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BACKGROUND
Emicizumab is a bispecific monoclonal antibody that bridges activated factor IX and factor 
X to replace the function of missing activated factor VIII, thereby restoring hemostasis. In 
a phase 3, multicenter trial, we investigated its use as prophylaxis in persons who have 
hemophilia A without factor VIII inhibitors.

METHODS
We randomly assigned, in a 2:2:1 ratio, participants 12 years of age or older who had been 
receiving episodic treatment with factor VIII to receive a subcutaneous maintenance dose 
of emicizumab of 1.5 mg per kilogram of body weight per week (group A) or 3.0 mg per 
kilogram every 2 weeks (group B) or no prophylaxis (group C). The primary end point was 
the difference in rates of treated bleeding (group A vs. group C and group B vs. group C). 
Participants who had been receiving factor VIII prophylaxis received emicizumab at a 
maintenance dose of 1.5 mg per kilogram per week (group D); intraindividual comparisons 
were performed in those who had participated in a noninterventional study.

RESULTS
A total of 152 participants were enrolled. The annualized bleeding rate was 1.5 events (95% 
confidence interval [CI], 0.9 to 2.5) in group A and 1.3 events (95% CI, 0.8 to 2.3) in group 
B, as compared with 38.2 events (95% CI, 22.9 to 63.8) in group C; thus, the rate was 96% 
lower in group A and 97% lower in group B (P<0.001 for both comparisons). A total of 
56% of the participants in group A and 60% of those in group B had no treated bleeding 
events, as compared with those in group C, who all had treated bleeding events. In the 
intraindividual comparison involving 48 participants, emicizumab prophylaxis resulted in 
an annualized bleeding rate that was 68% lower than the rate with previous factor VIII 
prophylaxis (P<0.001). The most frequent adverse event was low-grade injection-site reac-
tion. There were no thrombotic or thrombotic microangiopathy events, development of 
antidrug antibodies, or new development of factor VIII inhibitors.

CONCLUSIONS
Emicizumab prophylaxis administered subcutaneously once weekly or every 2 weeks led to 
a significantly lower bleeding rate than no prophylaxis among persons with hemophilia A 
without inhibitors; more than half the participants who received prophylaxis had no treated 
bleeding events. In an intraindividual comparison, emicizumab therapy led to a signifi-
cantly lower bleeding rate than previous factor VIII prophylaxis. (Funded by F. Hoffmann–
La Roche and Chugai Pharmaceutical; HAVEN 3 ClinicalTrials.gov number, NCT02847637.)
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Regular prophylactic intravenous 
infusion of factor VIII is the current treat-
ment for persons with severe hemophilia 

A.1-4 However, because of the half-life of factor 
VIII, more than two infusions per week are nec-
essary for maintaining protective trough levels,5 
which results in a substantial treatment burden6,7 
and an unsatisfactory level of care for persons 
who are unable to adhere to this strategy. Despite 
regular prophylaxis, clinical and subclinical bleed-
ing events may occur.8 Thus, treatments with a 
high efficacy and reduced burden are needed.

Emicizumab (Hemlibra, F. Hoffmann–La 
Roche), a recombinant, humanized, bispecific 
monoclonal antibody, bridges activated factor IX 
and factor X to replace the function of missing 
activated factor VIII, thereby restoring hemosta-
sis.9-11 The efficacy of once-weekly emicizumab 
therapy has been shown in persons who have 
hemophilia A with neutralizing anti–factor VIII 
alloantibodies (inhibitors).12-14 In a phase 3 trial 
(HAVEN 3), we assessed the efficacy, safety, and 
pharmacokinetics of emicizumab prophylaxis 
in persons who have hemophilia A without in-
hibitors.

Me thods

Oversight

We initiated this phase 3, open-label, multi-
center, randomized trial in September 2016. The 
trial was designed by the sponsors (F. Hoffmann–
La Roche and Chugai Pharmaceutical) and the 
investigators. The data analysis was conducted 
by three authors (the trial statisticians and phar-
macologist), who were employed by the sponsor 
and who vouch for accuracy and completeness 
of the data and analyses. The authors directed 
the development of the manuscript by Envision 
Pharma Group (funded by F. Hoffmann–La Roche) 
and critically reviewed subsequent drafts. Data 
were available to all the authors, who confirm 
adherence of the trial to the protocol (available 
with the full text of this article at NEJM.org) and 
the statistical analysis plan (see the Supplemen-
tary Appendix, available at NEJM.org).

The trial was conducted in compliance with 
the International Conference on Harmonisation 
guidelines for Good Clinical Practice15 and the 
principles of the Declaration of Helsinki.16 The 
protocol was approved by the institutional review 
board or ethics committee at each participating 

center (see the Supplementary Appendix). An in-
dependent data and safety monitoring commit-
tee, which included three hemophilia experts, 
reviewed the safety of the trial. All the partici-
pants or their legally authorized representatives 
provided written informed consent before trial 
participation, and adolescents (12 to 17 years of 
age) provided written informed assent. The data-
cutoff date for the analyses included in this article 
was September 15, 2017.

Participants

Eligible participants were 12 years of age or 
older with severe congenital hemophilia A (endog-
enous factor VIII activity, <1%), without current 
factor VIII inhibitors (<0.6 Bethesda units per 
milliliter), who were receiving episodic or pro-
phylactic factor VIII infusions. Additional eligi-
bility criteria are listed in the Methods section in 
the Supplementary Appendix.

Design

Emicizumab prophylaxis was administered sub-
cutaneously. Two maintenance regimens were 
evaluated to investigate whether flexible dosing 
frequency could be offered in the future; each 
regimen was predicted to provide effective bleed-
ing control over the entire dosing period.17 Emi-
cizumab prophylactic regimens included four ini-
tial loading doses of 3.0 mg per kilogram of body 
weight per week, followed by a dose of either 
1.5 mg per kilogram per week or 3.0 mg per 
kilogram every 2 weeks (Fig. S1 in the Supple-
mentary Appendix).

Participants receiving previous episodic ther-
apy with factor VIII were randomly assigned in a 
2:2:1 ratio to receive emicizumab once weekly 
(group A) or every 2 weeks (group B) or to re-
ceive no prophylaxis (group C). Randomization 
was conducted centrally by means of an interac-
tive voice–Web-response system and was strati-
fied according to the number of bleeding events 
(<9 or ≥9) that had occurred in the preceding 
24 weeks. Participants who had been receiving 
adequate prophylactic factor VIII, as determined 
by the investigator, were assigned to receive once-
weekly emicizumab (group D) and could con-
tinue factor VIII prophylaxis until the second 
loading dose of emicizumab, because the first 
loading dose results in plasma concentrations 
with measurable hemostatic benefit.18 At least 40 
participants were required to complete 24 weeks 
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or more of observation in a noninterventional 
study (ClinicalTrials.gov number, NCT02476942)19 
before they could be enrolled in group D.

Additional factor VIII was administered at 
investigator-determined doses for breakthrough 
bleeding events. After 24 weeks or longer, partici-
pants in group C could switch to receiving emi-
cizumab every 2 weeks (and remain in group C). 
All the participants could continue emicizumab 
therapy at or after 24 weeks. Using an electronic 
handheld device, participants regularly attested 
whether they had a bleeding event, and they re-
corded information about bleeding events and 
the administration of factor or emicizumab as 
soon as the events occurred. The collection of 
information regarding bleeding events and med-
ications for hemophilia and the definitions of 
bleeding events have been described previously.13

The Haemophilia Quality of Life Question-
naire for Adults (Haem-A-QoL) was administered 
every 12 weeks. Scores are on a scale from 0 to 
100, with higher scores reflecting greater im-
pairment,20 and a change in the physical health 
subscale score of 10 points or more is consid-
ered to be clinically meaningful.21 Titers of fac-
tor VIII inhibitor were measured centrally with 
the use of a chromogenic Bethesda assay, and 
titers of 0.6 Bethesda units or more per milliliter 
were considered to be positive.22,23 Full details 
are provided in the Methods section in the Sup-
plementary Appendix.

End Points

The primary end point was the difference (ex-
pressed as a ratio) in the rate of treated bleeding 
events (hereafter referred to as the bleeding rate) 
over a period of at least 24 weeks between ran-
domly assigned groups of participants (group A 
vs. group C and group B vs. group C). The pri-
mary analysis occurred after the last randomly 
assigned participant and at least 40 participants 
from group D had completed 24 weeks in the 
trial or had withdrawn, whichever occurred first.

Secondary end points for the randomized com-
parisons, adjusted for multiple testing, included 
all bleeding events (treated and not treated), 
spontaneous and joint bleeding events, and the 
score on the Haem-A-QoL physical health sub-
scale. In group D, analyses (adjusted for multiple 
testing) included intraindividual comparisons of 
bleeding rates. Intraindividual comparisons in-
cluded only the participants who had been in the 

noninterventional study, which allowed for analy-
ses of similar, prospectively collected data regard-
ing bleeding events and medication in a cohort 
of participants who had received factor VIII 
prophylaxis and emicizumab.

Target joints were defined as major joints (e.g., 
hip, elbow, wrist, shoulder, knee, and ankle) in 
which at least three bleeding events occurred 
over a 24-week period. At trial entry, the pres-
ence of target joints according to bleeding events 
in the 24 weeks before enrollment was recorded 
(see the Methods section in the Supplementary 
Appendix).

An exploratory efficacy end point was the 
preference for emicizumab prophylaxis or previ-
ous treatment according to a survey (EmiPref) 
that was completed at week 17 in groups A, B, 
and D. Safety end points were adverse events, 
serious adverse events, thromboembolic events, 
thrombotic microangiopathy, abnormal labora-
tory values, the development of antidrug anti-
bodies, and the new development of factor VIII 
inhibitors. The pharmacokinetic objective was to 
characterize the trough plasma concentration of 
emicizumab according to the dosing regimen. 
Full details are provided in the Methods section 
in the Supplementary Appendix.

Statistical Analysis

On the basis of the evaluation of clinical consid-
erations and the primary efficacy end point in a 
test for superiority, we estimated that a sample 
of 34 participants per randomized emicizumab 
group and 17 participants in the control group 
would provide the trial with a power of more 
than 90%, at a two-sided significance level of 
0.05, to detect an effect size (i.e., the rate ratio 
of bleeding events in 1 year, defined as the rate 
in an emicizumab group divided by the rate in 
group C, which had received no prophylaxis) of 
4 ÷ 14 = 0.29 (null hypothesis: rate ratio = 1). The 
inclusion of 40 participants in group D was con-
sidered to be sufficient for the evaluation of the 
efficacy end point with precision on the basis of 
the width of the confidence interval for the esti-
mated annualized bleeding rate.

For bleeding-related end points, comparisons 
of bleeding rate (which were calculated over the 
entire efficacy period) were performed with the 
use of a negative binomial-regression model. The 
model included the stratification factor (<9 or ≥9 
bleeding events in the previous 24 weeks; see the 
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Supplementary Appendix) and accounted for vari-
ous follow-up times to determine the bleeding 
rate per day, which was converted to an annual-
ized bleeding rate. The intraindividual compari-
son (without stratification as a covariate) included 
the participant component in the model. The 
Haem-A-QoL scores were analyzed by means of 
analysis of variance (groups A vs. C and B vs. C, 
with baseline score and treatment by baseline 
interaction term included as covariates). The type 
I error for secondary end points was controlled 
with the use of a hierarchical testing framework, 
and the first two tests were the primary com-
parisons of group A with group C and of group B 
with group C (see the Supplementary Appendix).

The safety of emicizumab therapy was ana-
lyzed with the use of all the data collected dur-
ing exposure to emicizumab (including in group 
C after the switch to emicizumab). Percentages 
(with 95% confidence intervals) of the partici-
pants who preferred emicizumab or their hemo-
philia treatment before enrollment, as recorded 
on the EmiPref survey, were calculated. Missing 
data that were related to the Haem-A-QoL and 
EmiPref assessments were considered to be miss-
ing completely at random, and no imputation 
was applied to the analyses (see the statistical 
analysis plan in the Supplementary Appendix).

R esult s

Trial Population

Overall, 152 participants were enrolled (Fig. 1, 
and Table S1 in the Supplementary Appendix), 
1 of whom had undergone successful induction 
of immune tolerance. At enrollment, target joints 
were reported by 76 of 89 participants (85%) 
who had been receiving episodic therapy with 
factor VIII previously and by 26 of 63 (41%) who 
had been receiving prophylactic therapy with 
factor VIII previously.

Efficacy

The annualized bleeding rate was 1.5 events 
(95% confidence interval [CI], 0.9 to 2.5) with 
the once-weekly emicizumab regimen (group A) 
and 1.3 events (95% CI, 0.8 to 2.3) with the 
regimen of emicizumab every 2 weeks (group B), 
as compared with 38.2 events (95% CI, 22.9 to 
63.8) with no prophylaxis (group C). The bleed-
ing rate was 96% lower in group A than in group 
C (rate ratio, 0.04; 95% CI, 0.02 to 0.08; P<0.001) 

and 97% lower in group B than in group C (rate 
ratio, 0.03; 95% CI, 0.02 to 0.07; P<0.001) (Table 1). 
For each comparison, the results were consistent 
across the baseline characteristics that could be 
evaluated (Fig. S2 in the Supplementary Appendix).

No treated bleeding events were reported in 
56% of the participants in group A and in 60% 
of those in group B, as compared with those in 
group C, who all had bleeding events (Table 1). 
The rates of all the secondary bleeding-related 
end points (spontaneous, joint, and target-joint 
bleeding events and all bleeding events) were 
lower with each emicizumab regimen than with 
no prophylaxis (Table 1). Among the 63 partici-
pants in group D, the annualized bleeding rate 
was 1.6 events (95% CI, 1.1 to 2.4), and 56% of 
the participants had zero bleeding events (Table 
S2 in the Supplementary Appendix). During emi-
cizumab treatment, target joints were observed in 
3 of 71 participants (4%) in groups A and B and 
in 2 of 63 (3%) in group D.

In an intraindividual comparison involving the 
48 participants in group D who had participated 
in the noninterventional study, the annualized 
bleeding rate was 1.5 events (95% CI, 1.0 to 2.3) 

Figure 1 (facing page). Disposition of the Participants 
in the Trial.

Participants who had been receiving episodic treatment 
with factor VIII were randomly assigned in a 2:2:1 ratio 
to group A, B, or C with the use of permuted blocks. 
Participants in group D (those who had received pro‑
phylactic factor VIII treatment previously) were enrolled 
without randomization. Of the 152 enrolled participants, 
73 had been previously followed in the noninterven‑
tional study (NIS). Of these 73 participants, 25 who 
had received episodic treatment with factor VIII in the 
noninterventional study were randomly assigned to 
groups A, B, or C, and 48 who had been treated with 
factor VIII prophylaxis in the noninterventional study 
were assigned to group D. Participants in group C 
could receive emicizumab prophylaxis (and remain in 
group C) once they had completed at least 24 weeks  
of the trial while receiving no prophylaxis. In group A, 
the dose was increased to 3.0 mg per kilogram weekly 
in 1 participant after 24 weeks of follow-up. In group B, 
1 participant discontinued treatment because of ad‑
verse events involving insomnia, alopecia, nightmare, 
lethargy, pruritus, headache, and depressed mood, all 
of which were considered by the investigator to be re‑
lated to emicizumab. In group C, 1 participant was 
waiting to start emicizumab prophylaxis at the time  
of clinical cutoff. In group D, the dose was increased  
to 3.0 mg per kilogram weekly in 1 participant before 
24 weeks of follow-up and in 3 participants after 24 
weeks of follow-up.

The New England Journal of Medicine 
Downloaded from nejm.org at QUEENS UNIV on November 1, 2018. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 



n engl j med 379;9  nejm.org  August 30, 2018 815

Emicizumab in Hemophilia A without Inhibitors

15
2 

W
er

e 
en

ro
lle

d
(7

3 
ha

d 
be

en
 p

re
vi

ou
sl

y 
fo

llo
w

ed
 in

 th
e 

N
IS

:
25

 h
ad

 r
ec

ei
ve

d 
ep

is
od

ic
 fa

ct
or

 V
II

I t
re

at
m

en
t p

re
vi

ou
sl

y,
 a

nd
48

 h
ad

 r
ec

ei
ve

d 
pr

op
hy

la
ct

ic
 tr

ea
tm

en
t p

re
vi

ou
sl

y)

15
9 

Pa
tie

nt
s 

w
er

e 
as

se
ss

ed
 fo

r 
el

ig
ib

ili
ty 7 

W
er

e 
ex

cl
ud

ed
3 

H
ad

 li
ve

r 
or

 r
en

al
 d

ys
fu

nc
tio

n
1 

H
ad

 m
aj

or
 s

ur
ge

ry
 p

la
nn

ed
2 

H
ad

 c
on

cu
rr

en
t d

is
ea

se
1 

D
id

 n
ot

 h
av

e 
do

cu
m

en
te

d 
ne

ga
tiv

e
in

hi
bi

to
r 

st
at

us

1 
W

as
 lo

st
 to

 fo
llo

w
-u

p 
an

d
w

as
 n

ot
 tr

ea
te

d
1 

D
is

co
nt

in
ue

d 
tr

ea
tm

en
t

ow
in

g 
to

 a
dv

er
se

 e
ve

nt
1 

W
as

 lo
st

 to
 fo

llo
w

-u
p 

an
d

w
as

 n
ot

 tr
ea

te
d

89
 U

nd
er

w
en

t r
an

do
m

iz
at

io
n

63
  W

er
e 

as
si

gn
ed

 to
 g

ro
up

 D
(1

.5
 m

g/
kg

 e
m

ic
iz

um
ab

 e
ve

ry
 w

k)
48

 H
ad

 r
ec

ei
ve

d 
pr

op
hy

la
ct

ic
 fa

ct
or

 V
II

I
 tr

ea
tm

en
t p

re
vi

ou
sl

y 
in

 th
e 

N
IS

18
 W

er
e 

as
si

gn
ed

 to
 g

ro
up

 C
 

(n
o 

pr
op

hy
la

xi
s)

5 
H

ad
 r

ec
ei

ve
d 

ep
is

od
ic

 fa
ct

or
 V

II
I

 tr
ea

tm
en

t p
re

vi
ou

sl
y 

in
 th

e 
N

IS

35
 W

er
e 

as
si

gn
ed

 to
 g

ro
up

 B
(3

.0
 m

g/
kg

 e
m

ic
iz

um
ab

 e
ve

ry
 2

 w
k)

10
 H

ad
 r

ec
ei

ve
d 

ep
is

od
ic

 fa
ct

or
 V

II
I

 tr
ea

tm
en

t p
re

vi
ou

sl
y 

in
 th

e 
N

IS

36
 W

er
e 

as
si

gn
ed

 to
 g

ro
up

 A
(1

.5
 m

g/
kg

 e
m

ic
iz

um
ab

 e
ve

ry
 w

k)
10

 H
ad

 r
ec

ei
ve

d 
ep

is
od

ic
 fa

ct
or

 V
II

I
 tr

ea
tm

en
t p

re
vi

ou
sl

y 
in

 th
e 

N
IS

35
 C

on
tin

ue
d 

on
go

in
g

tr
ea

tm
en

t w
ith

em
ic

iz
um

ab
34

 M
ai

nt
ai

ne
d 

or
ig

in
al

 d
os

e
1 

H
ad

 in
cr

ea
se

 in
do

se
 to

 3
.0

 m
g/

kg
ev

er
y 

w
k

63
 C

on
tin

ue
d 

on
go

in
g

tr
ea

tm
en

t w
ith

em
ic

iz
um

ab
59

 M
ai

nt
ai

ne
d 

or
ig

in
al

 d
os

e
4 

H
ad

 in
cr

ea
se

 in
do

se
 to

 3
.0

 m
g/

kg
ev

er
y 

w
k

34
 C

on
tin

ue
d 

on
go

in
g

tr
ea

tm
en

t w
ith

em
ic

iz
um

ab
,

m
ai

nt
ai

ni
ng

or
ig

in
al

 d
os

e

16
 C

on
tin

ue
d 

on
go

in
g

tr
ea

tm
en

t w
ith

em
ic

iz
um

ab
,

m
ai

nt
ai

ni
ng

or
ig

in
al

 d
os

e

16
 S

w
itc

he
d 

to
 3

.0
 m

g/
kg

em
ic

iz
um

ab
 e

ve
ry

 2
 w

k
1 

D
id

 n
ot

 s
w

itc
h

to
 e

m
ic

iz
um

ab

1 
C

on
tin

ue
d 

in
 s

af
et

y
fo

llo
w

-u
p

35
 C

om
pl

et
ed

 ≥
24

 w
k 

of
 tr

ia
l

at
 d

at
a 

cu
to

ff
34

 C
om

pl
et

ed
 ≥

24
 w

k 
of

 tr
ia

l
at

 d
at

a 
cu

to
ff

17
 C

om
pl

et
ed

 ≥
24

 w
k 

of
 tr

ia
l

at
 d

at
a 

cu
to

ff
58

 C
om

pl
et

ed
 ≥

24
 w

k 
of

 tr
ia

l
at

 d
at

a 
cu

to
ff

1 
H

ad
 d

el
ay

 in
 fi

rs
t

em
ic

iz
um

ab
 p

ro
ph

yl
ac

tic
do

se

The New England Journal of Medicine 
Downloaded from nejm.org at QUEENS UNIV on November 1, 2018. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 



n engl j med 379;9  nejm.org  August 30, 2018816

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

Variable

Group A: 
Emicizumab 
Once Weekly 

(N = 36)

Group B: 
Emicizumab 
Every 2 Wk 

(N = 35)

Group C: 
No Prophylaxis 

(N = 18)

Median duration of efficacy period (range) — wk† 29.6 (17.3–49.6) 31.3 (7.3–50.6) 24.0 (14.4–25.0)

Bleeding events treated with factor VIII‡

Annualized rate of bleeding events, model-based (95% CI)§ 1.5 (0.9–2.5) 1.3 (0.8–2.3) 38.2 (22.9–63.8)

Rate ratio vs. control (95% CI) 0.04 (0.02–0.08) 0.03 (0.02–0.07) —

Percent difference vs. control −96‖ −97‖ —

Median annualized rate of bleeding events (IQR) 0.0 (0.0–2.5) 0.0 (0.0–1.9) 40.4 (25.3–56.7)

Percent of participants with 0 bleeding events (95% CI) 56 (38–72) 60 (42–76) 0 (0–18)

Percent of participants with 0–3 bleeding events (95% CI) 92 (78–98) 94 (81–99) 6 (<1–27)

All bleeding events, regardless of treatment with factor VIII

Annualized rate of bleeding events, model-based (95% CI)§ 2.5 (1.6–3.9) 2.6 (1.6–4.3) 47.6 (28.5–79.6)

Rate ratio vs. control (95% CI) 0.05 (0.03–0.10) 0.06 (0.03–0.10) —

Percent difference vs. control −95‖ −94‖ —

Median annualized rate of bleeding events (IQR) 0.6 (0.0–3.9) 1.6 (0.0–4.0) 46.9 (26.1–73.9)

Percent of participants with 0 bleeding events (95% CI) 50 (33–67) 40 (24–58) 0 (0–18)

Percent of participants with 0–3 bleeding events (95% CI) 86 (70–95) 86 (70–95) 6 (<1–27)

Treated events of spontaneous bleeding

Annualized rate of bleeding events, model-based (95% CI)§ 1.0 (0.5–1.9) 0.3 (0.1–0.8) 15.6 (7.6–31.9)

Rate ratio vs. control (95% CI) 0.06 (0.03–0.15) 0.02 (0.01–0.06) —

Percent difference vs. control −94‖ −98‖ —

Median annualized rate of bleeding events (IQR) 0.0 (0.0–1.3) 0.0 (0.0–0.0) 10.8 (2.1–25.9)

Percent of participants with 0 bleeding events (95% CI) 67 (49–81) 89 (73–97) 22 (6–48)

Percent of participants with 0–3 bleeding events (95% CI) 94 (81–99) 100 (90–100) 39 (17–64)

Treated events of joint bleeding

Annualized rate of bleeding events, model-based (95% CI)§ 1.1 (0.6–1.9) 0.9 (0.4–1.7) 26.5 (14.7–47.8)

Rate ratio vs. control (95% CI) 0.04 (0.02–0.09) 0.03 (0.02–0.07) —

Percent difference vs. control −96‖ −97‖ —

Median annualized rate of bleeding events (IQR) 0.0 (0.0–1.9) 0.0 (0.0–1.3) 21.3 (14.5–41.3)

Percent of participants with 0 bleeding events (95% CI) 58 (41–74) 74 (57–88) 0 (0–18)

Percent of participants with 0–3 bleeding events (95% CI) 94 (81–99) 97 (85–100) 17 (4–41)

Treated events of target-joint bleeding¶

Annualized rate of bleeding events, model-based (95% CI)§ 0.6 (0.3–1.4) 0.7 (0.3–1.6) 13.0 (5.2–32.3)

Rate ratio vs. control (95% CI) 0.05 (0.02–0.14) 0.05 (0.02–0.15) —

Percent difference vs. control −95‖ −95‖ —

Median annualized rate of bleeding events (IQR) 0.0 (0.0–1.4) 0.0 (0.0–0.0) 12.8 (0.0–39.1)

Percent of participants with 0 bleeding events (95% CI) 69 (52–84) 77 (60–90) 28 (10–54)

Percent of participants with 0–3 bleeding events (95% CI) 97 (86–100) 97 (85–100) 39 (17–64)

*	�Participants in groups A, B, and C had received episodic treatment with factor VIII previously. IQR denotes interquartile range.
†	�The start of the efficacy period for each participant was the first day with available data. The end of the efficacy period in groups A and B 

was the day of clinical cutoff or treatment discontinuation. The end of the efficacy period in group C was the day before the first dose of 
emicizumab or the day of discontinuation.

‡	�The primary analysis occurred after the last randomly assigned participant and at least 40 participants from group D had completed 24 
weeks in the trial or had withdrawn. Three participants who withdrew had a follow-up duration that was shorter than 24 weeks.

§	� The annualized bleeding rate was calculated with the use of a negative binomial-regression model.
¶	�Target joints were defined as major joints (e.g., hip, elbow, wrist, shoulder, knee, and ankle) in which at least three bleeding events occurred 

over the 24-week period before trial entry.
‖	�P<0.001 for the comparison with group C.

Table 1. Annualized Bleeding Rate among Participants Who Underwent Randomization and Had Received Episodic Factor VIII Treatment 
Previously.*
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with once-weekly emicizumab therapy, as com-
pared with 4.8 events (95% CI, 3.2 to 7.1) during 
factor VIII prophylaxis, a result that indicated a 
68% lower rate in favor of emicizumab prophy-
laxis (rate ratio, 0.32; 95% CI, 0.20 to 0.51; 
P<0.001) (Table 2). Of these 48 participants, 41 
were eligible for inclusion in an analysis of ad-
herence to factor VIII prophylaxis during the 
noninterventional study (see the Results section 
in the Supplementary Appendix). A total of 27 of 
41 participants (66%) were administered at least 
80% of the prescribed doses, whereas 14 (34%) 
reported receiving less than 80% of the doses. 
Among the 21 participants who had at least 80% 
adherence to both factor VIII–prescribed frequen-
cy and prescribed dose, the annualized bleeding 
rate was 4.3 events (95% CI, 1.2 to 10.7) and the 
median annualized bleeding rate was 1.8 events 
(interquartile range, 0.0 to 4.3), rates that were 
similar to the annualized bleeding rates among 
all 48 participants (Table  2). All the bleeding-
related secondary end points in the hierarchical 
testing framework reached statistical significance.

Health-Related Quality of Life

The observed difference (adjusted mean) in the 
Haem-A-QoL physical health subscale score at 
week 25, as compared with group C, was 12.5 
points (95% CI, −2.0 to 27.0) in group A (P = 0.09) 
and 16.0 points (95% CI, 1.2, 30.8) in group B; 
the latter comparison was not considered to be 
significant owing to the order of end points in 

the hierarchical testing framework. The EmiPref 
survey was completed by 95 of 134 eligible par-
ticipants (71%). Of all the survey respondents, 
94% (95% CI, 87 to 98) preferred emicizumab, 
and 45 of 46 participants (98%; 95% CI, 88 to 
100) in group D favored emicizumab over factor 
VIII prophylaxis.

Safety

Overall, 543 adverse events were reported in 127 
of 150 participants who received emicizumab. The 
most common adverse event was injection-site 
reaction (in 38 participants [25%]) (Table  3). 
One participant discontinued treatment owing 
to several low-grade adverse events that were 
considered by the investigator to be related to 
emicizumab. No deaths, thrombotic microangi-
opathy, or thrombotic events occurred. A total of 
14 unique serious adverse events were reported. 
Of 215 events of co-exposure to emicizumab and 
factor VIII that occurred in 64 participants, 43 
involved an average dose of factor VIII of at least 
50 IU per kilogram per 24 hours, of which 8 events 
lasted 24 hours or longer (Table S3 in the Sup-
plementary Appendix). No serious adverse events 
were related to co-exposure to emicizumab and 
factor VIII. The trial was not designed to charac-
terize the factor VIII–induced hemostasis in par-
ticipants receiving emicizumab.

No new factor VIII inhibitors developed in par-
ticipants receiving emicizumab. Two participants 
who had negative results on the inhibitor assays 

Variable

Group D 
in Current Trial: 

Emicizumab Prophylaxis 
(N = 48)

Noninterventional Study: 
Factor VIII Prophylaxis 

(N = 48)

Median duration of efficacy period (range) — wk† 33.7 (20.1–48.6) 30.1 (5.0–45.1)

Annualized rate of bleeding events, model-based (95% CI)‡ 1.5 (1.0–2.3) 4.8 (3.2–7.1)

Rate ratio vs. control (95% CI) 0.32 (0.20–0.51) —

Percent difference vs. control −68§ —

Median annualized rate of bleeding events (IQR) 0.0 (0.0–2.1) 1.8 (0.0–7.6)

Percent of participants with 0 bleeding events (95% CI) 54 (39–69) 40 (26–55)

Percent of participants with 0–3 bleeding events (95% CI) 92 (80–98) 73 (58–85)

*	�Data are shown for 48 participants in group D who had participated in an earlier noninterventional study of factor VIII 
prophylaxis. In group D, these participants received emicizumab at a once-weekly dose of 1.5 mg per kilogram.

†	�The efficacy period for the noninterventional study group was defined as the time between the day of handheld-device 
activation and either the date of study withdrawal or completion, whichever occurred first.

‡	�The annualized bleeding rate was calculated with the use of a negative binomial-regression model.
§	� P<0.001 for the comparison with the noninterventional study.

Table 2. Treated Bleeding Events in Participants Receiving Emicizumab Prophylaxis (Group D), as Compared with 
Events in the Same Participants during Prophylactic Factor VIII Treatment Previously in the Noninterventional Study.*
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that had been conducted at the local site to de-
termine eligibility had detectable inhibitor in 
centrally tested baseline samples (3.7 and 3.1 
Bethesda units per milliliter); titers declined 
spontaneously during the trial. Another partici-
pant had undergone induction of immune toler-
ance in 1987 and subsequently had intermittent 
detectable inhibitor. This participant had a de-
tectable inhibitor titer at week 13 (1.6 Bethesda 
units per milliliter) that spontaneously declined 
at week 25 (0.7 Bethesda units per milliliter).

Pharmacokinetics and Immunogenicity

Effective trough plasma concentrations of emiciz
umab were sustained with the two maintenance 
doses for the duration of the trial, a finding that 
is consistent with a half-life of approximately 30 
days and with predictions that were based on an 
earlier study17 (Fig. 2). All the participants had 
sustained exposure to emicizumab, and no anti-
drug antibodies were detected.

Discussion

In the HAVEN 3 trial, subcutaneous emicizumab 
prophylaxis administered once weekly or every 
2 weeks resulted in bleeding rates that were 
significantly lower by more than 95% than the 
rate with no prophylaxis. With each randomized 
emicizumab regimen, more than 55% of the 
participants had no treated bleeding events, and 
more than 90% of the participants had three or 
fewer events. Accordingly, we observed clinically 
meaningful lower rates of all bleeding events 
and of spontaneous, joint, and target-joint bleed-
ing events, a finding that favored emicizumab 
therapy over no prophylaxis. This finding is 
further reflected by the observation that the 
percentage of participants who had a target joint 
after the initiation of emicizumab therapy was 
lower than the percentage at baseline.

The results of this trial are similar to data 
from the HAVEN 1 trial, which showed a bleed-

Variable

Group A: 
Emicizumab 
Once Weekly 

(N = 36)

Group B: 
 Emicizumab 
Every 2 Wk 

(N = 35)

Group C: 
Emicizumab 
Every 2 Wk 
(N = 16)*

Group D: 
Emicizumab 
Once Weekly 

(N = 63)
Total 

(N = 150)

Median duration of exposure  
period (range) — wk

29.3 (17.3–49.1) 30.1 (6.1–50.1) 7.1 (0.1–26.1) 33.1 (18.0–48.1) 29.0 (0.1–50.1)

No. of adverse events 143 145 19 236 543

Most common adverse events  
— no. of participants (%)†

Injection-site reaction‡ 9 (25) 7 (20) 2 (12) 20 (32) 38 (25)

Upper respiratory tract infection 4 (11) 4 (11) 0 8 (13) 16 (11)

Nasopharyngitis 2 (6) 6 (17) 0 10 (16) 18 (12)

Arthralgia 7 (19) 6 (17) 1 (6) 14 (22) 28 (19)

Headache 3 (8) 4 (11) 1 (6) 8 (13) 16 (11)

Influenza 1 (3) 3 (9) 0 5 (8) 9 (6)

No. of serious adverse events§ 1 3 0 10 14

Adverse event leading to discon- 
tinuation of treatment  
— no. of participants (%)

0 1 (3)¶ 0 0 1 (1)

*	�Data are for the period of emicizumab prophylaxis only. At the clinical cutoff date, one participant was lost to follow-up and another was 
waiting to start emicizumab therapy.

†	�Shown are events that occurred in at least 5% of all the participants who received emicizumab prophylaxis.
‡	�The injection-site events were of grade 1 or 2.
§	� Serious adverse events included a bleeding event (in four participants), cardiac disorder (in one), infection (in three), musculoskeletal disor‑

der (in three), loosening of an orthopedic device (in one), psychiatric disorder (in one), and trauma (in one). An event of nephrolithiasis oc‑
curred in one participant after the dose was increased to 3 mg per kilogram per week. None of these events were considered by the investi‑
gator to be related to emicizumab treatment.

¶	�One participant in group B discontinued treatment because of multiple low-grade adverse events (insomnia [grade 2], alopecia [grade 1], 
nightmare [grade 2], lethargy [grade 2], pruritus [grade 1], headache [grade 1], and depressed mood [grade 1]) that were considered by the 
investigator to be related to emicizumab.

Table 3. Adverse Events in Participants Receiving Emicizumab Prophylaxis, According to Trial Group.
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ing rate with emicizumab therapy that was 87% 
lower than the rate with no prophylaxis among 
adolescents or adults with inhibitors (P<0.001).13 
In the HAVEN 2 trial, 95% of children younger 
than 12 years of age had no treated bleeding 
events.14 Furthermore, in the HAVEN 1 trial, re-
ductions in the bleeding rate were observed in 
subsequent 24-week periods beyond the initial 
24-week observation period.24

The intraindividual comparison showed the su-
periority of emicizumab therapy in the HAVEN 3 
trial over the factor VIII prophylaxis that had 
been used in the noninterventional study, with a 
bleeding rate that was significantly lower by 68%. 
The robustness of these results stems from avail-
able prospectively collected and granular data 
regarding bleeding events and hemophilia medi-
cation from the two treatment periods, which had 
similar follow-up durations. Furthermore, iden-
tical definitions of bleeding events and methods 
were applied. The intraindividual comparison of-
fers a robust design controlling for patient-related 
confounders that is particularly suitable for study-

ing rare, stable diseases (e.g., hemophilia) and 
interventions without carryover effect (e.g., factor 
VIII). The validity of the noninterventional study 
as a representative comparator is confirmed by 
the examination of bleeding rates relative to 
several prospective studies of factor VIII prophy-
laxis (Table S5 in the Supplementary Appendix). 
The observed median annualized bleeding rate 
of 1.8 events in the noninterventional study was 
consistent with rates that have been shown in 
other studies (range, 0.9 to 4.1 events). A total of 
40% of the participants in the noninterventional 
study had no bleeding events, a finding that is 
consistent with the rates of 25.8 to 62.5% that 
have been reported in these pivotal studies of 
factor VIII prophylaxis, thereby confirming that 
the results of the noninterventional study are 
a  representative comparator. Furthermore, the 
similar outcomes with factor VIII prophylaxis in 
the noninterventional study and phase 3 trials of 
factor VIII show empirically that the participants 
in the noninterventional study received appropri-
ate prophylaxis.

Figure 2. Trough Plasma Concentrations of Emicizumab over Time, with Administration Once Weekly or Every 2 Weeks.

Participants in groups A and D received emicizumab at a once-weekly dose of 1.5 mg per kilogram of body weight, and those in groups B 
and C received emicizumab at a dose of 3.0 mg per kilogram every 2 weeks. The data from group C represent participants who switched 
to emicizumab prophylaxis after completing at least 24 weeks of the trial without receiving prophylaxis. Week 1 on the graph indicates 
the first administration of emicizumab, regardless of group. Data for at least one time point were missing for 17 participants in groups A 
and D (5 and 12 participants, respectively) and for 3 in group B; no participant in group C had missing data. Of these 20 participants,  
4 had data missing at two time points, and 16 had data missing at one time point. Missing data were ignored for mean calculations.  
I bars indicate 95% confidence intervals. Values are slightly offset from each other at each time point for clarity.
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Almost all the respondents to the treatment-
preference survey favored emicizumab over their 
episodic or prophylactic factor VIII regimen that 
was in place before enrollment. Approximately 
30% of the eligible participants did not complete 
the EmiPref survey because some sites were un-
aware of this separate assessment at week 17. 
Given the nature of the missing data, the analy-
sis is unlikely to be affected by selection bias. 
This observation was corroborated by the fact 
that, after 24 weeks of treatment, all the partici-
pants elected to continue emicizumab therapy.

Emicizumab had a favorable safety profile 
with no unexpected safety signals. Co-exposure 
to factor VIII at doses of 50 IU or more per kilo-
gram for 24 hours or longer was not associated 
with serious adverse events. Specifically, no throm-
botic microangiopathy or thromboembolic com-
plications occurred, and to date these events 
were observed only in the HAVEN 1 trial in 
participants with concomitant exposure to 
emicizumab and activated prothrombin complex 
concentrate.13 Owing to its higher affinity for 
activated factor IX and factor X,25 activated factor 
VIII outcompetes emicizumab for binding to its 
targets, which results in nonadditive coagulation 
potential at high concentrations of factor VIII.26 
This situation is in contrast to the synergistic 
effect on thrombin generation with combina-
tions of emicizumab and activated prothrombin 
complex concentrate.27

Effective trough concentrations of emicizumab 
were sustained with each maintenance regimen 
throughout the trial. Despite slightly lower trough 
concentrations, maintenance dosing every 2 weeks 
was associated with efficacy similar to that with 
once-weekly dosing, as predicted.17

In conclusion, the administration of emiciz
umab once weekly or every 2 weeks was associ-
ated with significantly lower bleeding rates than 
the rate with no prophylaxis. In an intraindividual 
analysis, once-weekly emicizumab prophylaxis 
led to a bleeding rate that was significantly 
lower than the rate with previous factor VIII 
prophylaxis. The effect of emicizumab prophy-
laxis on bleeding rate, its mode and frequency of 
administration, and its safety profile are reflected 
in the participants’ treatment preferences. In ad-
dition to the results from the phase 3 HAVEN 
trials,13,14,24,28 emerging data from early-phase 
studies of gene therapy with adeno-associated 
virus vectors in adults are encouraging.29-31 Al-

though it is difficult to predict how the treat-
ment approach will evolve, emicizumab therapy 
represents one option that holds promise to 
improve the care of patients with hemophilia A.
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