPCC treatment averaging >100 U/kg daily for ≥24 
hours 

§  aPCC contains activated and non-activated coagulation factors, including FII, FVII, FIX and FX, 
which can accumulate with repeat dosing 

§  Risk may be mitigated with clear dosing guidance 
§  No further SAEs of TE/TMA in >350 patients treated in emicizumab development program to date 

111 inhibitor 
patients treated  
with emicizumab 

20 patients 
treated with  

aPCC 

37 patients treated 
with rFVIIa 

140 treatment 
episodes 

52 treatment 
episodes 

No TMA or TE 

5 treatment 
episodes 

No TMA or TE 

8 treatment 
episodes  

5 events of 
TMA/ 

thrombosis* 
No TMA/TE with 

emicizumab + rFVIIa 
treatment alone 

13 treatment 
episodes 

No TMA or TE 

Updated data cutoff – April 21, 2017, including 8 additional patients. 

≤100 U/kg/day  >100 U/kg/day  

<24 hours 

≥24 hours 

78 treatment 
episodes 



HAVEN 1 conclusions (1) 

§ Once-weekly emicizumab prophylaxis administered 
subcutaneously successfully prevented or reduced bleeds in 
PwHA with inhibitors 
– Reduction in bleed rate of 87% vs no prophylaxis 

– Reduction in bleed rate of 79% vs prior prophylactic BPAs 

– 63% of patients randomized to emicizumab prophylaxis and 71% of patients 
previously on BPA prophylaxis experienced zero bleeds 

§ Substantial reduction in bleeds was associated with statistically 
significant, clinically meaningful benefits in HRQoL and health 
status 

14 



HAVEN 1 conclusions (2) 

§ Risk of TE and TMA events seen with aPCC administered with 
emicizumab prophylaxis may be mitigated with BPA treatment 
guidance 
– Serious thrombotic and TMA events were seen when aPCC was 

administered at repeated doses (>100 U/kg/day on average for ≥24 hours) 
to treat breakthrough bleeds during emicizumab prophylaxis 

– No serious TE or TMA events occurred with emicizumab alone or when 
rFVIIa alone was used for breakthrough bleed treatment 

– aPCC should be avoided if possible in patients receiving emicizumab 

•  If necessary to use, lower doses are indicated and caution should be used 

15 



HAVEN 1 conclusions (3) 

§ Results represent a potential paradigm shift and new standard of 
care for treatment of hemophilia A with inhibitors, with an effective 
weekly, subcutaneous, prophylactic therapeutic option 

§ Data from this study have been submitted for approval 
consideration to the EMA and the US FDA 

§ Aprobado FDA en noviembre 2017  
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HAVEN 1 data now published in NEJM 

18 

Available at http://www.nejm.org 
 



HAVEN 2: Efficacy, safety and 
pharmacokinetics of once-weekly prophylactic 

emicizumab (ACE910) in pediatric patients  
(<12 years) with hemophilia A with inhibitors: 

interim analysis of single-arm, multicenter,  
open-label, phase 3 study 

Guy Young1, Johannes Oldenburg2, Ri Liesner3, Victor Jiménez-Yuste4, 
Maria Elisa Mancuso5, Tiffany Chang6, Marianne Uguen7,  
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Emicizumab is an investigational product and is not approved or licensed for  
the treatment of patients with hemophilia A or any other medical condition 



Pediatric PwHA with 
inhibitors aged ≥2 to <12 
years (or 12–17 years if 
<40 kg) on episodic or 

prophylactic treatment with 
bypassing agent(s) (BPAs) 

 
 

Primary efficacy analysis  
52 weeks after last patient enrolled 

Weekly  
SC emicizumab 

prophylaxis 
3 mg/kg/wk for 4 weeks;  
1.5 mg/kg/wk thereafter 

NCT02795767. 
Patients from non-interventional study (NCT02476942) (Cohort B) permitted to enroll.  
First interim review – starting maintenance dose evaluated after 3–5 patients dosed for ≥12 weeks. 
Second interim review – once ≥10 patients dosed for ≥12 weeks. 
SC, subcutaneous. 

HAVEN 2 study design 
Once-weekly subcutaneous emicizumab prophylaxis 

Screening  
N=20–60  

24-week safety follow-
up off study drug 

OR 
continue on emicizumab 

Interim data reviews 

Potential individual efficacy-guided 
dose up-titration from week 12 

37 



HAVEN 2 intra-individual comparison  
Emicizumab prophylaxis vs prior BPA treatment 

§  Intra-individual comparison performed for 8 NIS patients on HAVEN 2 study ≥12 weeks 
§  Zero bleeds reported for all 8 patients receiving emicizumab (efficacy period 85–99 days) 
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Patient 

NIS HAVEN 2 

Prior prophylactic BPAs Prior 
episodic 

BPAs 

No. of treated bleeds 
(NIS/HAVEN 2) 6 0 0 0 4 0 8 0 5 0 12 0 12 0 1 0 

Follow-up (days) 
(NIS/HAVEN 2) 122 99 61 99 118 89 120 86 128 85 128 85 138 85 149 99 

§  Substantial reductions in treated bleed rates with emicizumab prophylaxis vs prior 
BPA treatment 

38 



HAVEN 2 safety summary 

§  Serious AEs: mouth hemorrhage, appendicitis, catheter-site infection 
§  All related AEs were mild injection-site reactions (3 patients; 9 events) 
§  No thromboembolic or thrombotic microangiopathy events observed 
§  No patients tested positive for anti-drug antibodies 

Adverse events, n (%) 
Emicizumab 1.5 mg/kg QW 

(N=20) 
Total number of AEs 43 
Total patients experiencing ≥1 AE, n (%) 14 (70.0) 

Serious AE   3 (15.0)  
Grade ≥3 AE   3 (15.0) 
Related AE   3 (15.0) 
Local injection-site reaction   3 (15.0) 
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HAVEN 2 
Emicizumab pharmacokinetics 

SD, standard deviation. 
Yoneyama K, et al. Clin Pharmacol Ther 2016;99 Suppl 1:S33. 
Oldenburg J, et al. ISTH 2017; abstract ASY 01.1.  
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§  Target emicizumab exposure was ≥45 µg/mL 
§  Emicizumab PK profile comparable with that seen in adolescent/adult PwHA 

§ With weekly subcutaneous dosing, mean trough emicizumab plasma concentrations 
>50 µg/mL were achieved and sustained once at steady-state 

Emicizumab 3 mg/kg/week for 4 weeks; 
1.5 mg/kg/week thereafter. 
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HAVEN 2 conclusions (1) 

§ At 12-week follow-up, efficacy results are promising and clinically 
meaningful in pediatric PwHA with inhibitors  
– Emicizumab successfully prevented or reduced bleeds 
– Clinically meaningful reductions in annualized bleeding rate shown with 

emicizumab versus prior regimen (from non-interventional study) 

§ Safety profile of emicizumab was favorable and well tolerated, with 
no thromboembolic or thrombotic microangiopathy events reported 

§ Target exposure was achieved at 50 µg/mL in pediatric population 
(>2 years of age), with PK profile consistent with adolescent/adult 
population 
– Pediatric dose confirmed to be the same as adult dose 

41 

Download this presentation: http://tago.ca/H2InA 



HAVEN 2 conclusions (2) 

§ Emicizumab has the potential to provide a paradigm shift in the 
treatment of pediatric PwHA with inhibitors, with an effective 
weekly, subcutaneous therapeutic option 

§ Study continues with a total of 62 patients enrolled, including 4 
patients <2 years of age; patients will be followed ≥52 weeks 

§ Data from this study have been submitted for approval 
consideration to the EMA and the US FDA  
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Download this presentation: http://tago.ca/H2InA 

Aprobado FDA en noviembre 2017  



HAVEN 4 
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HAVEN 4 

§ La administración de 6 mg/kg 
cada 4 semanas es muestra un 
perfil similar a la administración 
de 1.5 mg/kg/QW. 

§ La administración de 
emicizumab como profilaxis 
cada 4 semanas será posible 
en pacientes con Hemofilia A. 
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Terapia génica en Hemofilia B. Gen factor IX Padua 

  Vector AAV con F9 Padua 5*1011 genomas de vector por Kg 
  10 individuos de hemofilia B <2%. 
  No eventos adversos graves. 
  Aumento de enzimas hepáticos en 2 individuos, sin síntomas, tratados con 
prednisona. 



Media 33.7% (rango, 14-81 







Terapia génica en Hemofilia A 

  Vector AAV-5 que codifica factor VIII humano (sin dominio B). (AAV5-hFVIII-SQ) 
  9 pacientes con hemofilia A  
  Seguimiento 52 semanas. 
  Tres dosis de virus: normalización de niveles en 6 de 7 pacientes al año. 
  Dosis bajas o intermedias no efecto. 
  Aumento asintomático de transaminasas que responde a corticoides. 

Spodoptera frugiperda 







Conclusiones 

  Terapia con fármacos que modulan el balance hemostático. 
§  Hemofilias con o sin inhibidor y otras coagulopoatías (?) . 
§  Pendientes de finalizar estudios.  
§  Cuestiones de seguridad ? 
§  Manejo en hemorragia, cirugía y procedimientos ? 

  Terapia con moléculas que “imitan” la función de factores. 
§  Emicizumab à factor VIII: Hemofilia A con o sin inhibidor. Hemofilia adquirida (?). 
§  Manejo en hemorragia, cirugía y procedimiento ? 

  Terapia génica. 
§  Hemofilia A y B, y…. 
§  Duración del efecto ? 
§  Población candidata ? 
§  anti-AAV infundidos o naturales ?  





¡Gracias! 


