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KEY PO INT S

l Low ABRs were
maintained with long-
term emicizumab
prophylaxis; bleeding
into target joints
decreased
substantially and no
new ones formed.

l Emicizumab had a
favorable long-term
safety profile, with no
unexpected safety
signals or treatment-
related deaths
observed.

Prophylaxis with emicizumab, a subcutaneously administered bispecific humanized
monoclonal antibody, promotes effective hemostasis in persons with hemophilia A
(PwHAs). The primary efficacy, safety, and pharmacokinetics of emicizumabwere reported
previously, but long-term data were limited. Here, data from 401 pediatric and adult
PwHAs with/without factor VIII (FVIII) inhibitors who were enrolled in the phase 3 HAVEN
1, HAVEN 2, HAVEN 3, and HAVEN 4 studies (NCT02622321, NCT02795767,
NCT02847637, NCT03020160) have been pooled to establish a long-term efficacy, safety,
and pharmacokinetics profile. Across a median efficacy period of 120.4 weeks
(interquartile range, 89.0-164.4) (data cutoff 15 May 2020), the model-based treated
annualized bleed rate (ABR) was 1.4 (95% confidence interval [CI], 1.1-1.7). ABRs declined
and then stabilized at <1 in an analysis of 24-week treatment intervals; at weeks 121 to
144 (n 5 170), the mean treated ABR was 0.7 (95% CI, 0-5.0). During weeks 121 to 144,
82.4% of participants had 0 treated bleeds, 97.6% had £3 treated bleeds, and 94.1%
reported no treated target joint bleeds. Bleeding into target joints decreased sub-
stantially. Emicizumab was well tolerated, and no participant discontinued because of

adverse events beyond the 5 previously described. This data cutoff includes the previously reported 3 thrombotic
microangiopathies (one in the PwHA with fatal rectal hemorrhage) and 2 thromboembolic events, all associated with
activated prothrombin complex concentrate use, as well as a myocardial infarction and a venous device occlusion. With
970.3 patient-years of exposure, emicizumab prophylaxis maintained low bleed rates in PwHAs of all ageswith/without
FVIII inhibitors and remains well tolerated, with no new safety concerns identified. (Blood. 2021;137(16):2231-2242)

Introduction
Persons with hemophilia A (PwHAs) have a deficiency in co-
agulation factor VIII (FVIII), resulting in spontaneous and trau-
matic bleeding, most commonly into joints, muscles, and soft
tissues; intracranial bleeding can be life-threatening.1,2 Without
adequate prophylaxis, recurrent joint bleeding results in he-
mophilic arthropathy, which is the most serious long-term
complication.3 FVIII prophylactic infusions have high treatment
burden (typically requiring $2 time-consuming infusions every
week and often hindered by poor venous access) and can

contribute to reduced adherence.4 For 25% to 30% of previously
untreated PwHAs with a severe phenotype, treatment is further
complicated by the development of FVIII inhibitors, which
render FVIII replacement therapies ineffective.5

Emicizumab improves hemostasis by bridging activated FIX and
FX to substitute for the function of missing activated FVIII.6,7 It
has been demonstrated to be effective for the prevention of
bleeds in PwHAs with or without FVIII inhibitors when admin-
istered subcutaneously once weekly, once every 2 weeks, or
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once every 4 weeks.8-11 The efficacy and safety of emicizumab
across a broad population of children and adults with hemophilia
A, with or without FVIII inhibitors, have been demonstrated in
the HAVEN clinical trials (HAVEN 1 [NCT02622321], HAVEN
2 [NCT02795767], HAVEN 3 [NCT02847637], HAVEN 4
[NCT03020160]).8-11 During the primary analyses of HAVEN
1-4 (supplemental Table 1, available on the Blood Web site),
emicizumab prophylaxis resulted in marked reductions in annu-
alized bleeding rates (ABRs) of treated bleeds, irrespective of FVIII
inhibitor status, and the majority of participants (54% to 90%)
receiving emicizumab in each study did not report any treated
bleeds.8-11

Emicizumab was well tolerated in the HAVEN trials, with a fa-
vorable overall safety profile. The most common related adverse
events (AEs) were injection-site reactions (ISRs; observed in 15%
to 31% of participants across studies); no ISR required treatment
modification.8-11 The development of antidrug antibodies (ADAs)
with neutralizing potential was rare (,1%); 3 participants de-
veloped ADAs with neutralizing potential (HAVEN 1, n 5 1;
HAVEN 2, n 5 2) and displayed a decline in pharmacokinetics
(PK). Of these, 1 participant discontinued treatment because of a
loss of efficacy.12 In HAVEN 1, 3 participants experienced throm-
botic microangiopathies (TMAs), and 2 experienced thromboem-
bolic events (TEs); all TMAs and TEs occurred in participants who
received, on average, a cumulative dose .100 U/kg per 24 hours
of activated prothrombin complex concentrate (aPCC) for $24
hours.8 One of these participants experienced a fatal rectal hem-
orrhage that was considered unrelated to emicizumab; the TMA
was resolving at the time of death.13 At the time of primary analysis,
no fatality, TMA, or TE was reported in HAVEN 2, HAVEN 3, or
HAVEN 4.9-11

Because emicizumab is the first nonfactor therapy with a novel
mechanism of action approved for prophylaxis in hemophilia
A,14 documentation of its long-term safety and efficacy is es-
pecially important. Here, we report the long-term safety, effi-
cacy, and PK of emicizumab in PwHAs across HAVEN 1-4. The
cutoff date for the current analysis (15 May 2020) expands upon
the original cutoff dates for the primary publications of HAVEN 1
(25 October 2016), HAVEN 2 (30 April 2018), HAVEN 3 (15
September 2017), and HAVEN 4 (15 December 2017).8-11

Methods
Study design, participants, and data collection
Pooled data from long-term follow-up of HAVEN 1-4 are used to
provide an aggregated analysis of efficacy and safety. For all
participants to remain on study to obtain long-term data, HAVEN
3 and HAVEN 4 studies were extended from their original an-
ticipated completion dates of 30 September 2019 and 31 De-
cember 2019, respectively. All HAVEN studies are ongoing
for participants who are unable to access emicizumab in their
country.

HAVEN 1-4 are phase 3 multicenter open-label studies. Indi-
vidual study designs, locations, inclusion and exclusion criteria,
methods, and types of data collected have been reported
previously8-11 and are briefly outlined in Figure 1.

All adult participants provided written informed consent prior to
study entry. For participants,18 years of age, informed consent
was provided by a parent or legally authorized representative,
along with informed assent in those ages 8 to 17 years. Each
study protocol was approved by the relevant independent ethics
committee/institutional review board at each participating in-
stitution, and the study was conducted in accordance with the
principles of the Declaration of Helsinki and Good Clinical
Practice.15

Data were collected consistently across all 4 studies via the Bleed
and Medication Questionnaire.

End points
End points across the HAVEN program were aligned during
study conception,8-11 which allowed for pooling in this analysis.
Efficacy end points included treated bleeds as the primary end
point, and all bleeds, treated spontaneous bleeds, treated joint
bleeds, and treated target joint bleeds were the secondary end
points. The percentages of participants with 0 treated bleeds or
0 to 3 treated bleeds, as well as the proportion of resolved target
joints, were also evaluated. Target joint resolution was defined
as#2 spontaneous or traumatic bleeding events in 52 weeks in a
joint previously defined as a target joint (eg, had$3 bleeds over
24 weeks; supplemental Methods).16

In addition, this pooled analysis evaluates the annualized in-
fusion rate (AIR) for PwHAs without FVIII inhibitors, which in-
cluded infusions of extended or standard half-life FVIII used to
treat a bleed; this was also calculated for PwHAs with FVIII in-
hibitors taking aPCC and/or recombinant activated FVII (rFVIIa).
Safety end points included the incidence of AEs, serious AEs
(SAEs), TEs, and TMAs. PK end points included the mean trough
concentration of emicizumab over time. Long-term immuno-
genicity (ie, development of ADAs with or without neutralizing
potential) was evaluated but will be reported separately.12

Statistical analysis
In this descriptive analysis, data (beyond the primary analysis)
from HAVEN 1-4 (data cutoff date: 15 May 2020) were pooled to
establish a comprehensive efficacy and safety profile of emici-
zumab. Only data from participants with $1 postbaseline as-
sessment were included in the analysis.

Treated bleeds, all bleeds, treated spontaneous bleeds, treated
joint bleeds, and treated target joint bleeds are presented as
medians, calculated mean ABRs, and model-based ABRs via a
negative-binomial regression model, as in the primary analyses.8

In this long-term analysis, mean ABRs were calculated from data
pooled across HAVEN 1-4 in discrete consecutive 24-week time
intervals, whereas model-based ABRs were used for variable
time periods (ie, when considering bleeds across the entire study
period), because this method takes into account the varying time
periods for each individual. For each 24-week interval, only
participants exposed to emicizumab (through uptitration for
those who were uptitrated) during the entire time interval were
available for inclusion in the relevant ABR calculations. Each
24-week interval required available data from $10 participants
for the calculation of ABR; data for time intervals with ,10
participants are not reported. Confidence intervals (CIs) were
obtained via exact Poisson and Clopper-Pearson methods,
where indicated. AIR or annualized consumption was calculated
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by dividing the FVIII, aPCC, or rFVIIa amount administered within
the time interval or efficacy period by the duration of that period
in days, multiplied by 365.25. Participants who received FVIII
prophylaxis prior to enrollment in HAVEN 3 (arm D) and HAVEN
4 were allowed to continue it for 1 week after the start of emi-
cizumab. Therefore, their FVIII consumption data for the first week
of emicizumab prophylaxis were excluded. Also, for participants
randomized to the control arms in HAVEN 1 and HAVEN 3,
only the data after initiation of prophylaxis were used in the
analysis.

Consistent with the International Society on Thrombosis and
Haemostasis definition, target joints were defined as major joints
(eg, hip, elbow, wrist, shoulder, knee, and ankle) in which $3
bleeding events occurred over a 24-week period.16 Because
assessment of target joint resolution is across $52 weeks, par-
ticipants eligible for this analysis had to have received$52 weeks
of emicizumab (through uptitration, if applicable).

The efficacy period for each individual started on the first day of
emicizumab prophylaxis (at the beginning of the study for
participants randomized to an active arm and later on for those
randomized to a control arm). The efficacy period ended at the
date of clinical cutoff, the day of study withdrawal, or the day
before uptitration, whichever occurred first. For participants
randomized to an active arm who withdrew before dosing, the
efficacy period started and ended on the day of enrollment (ie,
an efficacy period of 1 day).

Data analyses were conducted by study statisticians and clinical
pharmacologists (employed by the sponsor) who vouch for the
completeness and accuracy of the statistical analyses. Data were
made available to all authors, who confirm adherence to the
protocol and statistical analyses plans.

Results
Participant demographics
In total, 401 participants were enrolled in HAVEN 1-4 (Figure 2).
Of these, 400 participants were included in the efficacy analyses;
1 participant in HAVEN 3, who was randomized to the no
prophylaxis arm (arm C), was lost to follow-up, received no
emicizumab treatment, and is not included. One additional
participant in HAVEN 1 who was randomized to an active arm
(arm A) discontinued prior to emicizumab treatment. This par-
ticipant is included in the efficacy population (n 5 400) but was
excluded from the safety population (n 5 399).8,10 To date, 244
participants have completed the studies, of whom 242 continue
to receive emicizumab in an alternate setting (eg, commercial or
posttrial access program.)

Baseline demographics and clinical characteristics are described
for the 401 enrolled participants (Table 1). The population in-
cludes adults ($18 years; n 5 269; 67.1%) and children and
adolescents (n5 132; 32.9%). Also included are those with FVIII
inhibitors (n5 209; 52.1%) and those without (n5 192; 47.9%).8-11

The median duration of the efficacy period was 120.4 weeks
(interquartile range [IQR], 89.0-164.4), and a total of 970.3 patient-
years of emicizumab exposure was included. Across HAVEN 1-4,
61.0% of participants had target joints before study entry, and
there was a median of 8.0 (IQR, 5.0-15.0) bleeding events in the
24 weeks prior to study entry (Table 1).

Overall, 11 participants discontinued treatment: 4 because of
AEs, 1 because of lack of efficacy alongside an SAE, and 6
because of other reasons (eg, lost to follow-up, personal reasons,
physician decision). The 4 who discontinued because of AEs
(alopecia/pruritus/skin necrosis, headache/lethargy, depressed
mood/insomnia/nightmare, and superficial thrombophlebitis)
were described in the primary analyses.8-11 The participant who
discontinued because of lack of efficacy was also described

Adult/adolescent
(12 years) PwHA

with FVIII inhibitors
N = 113

Emicizumab‡

1.5 mg/kg QW

HAVEN 1
NCT02622321

Open-label, randomized study*

Adult/adolescent
(12 years) PwHA

with or without FVIII
inhibitors
N = 48

Emicizumab‡

6.0 mg/kg Q4W

HAVEN 4
NCT03020160

Open-label, nonrandomized study

Pediatric§

(12 years) PwHA
with FVIII inhibitors

N = 88

Emicizumab‡

1.5 mg/kg QW
3.0 mg/kg Q2W
6.0 mg/kg Q4W

HAVEN 2
NCT02795767

Open-label, nonrandomized study

Adult/adolescent
(12 years) PwHA

without FVIII inhibitors
N = 152

Emicizumab‡

1.5 mg/kg QW
3.0 mg/kg Q2W

HAVEN 3
NCT02847637

Open-label, randomized study†

Figure 1. Study overview for HAVEN 1, HAVEN 2, HAVEN 3, and HAVEN 4.8-11 *Participants receiving episodic bypassing agents prior to study entry were randomized to
emicizumab prophylaxis (arm A) or no emicizumab (arm B, control), and those receiving prophylactic bypassing agents prior to study entry received emicizumab prophylaxis (arm
C). After completing the first 24 weeks of the trial, participants in the control arm (arm B) could receive emicizumab prophylaxis. A fourth arm also receiving emicizumab
prophylaxis (arm D) consisted of participants enrolled after arms A through C closed. †Participants receiving episodic FVIII prior to study entry were randomized (2:2:1) to
emicizumab once weekly (arm A), emicizumab every 2 weeks (arm B) or no prophylaxis (arm C, control), and those receiving prophylactic FVIII prior to study entry received
emicizumab once weekly (arm D). ‡Maintenance doses. With the exception of the HAVEN 4 PK run-in cohort (n5 7), all maintenance doses were preceded by loading doses of
3.0mg/kg once weekly for 4 weeks. §Adolescents aged 12 to 17 years were also eligible to enroll in HAVEN 2 if they weighed,40 kg; 3 participants were aged 12 to 17 years. QW,
once weekly; Q2W, once every 2 weeks; Q4W, once every 4 weeks.
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previously; the SAE that contributed to withdrawal from treat-
ment was presence of neutralizing ADAs.9 During the long-term
follow-up period, no other participants withdrew because
of AEs.

Efficacy
Compliance Long-term compliance in reporting bleeds and
medications was .90% across all 4 studies. Bleed and Medi-
cation Questionnaires were completed on 94.1% of 95 788
available days in HAVEN 1, 90.9% of 60 676 available days in
HAVEN 2, 94.8% of 147 493 available days in HAVEN 3, and
93.4% of 40 830 available days in HAVEN 4.

Treated bleeds Across HAVEN 1-4, the model-based ABR for
treated bleeds over the entire study period was 1.4 (95% CI, 1.1-
1.7). In all 4 studies, the calculated mean ABR for treated bleeds
generally decreased over successive 24-week treatment inter-
vals (Figure 3; supplemental Table 2). The median ABR for
treated bleeds was maintained at 0 throughout the study period.

Weeks 121 to 144 is the latest 24-week time interval with pooled
data robustly representing HAVEN 1-4. During this period, 97.6%
(n 5 170) of participants taking emicizumab had #3 treated
bleeds, with 82.4% of participants reporting 0 treated bleeding
events (Figure 4; supplemental Table 2). ABRs for treated bleeds
in PwHAs with FVIII inhibitors (HAVEN 1 and HAVEN 2), PwHAs
without FVIII inhibitors (HAVEN 3), or a mixture of PwHAs with or
without inhibitors (HAVEN 4) showed similar emicizumab efficacy,
irrespective of FVIII inhibitor status (Figure 3). Although ABRs in
HAVEN 4 appeared to be higher in later time intervals, in general,
ABRs remainedwell,2, regardless of study and time interval, and
the overall model-based ABR in HAVEN 4 (1.8 [negative binomial
model-based ABR]; 95% CI, 1.2-2.9) is comparable with that in
HAVEN 3 (1.2 [negative binomial model-based ABR]; 95% CI, 0.9-
1.6) and HAVEN 1 (2.4 [negative binomial model-based ABR];
95% CI, 1.5-3.9).

All bleeds All bleeds included untreated bleeds and those
treated with coagulation factor products. Over the entire study

Screened
(n = 412)

Enrolled
(n = 401)

Assigned to study
treatment
(n = 400)

Received study
treatment
(n = 399)

Analyzed in pooled
population

[Efficacy population
(n = 400)]

Safety population
(n = 399)

Remained on study
at data cut-off

(n = 144)

Enrollment

Follow-up

Analysis

Lost to follow-up (n = 1)
–  One participant in HAVEN 3 was assigned to 'no
    prophylaxis' but left prior to receiving emicizumab
    and was therefore not treated; hence was excluded
    from the efficacy and safety analyses

–   Switched to other medication (n = 3)
–   Unknown/other reason for discontinuation (n = 8)

Discontinued from study or treatment (n = 11)

–  Switched to commercial emicizumab (n = 228)
–  Transferred to post-trial access program (n = 14)
–  Switched to other medication (n = 2)

Completed study and treatment (n = 244)

–  One participant in HAVEN 1 assigned to an active
    arm, discontinued prior to first emicizumab
    treatment and was excluded from the safety
    analyses

Did not receive allocated intervention (n = 1)

Figure 2. Participant disposition (total population).
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duration, the model-based ABR for all bleeds across HAVEN 1-4
was 2.6 (negative binomial model-based ABR) (95% CI, 2.2-3.1).
The calculated mean ABR for all bleeds decreased with each
consecutive 24-week treatment interval (Table 2), and the cal-
culated median ABR for all bleeds was 0 across all 24-week time
intervals. The proportion of participants with 0 all bleeds in-
creased over each treatment interval. At weeks 121 to 144,
74.1% of participants had 0 all bleeds, and 97.6% had #3 all
bleeds.

Treated spontaneous bleeds Across HAVEN 1-4, the model-
based ABR for treated spontaneous bleeds was 0.6 (negative
binomial model-based ABR) (95% CI, 0.4-0.8) over the entire

study period, and the calculated mean ABR showed an initial
reduction that was maintained over time (Table 2). The calcu-
lated median ABR for treated spontaneous bleeds was 0 across
all 24-week time intervals. Across all studies, the proportion of
participants with 0 treated spontaneous bleeds increased at the
start and was maintained at .91% in subsequent treatment
intervals. At weeks 121 to 144, 91.8% of participants had 0 treated
spontaneous bleeds, and 99.4% reported #3 treated sponta-
neous bleeds.

Treated joint bleeds The model-based ABR for treated joint
bleeds was 0.9 (negative binomial model-based ABR) (95% CI,
0.7-1.2) across all studies over the entire study period, and the

Table 1. Baseline demographics and disease characteristics across HAVEN 1-4 clinical trials

HAVEN 1 HAVEN 2 HAVEN 3 HAVEN 4 Total

Patients enrolled, n* 113 88 152 48 401

Participants in ITT group (efficacy
population), n

113 88 151† 48 400

Participants treated with emicizumab (safety
population), n

112‡ 88 151† 48 399

Duration of exposure, median (IQR), wk 109.3 (92.1-167.1) 92.1 (68.3-124.4) 163.4 (108.1-170.4) 150.6 (84.4-153.0) 120.4 (89.0-164.4)

Total patient-years of emicizumab exposure 270.5 166.1 417.5 116.2 970.3

Age
Median (range), y 29.0 (12-75) 7.0 (1-15) 38.0 (13-77) 38.0 (14-68) 28.0 (1-77)
,18 y, n (%) 32 (28.3) 88 (100) 8 (5.3) 4 (8.3) 132 (32.90)
$65 y, n (%) 5 (4.4) 0 (0) 5 (3.3) 3 (6.3) 13 (3.2)

Race, n (%)
White 75 (66.4) 54 (61.4) 102 (67.1) 36 (75.0) 267 (66.6)
Asian 21 (18.6) 13 (14.8) 32 (21.0) 10 (20.8) 76 (19.0)
African American 11 (9.7) 12 (13.6) 8 (5.3) 1 (2.1) 32 (8.0)
Other or unknown 6 (5.3) 9 (10.2) 10 (6.6) 1 (2.1) 26 (6.4)

Previous treatment regimen, n (%)
Episodic 64 (56.6) 22 (25.0) 88 (58.3) 18 (37.5) 192 (48.0)
Prophylactic 49 (43.4) 66 (75.0) 63 (41.7) 30 (62.5) 208 (52.0)

FVIII inhibitors at baseline, n (%)
Yes 113 (100) 88 (100) 0 (0) 8 (16.7) 209 (52.1)
No 0 (0) 0 (0) 152 (100) 40 (83.3) 192 (47.9)

Previously underwent immune tolerance
induction therapy, n (%)

58 (51.3) 63 (71.6) 0 (0)§ 6 (12.5) 127 (31.7)

Bleeds in 24 wk prior to study entry, median
(IQR), n

10.0 (6.0-17.0) 6.0 (3.5-9.0) 9.0 (3.0-17.0) 5.0 (2.0-10.5) 8.0 (5.0-15.0)

Presence of target joints¶ at baseline, n (%) 77 (68.8) 34 (38.6) 102 (67.1) 31 (64.6) 244 (61.0)

Data are from Oldenburg et al,8 Young et al,9 Mahlangu et al,10 and Pipe et al.11

ITT, intent-to-treat.

*The demographics table is based on those who enrolled (N 5 401). Participants included in the efficacy analysis only (N 5 400).

†One participant in HAVEN3 assigned to no prophylaxis was lost to follow-up prior to the switch to emicizumab and, therefore, was not treated. This patient was excluded from the efficacy and
safety analyses.

‡One participant in HAVEN 1 assigned to an active arm discontinued prior to first emicizumab treatment and was excluded from the safety analyses.

§Historic immune tolerance induction therapy information was not recorded explicitly in the case report form for this noninhibitor study. However, 1 HAVEN 3 participant is known to have
undergone immune tolerance induction therapy in 1987, because this information was listed as previous/concomitant medications for the participant.

¶In line with International Society on Thrombosis and Haemostasis definitions,16 target joints were defined as major joints (eg, hip, elbow, wrist, shoulder, knee, and ankle) in which $3
spontaneous bleeding events occurred over a 24-week treatment period.
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mean calculated ABR for treated joint bleeds was 1.4 (95% CI,
0.1-6.2) from weeks 1 to 24, decreasing to 0.4 (95% CI, 0-4.5) by
weeks 121 to 144 (Table 2). The calculated median ABR for
treated joint bleeds was 0 across all 24-week time intervals.
Across all studies, the proportion of participants with 0 treated
joint bleeds reached 90.0% by weeks 121 to 144. A total of
98.2% of participants (167/170) at weeks 121 to 144 reported#3
treated joint bleeds.

Treated target joint bleeds The model-based ABR for treated
target joint bleeds was 0.5 (negative binomial model-basedABR)
(95% CI, 0.4-0.7) across all studies over the entire study period,
and the mean calculated ABR for treated target joint bleeds was
0.8 (95%CI, 0-5.2) fromweeks 1 to 24, decreasing to 0.2 (95%CI,
0-4.1) by weeks 121 to 144 (Table 2). The calculated median ABR
for treated target joint bleeds was 0 across all 24-week time
intervals.

At baseline, 244 of 401 enrolled participants (61.0%) had target
joints (Table 1). Of those evaluable (ie, with $52 weeks of emi-
cizumab prophylaxis up to any uptitration), 202 of 226 (89.4%)
participants did not have any spontaneous or traumatic bleeding
into a target joint while receiving emicizumab (Table 3). Indeed,
during weeks 121 to 144, 160 of 170 (94.1%) participants re-
ported 0 treated target joint bleeds, and 169 of 170 (99.4%) had
#3 treated target joint bleeds. At the clinical cut off, 95.1% of the
530 target joints observed at baseline in the evaluable pop-
ulation had resolved across all 4 studies (Table 3).

FVIII use The mean AIR for FVIII treatment of bleeds among
participants without FVIII inhibitors in the efficacy analysis was
3.7 (95% CI, 0.9-9.7). Although AIR fluctuated, a general and
modest decline was seen over time, resulting in an AIR for
treatment of bleeds of 2.5 (95% CI, 0.4-8.0) at weeks 121 to 144
(Table 4).
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Examination of FVIII annualized consumption in PwHAs without
FVIII inhibitors revealed that the use of FVIII to treat bleeds gen-
erally decreased over time, from a mean of 101.6 (95% CI, 82.8-
123.4) U/kg at weeks 1 to 24 to a mean of 71.5 (95% CI, 55.9-90.2)
U/kg at weeks 121 to 144, with some fluctuations in between.

rFVIIa and aPCC use The mean AIR for rFVIIa treatment of
bleeds in PwHAs with FVIII inhibitors was 2.7 (95% CI, 0.5-8.4).
Examination of rFVIIa annualized consumption per patient revealed
that usage to treat bleeds tended to decrease over time from a
mean of 657.9mg/kg (95%CI, 608.5-710.1) at weeks 1 to 24 to 93.5
mg/kg (95% CI, 75.5-114.5) at weeks 121 to 144, with some fluc-
tuations (Table 5).

The mean AIR for aPCC used to treat bleeds in PwHAs with
FVIII inhibitors was 0.4 (95% CI, 0-4.6), and it also generally
decreased over time. Annualized mean consumption of aPCC
per patient decreased considerably from 87.8 U/kg (95% CI,
70.4-108.2) during weeks 1 to 24 to 11.6 (95% CI, 5.9-20.5)
U/kg during weeks 25 to 48, and then to 2.9 (95% CI, 0.6-8.7)
U/kg during weeks 49 to 72, with no aPCC consumed during
weeks 121 to 144 (Table 5). This reflects amendments to
recommendations regarding the concomitant use of aPCC
with emicizumab after TMA and TEs were noted in HAVEN 1;
therefore, the drop in mean AIR for aPCC by a 24-week period
cannot be interpreted as a measure of emicizumab efficacy.
Of note, at the time of the release of these recommendations
(17 October 2016), the median exposure of the 113 HAVEN 1
participants who were dosed with emicizumab was 20 weeks
(IQR, 7-31). In addition, 20 participants were already enrolled
in HAVEN 2 (median exposure, 12 weeks). In HAVEN 4, no
participants with FVIII inhibitors were exposed at that time.

Safety
Overall, 381 of the 399 participants (95.5%) in the safety pop-
ulation reported $1 AE during a median exposure of 130.3
(range, 3.4-221.1) weeks (Table 6). The most common AE was
nasopharyngitis (n 5 126; 31.6%; supplemental Table 3). The
most common treatment-related AE was ISR (n 5 107; 26.8%);
the majority of all ISRs (treatment related or not) were mild
(104/111; 93.7%) and occurred during the first 24 weeks (93/111;
83.8%). The proportion of participants with ISRs declined over
time to,1% of the total number in the safety population, and no
participants discontinued emicizumab because of an ISR. The
only other treatment-related AEs that occurred in $1% of par-
ticipants were headache (n 5 4; 1%) and indeterminable ABO
blood type (n 5 6; 1.5%).

In total, 144 SAEs occurred in 93 participants. Bleeding-related
SAEs that triggered hospitalization were reported in 32 participants
and included the preferred term “hemorrhage,” “hemarthrosis,”
“hematoma,” or “hematuria” (and variations thereof specifying
location), according to investigator description. Six participants
(1.5%) had treatment-related SAEs: cavernous sinus thrombosis,
neutralizing antibodies, skin necrosis, and superficial thrombo-
phlebitis (n5 1 each) and TMAs (n5 3). All 3 TMAs and 2 of 4 TEs
were associated with concomitant aPCC use (Table 6), and all were
reported previously in HAVEN 1.8 The 2 TEs not associated with
concomitant aPCC use (device occlusion of a peripherally inserted
central catheter and acutemyocardial infarction [MI]) were reported
on day 196 (HAVEN 1) and on day 1017 (HAVEN 3), respectively.
Both were assessed as unrelated to emicizumab by the investi-
gators, both resolved, and each individual continued emicizumab.
The person with the nonserious device occlusion had a history of
device-related thrombosis before receiving emicizumab. The per-
son with MI was older than 65 years, had previously undiagnosed
coronary artery disease, was treated for the event, and recovered

Table 3. Target joint resolution with emicizumab prophylaxis by study

HAVEN 1
(n 5 113)

HAVEN 2
(n 5 88)

HAVEN 3
(n 5 151)

HAVEN 4
(n 5 48)

Total
(N 5 400)

Evaluable participants with target joints at
baseline*

68 (60.2) 33 (37.5) 96 (63.6) 29 (60.4) 226 (56.5)

Target joints at baseline among evaluable
participants, n

159 57 237 77 530

Proportion of evaluable participants with no
spontaneous or traumatic bleeds in target
joints

63 (92.6) 32 (97.0) 81 (84.4) 26 (89.7) 202 (89.4)

Target joints with 0 spontaneous or
traumatic bleeds among target joints from
evaluable participants

154 (96.8) 56 (98.2) 218 (92.0) 70 (90.9) 498 (94.0)

Target joints resolved among target joints
from evaluable participants†

155 (97.5) 56 (98.2) 223 (94.1) 70 (90.9) 504 (95.1)

Target joints resolved among target joints
from evaluable participants‡

156 (98.1) 57 (100) 234 (98.7) 76 (98.7) 524 (98.9)

Unless otherwise stated, data are n (%).

*Evaluable participants are those with $52 weeks of emicizumab prophylaxis (up to uptitration, if applicable). Of those, participants with target joints at baseline are shown.

†Target joint resolution was defined as #2 spontaneous or traumatic bleeding events in a 52-week period in a joint previously defined as a target joint.

‡Alternative target joint resolution definition: #2 spontaneous bleeding events in a 52-week period in a joint previously defined as a target joint.
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with reduced heart function. No deaths were observed beyond the
one caused by rectal hemorrhage that was described in theHAVEN
1 primary analysis.8,13

Pharmacokinetics
As reported in the primary analyses, mean emicizumab trough
concentrations ;50 mg/mL were achieved by week 5 following
loading dosing across all studies. With maintenance doses of
1.5mg/kg once weekly, 3mg/kg once every 2 weeks, or 6mg/kg
once every 4 weeks, efficacious plasma trough concentrations
.30 mg/mL were sustained for the duration of exposure (sup-
plemental Figure 1). Although the mean plasma trough con-
centration with emicizumab, 6 mg/kg once every 4 weeks,
remained below those observed with more frequent dosing
regimens, 95% CIs generally overlapped, and bleed protection
was sustained throughout the follow-up period.

Discussion
In the primary analyses of the HAVEN studies, emicizumab
prophylaxis resulted in statistically significant and clinically
meaningful reductions in ABRs across bleed-related end points,
regardless of age, FVIII inhibitor status, or dosing regimen.8-10 In
this pooled analysis of HAVEN 1-4, ABRs continued to decrease
with ongoing emicizumab treatment and were maintained at,1
after 24 weeks of prophylaxis. During weeks 121 to 144, the vast

majority (99.4%) of participants had #3 treated target joint
bleeds, and 82.4% (140/170) of participants did not report any
treated bleeds. Furthermore, the proportion of participants with
#3 treated bleeds (spontaneous, joint, and all) within successive
24-week intervals approached 100% within 1 year from emici-
zumab initiation and was maintained for .2 years; this may
reflect improved joint health achieved through the reduction in
recurrent hemarthroses.17 Across all 4 studies, bleeding into
target joints decreased substantially (Table 3), and 85.9% to
94.1% of participants did not have any target joint bleeds across
24-week time intervals up to 144 weeks (Table 2), suggesting
improved bleed control and resolution of joint morbidity as
observed in HAVEN 3.17 It is important to note that compliance
in bleeds/medications reporting remained .90% throughout
participation in the studies.

Across each 24-week treatment interval, the ABR for treated
bleeds was similar among PwHAs with and without FVIII inhib-
itors (Figure 3). Likewise, ABRs in adolescents and adults in
HAVEN 1 and HAVEN 3 stabilized around the level reported in
pediatric participants in HAVEN 2 by the treatment interval
containing weeks 73 to 96; this trend was seen as early as
24 weeks following initiation of emicizumab prophylaxis. ABRs in
HAVEN 4, which evaluated a once-every-4-weeks regimen, were
slightly higher across the 24-week treatment intervals compared
with the other HAVEN studies (Figure 3). This may be due to an

Table 4. Pooled AIR and cumulative amount of FVIII in PwHAs without FVIII inhibitors across 24-week treatment
intervals in the HAVEN 3 and 4 studies

Treatment for bleed
Weeks
1-24

Weeks
25-48

Weeks
49-72

Weeks
73-96

Weeks
97-120

Weeks
121-144

Evaluable participants, n 186 182 175 154 127 112

FVIII AIR 3.3 (0.8-9.2) 3.7 (0.9-9.8) 3.4 (0.8-9.4) 2.1 (0.3-7.4) 2.0 (0.2-7.2) 2.5 (0.4-8.0)

FVIII, U/kg 101.6 (82.8-123.4) 107.6 (88.3-130.0) 100.4 (81.7-122.1) 62.9 (48.3-80.5) 56.7 (42.9-73.5) 71.5 (55.9-90.2)

Unless otherwise noted, data are mean (95% CI).

A total of 191 PwHAs without FVIII inhibitors were included in the efficacy analysis, because 1 participant in HAVEN 3 assigned to no prophylaxis was lost to follow-up and not treated. This
patient was excluded from the efficacy analysis.

Table 5. Pooled annualized consumption of rFVIIa and aPCC in PwHAs with FVIII inhibitors across 24-week treatment
intervals in the HAVEN 1, HAVEN 2, and HAVEN 4 studies

Treatment
for bleed

Weeks
1-24

Weeks
25-48

Weeks
49-72

Weeks
73-96

Weeks
97-120

Weeks
121-44

Evaluable
participants, n

203 192 167 125 79 57

rFVIIa AIR 5.1 (1.7-11.9) 1.2 (0.1-5.9) 2.0 (0.3-7.3) 2.3 (0.4-7.8) 2.2 (0.3-7.6) 1.4 (0.1-6.3)

rFVIIa consumption,
mg/kg

657.9 (608.5-710.1) 114.3 (94.3-137.3) 202.2 (175.3-232.1) 147.3 (124.5-173.1) 171.4 (146.7-199.1) 93.5 (75.5-114.5)

aPCC AIR 1.2 (0.1-6.0) 0.5 (0-4.7) 0.1 (0-3.9) 0 (0-3.8) 0 (0-3.8) 0*

aPCC consumption,
U/kg

87.8 (70.4-108.2) 11.6 (5.9-20.5) 2.9 (0.6-8.7) 0.5 (0-4.7) 0.3 (0-4.3) 0*

Unless otherwise noted, data are mean (95% CI).

*95% CIs are not reported when all participants had a value of 0.
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outlier with 18 bleeds (as previously reported)11 combined with
the relatively small number of participants in the study. Indeed,
smaller sample sizes are subject to variability. The overall con-
clusion from the primary analysis of HAVEN 4 was that emici-
zumab administered once every 4 weeks provided sustained
clinically meaningful bleed prevention11; this is consistent with 2
other phase 3 studies (HAVEN 5 and HOHOEMI) evaluating the
once-every-4-weeks regimen, with ABRs of 1.0 (95% CI, 0.5-1.8)
and 0.7 (95% CI, 0.2-2.6), respectively.18,19

We provide exploratory observations regarding FVIII use, with
the caveat that change in factor VIII consumption is dependent
on the ways in which the data are analyzed. Our pooled analysis
of nearly 200 participants without FVIII inhibitors suggests that
annualized consumption of FVIII tended to decrease over time.
Similarly, the consumption of rFVIIa also generally decreased
over time. As expected, in line with recommendations on the
concomitant use of aPCC with emicizumab, aPCC consumption
was ;0 for the latter half of this long-term analysis.

Emicizumab exhibited a consistently favorable long-term safety
profile, with no unexpected or new safety signals. No fatalities or
TMAs were reported across HAVEN 1-4, beyond those de-
scribed in the HAVEN 1 primary analysis.8 Of 4 TEs reported,
2 were associated with concomitant aPCC use (cavernous sinus

thrombosis and skin necrosis–superficial thrombophlebitis)
during HAVEN 1. Of the 2 not associated with concomitant
aPCC, device occlusion was reported in HAVEN 1 during weeks
25 to 48, and acute MI was reported in HAVEN 3 during weeks
145 to 168. Following the identification of TMA and TEs in
association with the administration of high doses of aPCC during
HAVEN 1, study protocols for HAVEN 1-4 were amended to
recommend avoiding coadministration of emicizumab and
aPCC.

The limitations of this analysis are the same as those outlined in
the respective primary article for each study.8-11 Additional
limitations include those associated with pooling of study data,
which, for example, had slightly different definitions for joint
bleeds. As noted in "Methods," each of the studies had different
population characteristics (eg, age, FVIII inhibitor status) and,
therefore, different joint disease. Also, there are limitations as-
sociated with long-term analyses, such as reporting fatigue and
attrition resulting from participants switching to commercial
product.

In summary, long-term safety and efficacy data for emicizumab
are consistent with the findings of the primary analyses and
indicate that PwHAs treated with emicizumab continue to ex-
perience improvements in the control of bleeding events and
target joint resolution. Emicizumab continued to demonstrate a
favorable safety profile, with no discontinuations due to AEs, and
no deaths or TMAs beyond those reported in the primary
analyses. This, coupled with the marked reduction in treatment
burden afforded by subcutaneous administration once weekly,
once every 2 weeks, or once every 4 weeks, makes emicizumab
prophylaxis an efficacsious and well-tolerated option for im-
proving the care of PwHAs.
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