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In hemophilia, it just
keeps getting better
Aric Parnes | Brigham and Women’s Hospital

Long-term follow-up for novel therapies is essential to confirm initial safety
and efficacy data, but how often does that long-term follow-up show better
results than the initial studies? In this issue of Blood, a 2-year follow-up to the
HAVEN trials by Callaghan et al1 studying emicizumab for prophylaxis in
severe hemophilia A with and without inhibitors has done just that.

Emicizumab is a bispecific antibody that
binds factors IXa and X to mimic the
function of factor VIII. Its appeal comes
down to 3 large breakthroughs that each
on its own might have shifted patient
choice. First, emicizumab is not recog-
nized by inhibitors of factor VIII because
it is NOT factor VIII. This allows it to func-
tion in patients with and without inhibi-
tors, a clear victory for inhibitor patients
who have previously had inferior thera-
peutic options. Second, emicizumab is
administered subcutaneously, a major
improvement compared with the IV route
of traditional factor concentrates. Third,
the half-life of 30 days is an enormous
leap from 12 to 24 hours of factor VIII
concentrates, including extended half-
life products. However, these characteris-
tics say little about its efficacy and safety.

The HAVEN 1 to 4 trials2-5 divided pa-
tients into randomized arms by age (,12
and 121), inhibitor status, and dosing
schedule (weekly, every other week, or
every 4 weeks). Compared with the pa-
tients using factor VIII or bypass agents

for prophylaxis, annualized bleeding
rates (ABRs) improved with emicizumab
by 79%, 99%, and 68% in HAVEN 1 to 3,
respectively.

In the current update, Callaghan et al
followed the patients from HAVEN 1 to 4
for 2 years and found ABR declining over
time. Using pooled data between studies,
the mean ABR for all bleeds fell from 3.3
in thefirst 24-weekperiod to 1.0 in thefinal-
week period (see figure). This improved
trend was captured not only in ABR for all
bleeds but also in the number of patients
reporting zero all bleeds, 0 to 3 all bleeds,
0 to 3 target joint bleeds, and factor VIII
consumption. Perhaps most striking is that
bleeding rates for inhibitor patients are now
on par with those of noninhibitor patients.

Activated prothrombin complex concen-
trate (aPCC) consumption also declined
over time, not surprisingly since the an-
nouncement that its use with emicizumab
should be avoided because of thrombotic
risk. This led to a diversion of aPCC to
recombinant activated factor VII (rFVIIa)

for treatment of acute bleeds in inhibitor
patients and may explain the slight in-
crease in rFVIIa usage during treatment
midstudy intervals (weeks 49 to 120). This
diversion makes the overall decline in
rFVIIa consumption more notable.

Why bleeding rates and target joints might
improve over time warrants more explo-
ration. Perhaps, a decrease in bleeding
events leads to increased activity, exercise,
and bone and joint health, whereas im-
proved joint health, coming full cycle, re-
sults in further declines in bleeding. In
addition, improved hemostasis may pre-
vent recurring microbleeding and chronic
inflammation in the joint space. Could
these improvements in joint health even-
tually reset the threshold for initiation of
acute hemarthrosis?

In the initial HAVEN 1 trial,2 5 inhibitor
patients developed thrombotic compli-
cations, including 3 with thrombotic micro-
angiopathy (TMA) when acute bleeds were
treated with aPCC at higher cumulative
doses (.100 U/kg/24 hours) for ex-
tended periods of time ($24 hours). The
TMAs resolved once aPCC was stopped.
Most reassuring in the 2-year follow-up is
that no additional thromboses or TMAs
occurred after restriction of aPCC was
instituted. Also, no new safety concerns
appeared. However, in all the HAVEN
studies, only 26 patients were age 65 or
older. One of these patients suffered a
myocardial infarction and was found to
have coronary artery disease. Future data
for patients with cardiac risk factors on
emicizumab will be welcome.

What is the frequency of anti–emicizumab
antibody development? In the initial
HAVEN publications,2-5 the rate was 1.0%
of patients (4/398), although only 2 (0.5%)
of these antibodies were neutralizing,
compromising the efficacy of emicizumab.
With enhanced testing, 14 (3.5%) anti–
drug antibodies were found, only 3 with
neutralizing potential (0.8%), including 1
patient who switched back to factor VIII
infusions for prophylaxis.6 Whether the
enhanced test or the additional drug ex-
posure time led to increased detection of
anti-drug antibodies is unclear. The au-
thors are planning to report a separate
update regarding emicizumab’s immuno-
genicity. Still, these numbers seem like an
improvement compared with traditional
factor VIII concentrates, which stimulate
anti–factor VIII inhibitor development in
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up to one-third of severe hemophilia A
patients.

Altogether, it becomes clear why pa-
tients report improvements in quality of
life and a strong preference to remain on
emicizumab.7 For patients and providers
cautious about accepting new advances,
the work by Callaghan et al comes as
a welcome addition to the previous
landmark HAVEN trials. With 2 years of
follow-up confirming its safety and effi-
cacy, emicizumab should be considered
the standard of care for severe hemophilia
A prophylaxis in patients with and without
inhibitors. With these exciting data on
emicizumab and prospects for other
nonfactor therapies around the corner,
hemophilia care just keeps getting better.
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Using the binary language
of IL-2 to prevent GVHD
Everett H. Meyer | Stanford Medical School

In this issue of Blood, Song et al1 identified a newmeans of selective blockade
of the interleukin 2 (IL-2) pathway during hematopoietic cell transplantation
that prevents graft-versus-host disease (GVHD) and augments donor graft-
versus-leukemia (GVL) immunity. Using preclinical murine major histocom-
patibility complex mismatch models of hematopoietic stem cell transplantation,
the group used a monoclonal antibody, JES6-1, that binds to IL-2 and selectively
interferes with IL-2 binding to specific subunits of the IL-2 receptor (ie, the IL-2
receptor b and g subunits but not the IL-2 a subunit). This study is among a
number of exciting recent developments in our understanding of IL-2 biology
and the potential implementation of whole new classes of clinical interven-
tions targeting IL-2.

The importance of the IL-2 pathway in
transplantation is underscored by the
pivotal role that calcineurin inhibitors played
in advancing transplantation. Calcineurin
inhibitors act in large part by blunting
T-cell receptor signaling and reducing

the ability of immune cells to produce
IL-2. This includes CD41 helper T cells,
which are a major source of IL-2 that
drives both their own autocrine expan-
sion and that of other cells such as ef-
fector CD8 T cells. Calcineurin inhibitors

such as tacrolimus have known toxicities,
but they remain the backbone of most
strategies to prevent GVHD.2 As Song
et al again demonstrate in their study,
calcineurin inhibitors can impede the
GVL effects of donor T cells.

IL-2 has been shown to be plieotropic
and can sometimes exert apparently
contradictory effects.3 This is in part be-
cause IL-2 binds to dimeric receptors of
2 general types: the IL-2RaIL2Rg re-
ceptor, which is expressed on activated
T cells and regulatory T cells (Tregs),
and the IL2RbIL-2Rg receptor, which is
expressed on immunologically active T, B,
and natural killer (NK) cells. Administra-
tion of IL-2 at certain doses can, for ex-
ample, cause Tregs to expand. This has
been used as a clinical strategy to treat
chronic GVHD,4 but at otherdoses, IL-2 can
worsen alloimmune responses and drive
T cell or NK reactivity. Monoclonal anti-
bodies that block certain IL-2 receptors
or designer IL-2 mutant proteins that
bind to the IL-2RaIL-2g receptors pref-
erentially have been shown to increase
Treg numbers and are being evaluated
in clinical trials to induce immune
tolerance.5

Song et al used the antibody JES6-1 to
selectively block IL-2 from binding to IL-2
receptors made from the b and common
g chains but not receptors made from the
a and common g chain I (CD25) that
Tregs depend on. This reduced donor
T-cell proliferation reduced the number
of CD41 T cells in the colon and liver, which
are GVHD target organs. Inflamma-
tory cytokines such as granulocyte
colony-stimulating factor are also re-
duced. As experimental controls, they
used a rat immunoglobulin G (IgG) isotype
antibody, and the anti–IL-2 S4B6 anti-
body that binds to IL-2 allows for some
engagement of IL-2 receptors that use
the b chain and common g chain. Com-
pared with control antibodies, Song et al
show that JES6-1–treated mice have
significantly less severe GVHD and better
survival.

In an extensive mechanistic evaluation,
the group showed that multiple inter-
related pathways are altered to prevent
GVHD using this selective antibody ap-
proach. Based on other studies, one
would first suspect that conventional
CD41CD251FOXP31 Tregs are primarily
responsible for GVHD protection be-
cause increasing Treg numbers in other
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