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is candesartan at a dose of 16 mg per day plus 
hydrochlorothiazide at a dose of 12.5 mg per day 
in this relatively low-risk population. Although 
these results do not exclude the possibility that 
more effective therapy for blood-pressure lower-
ing might be beneficial in a relatively low-risk, 
older population, they provide support for the use 
of statins as a safe and effective intervention to 
prevent cardiovascular events in such patients.

The opinions expressed in this article do not necessarily repre-
sent the official views of the Department of Veterans Affairs or 
the U.S. government.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.
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Hemophilia Therapy — Navigating Speed Bumps  
on the Innovation Highway

Donna M. DiMichele, M.D.

Hemophilia A is an X-linked hemorrhagic dis-
order characterized by a congenital absence or 
decrease in plasma clotting factor VIII, a pro-
coagulation cofactor and potent generator of 
thrombin when bound to activated factor IX and 
factor X. Unprecedented biotechnological prog-
ress has increased life expectancy for patients 
across the range of disease severity through an 
expanding menu of highly safe and effective re-
combinant factor VIII and plasma-derived factor 
VIII concentrates for bleeding treatment and 
prophylaxis.1 Widespread adoption of primary 
strategies of bleeding prophylaxis (before the on-
set of arthropathy in children) has unequivocally 
minimized orthopedic morbidity, which has long 
been the hallmark of hemophilia.2

But even as benefit far exceeds risk, and 

healthy outcomes are assured for 80% of those 
affected in resource-rich countries, economic 
and practical burdens of therapy still impede ac-
cess and adherence. Multiple intravenous infu-
sions of factor VIII per week are required for 
healthy joints and present a particular challenge 
for children; protein modifications intended to 
delay recombinant factor VIII clearance and re-
duce infusion frequency have been only moderate-
ly successful to date.1 Furthermore, early devel-
opment (median age, 15.5 months) of polyclonal 
neutralizing IgG4 antidrug antibodies (inhibitors) 
to factor VIII replacement threatens healthy out-
comes in 32% of the severely affected (factor VIII 
activity <1 IU per deciliter).3 Once high-titer in-
hibitors develop, eradication is laborious and not 
ensured.4 Effective therapeutic options are limit-
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ed, and new approaches to bypassing the factor 
VIII requirement have so far fallen short.5

The factor VIII antibody response is stimulated 
through a complex and incompletely understood 
interaction among host- and treatment-associated 
risk factors that targets innate immunity in the 
presence of immunologic costimulatory signal-
ing.6 Among treatment-related risk factors (pre-
viously studied only in observational cohorts), 
therapeutic intensity is most significant, whereas 
the influence of the factor VIII product source 
(i.e., human plasma or recombinant technology) 
remains inconclusive.7 In this issue of the Journal, 
Peyvandi et al.8 report the effect of the factor 
VIII product source on the cumulative incidence 
of inhibitors in a trial involving children with 
severe hemophilia A who have not previously 
been treated with factor VIII concentrate. Using 
analytic modeling to examine putative con-
founders, the authors found that exclusive use 
of recombinant factor VIII through the period of 
highest risk increases the cumulative incidence of 
all inhibitors, as compared with plasma-derived 
factor VIII (37.3% vs. 23.2%; hazard ratio, 1.87; 
confidence interval, 1.17 to 2.96). The authors 
note a similar trend for the most consequential 
high-titer antidrug antibodies.

The immediate influence of this study on 
clinical practice may not be universally consis-
tent, given that the relative incidence of inhibi-
tors associated with plasma-derived factor VIII is 
diminished but still substantial and consequen-
tial. Nonetheless, these data must now be inte-
grated globally into the multifactorial decision-
making processes underlying product selection 
for at-risk children with severe hemophilia A. The 
results are scientifically compelling. Endocytosis, 
clearance, and antigen presentation are affected 
by factor VIII protein glycosylation and von Wille-
brand factor association.6 That both glycosylation 
and association with von Willebrand factor are 
altered by recombinant technology lends immu-
nologic plausibility to the implication that the 
product source plays a role in inhibitor genera-
tion and provides valuable mechanistic insight 
into the conundrum of factor VIII immunoge-
nicity.

Also in this issue of the Journal, Shima et al.9 
use disruptive technology to tackle persistent 
problems of treatment delivery and efficacy in a 
study of emicizumab in severe hemophilia A in 

patients with and in those without antidrug anti-
bodies. Emicizumab (ACE910) functions as a 
conformational replica of factor VIII, binding to 
factors IX and X in a thrombin-generating com-
plex. If proved effective, this unique factor VIII-
mimetic agent would certainly advance the field 
of hemophilia A therapeutics. First, emicizumab 
would not be expected to induce or be inhibited 
by factor VIII neutralizing antibodies. Second, its 
subcutaneous bioavailability would permit a week-
ly prophylactic treatment regimen and obviate 
intravenous infusion. Neither has yet been feasi-
ble with traditional protein replacement.1

Despite the limitations of the study design, 
Shima et al. report an impressive short-term 
decrease in the annualized bleeding rate in most 
factor VIII inhibitor–positive and in most inhibitor-
negative patients with historically severe bleed-
ing phenotypes who received weekly emicizumab 
prophylaxis. The preliminary efficacy and safety 
profiles warrant the anticipated longer-term pro-
phylaxis study. But the next steps will be giant 
ones for emicizumab, as investigators test its 
potential for the more substantial and sustained 
thrombin generation required for the treatment 
of acute hemorrhage, unconstrained by antibody 
development with emicizumab.10 Emicizumab’s 
performance as a therapeutic agent will be essen-
tial to understanding its possible role in mediat-
ing factor VIII immunogenicity. If it is proved 
feasible, will early sustained treatment in children 
alter the epidemiology of factor VIII neutralizing 
antibodies? Alternatively, if emicizumab proves 
insufficient for predictably treating major hemor-
rhage, what will be the immunologic consequenc-
es of factor VIII rescue in an inflammatory bleed-
ing state?

The clinical and scientific effects of these two 
studies will be fully realized in time. Meanwhile, 
both studies signal exciting news for patients 
with hemophilia.

Disclosure forms provided by the author are available with the 
full text of this article at NEJM.org.

From the Division of Blood Diseases, National Heart, Lung, and 
Blood Institute, National Institutes of Health, Bethesda, MD.

1. Ragni MV. New and emerging agents for the treatment of 
hemophilia: focus on extended half-life recombinant clotting 
proteins. Drugs 2015; 75: 1587-600.
2. Manco-Johnson MJ, Abshire TC, Shapiro AD, et al. Prophy-
laxis versus episodic treatment to prevent joint disease in boys 
with severe hemophilia. N Engl J Med 2007; 357: 535-44.

The New England Journal of Medicine 
Downloaded from nejm.org on June 22, 2016. For personal use only. No other uses without permission. 

 Copyright © 2016 Massachusetts Medical Society. All rights reserved. 



Editorials

n engl j med 374;21 nejm.org May 26, 2016 2089

3. Gouw SC, van den Berg HM, Fischer K, et al. Intensity of
factor VIII treatment and inhibitor development in children with 
severe hemophilia A: the RODIN study. Blood 2013; 121: 4046-55.
4. Hay CRM, DiMichele DM. The principal results of the Inter-
national Immune Tolerance Study: a randomized dose compari-
son. Blood 2012; 119: 1335-44.
5. Dargaud Y, Pavlova A, Lacroix-Desmazes S, et al. Achieve-
ments, challenges and unmet needs for haemophilia patients 
with inhibitors: report from a symposium in Paris, France on 20 
November 2014. Haemophilia 2016; 22: Suppl 1: 1-24.
6. Lai JD, Georgescu MT, Hough C, Lillicrap D. To clear or to
fear: an innate perspective on factor VIII immunity. Cell Immunol 
2016; 301: 82-9.
7. Oldenburg J, Lacroix-Desmazes S, Lillicrap D. Alloantibod-

ies to therapeutic factor VIII in hemophilia A: the role of von 
Willebrand factor in regulating factor VIII immunogenicity. 
Haematologica 2015; 100: 149-56.
8. Peyvandi F, Mannucci PM, Garagiola I, et al. A randomized
trial of factor VIII and neutralizing antibodies in hemophilia A. 
N Engl J Med 2016; 374: 2054-64.
9. Shima M, Hanabusa H, Taki M, et al. Factor VIII–mimetic
function of humanized bispecific antibody in hemophilia A.  
N Engl J Med 2016; 374: 2044-53.
10. Uchida N, Sambe T, Yoneyama K, et al. A first-in-human
phase 1 study of ACE910, a novel factor VIII-mimetic bispecific 
antibody, in healthy subjects. Blood 2016; 127: 1633-41.
DOI: 10.1056/NEJMe1603419
Copyright © 2016 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org on June 22, 2016. For personal use only. No other uses without permission. 

 Copyright © 2016 Massachusetts Medical Society. All rights reserved. 




