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CLINICAL TRIALS AND OBSERVATIONS

Comment on Malec et al, page 1982

Immune tolerance induction
in development
Erik Berntorp | Lund University

In this issue of Blood, Malec et al1 report final results of the verITI-8 study,
where immune tolerance induction (ITI) using recombinant factor VIII (FVIII)
Fc fusion protein was studied prospectively.
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Inhibitor development is today the main
challenge to hemophilia treatment.
Although reported rates vary, around 30%
of patients with severe hemophilia A
develop inhibitor antibodies that react
with infused FVIII used for replacement
therapy. If the inhibitor is present in high
titer, it jeopardizes otherwise successful
treatment.2,3 The main goal of ITI therapy
is to eradicate the inhibitor and, thus,
allow the patient to return to ordinary
replacement therapy. The basic approach
used by ITI is to give massive doses of
FVIII, often daily, for months or years. The
first successful result was reported by
Brackmann and Gormsen in 1977.4 The
method was demanding, time-consuming,
and excessively expensive. Other pro-
tocols have since been developed, such
as the van Creveld and Malmö protocols,
which use lower doses of FVIII or add
immune-suppressive drugs, respectively,
to shorten the time and lower cost until
tolerance is achieved.5,6 Nonreplacement
therapy, to either bypass or mimic FVIII,
has shown encouraging results. Most
notably, emicizumab has been shown to
effectively prevent bleeding.3 Still, inhibi-
tor eradication is the primary goal for
many caring for these patients. Inhibitor
tolerance induction studies are difficult to
perform because of the small patient
population and the complexity of inhibitor
development. To date, the only reported
randomized, prospective ITI trial is the
International ITI study.7 In this study, the
success rate was 70%, and time to achieve
tolerance was a median of almost 2 years.
Roughly similar figures have been
reported from other retrospective cohort
and registry studies.

The rationale for the ver8-ITI study is
based on clinical cases with rapid achieve-
ment of negative inhibitor titers using an
extended half-life (EHL) recombinant fac-
tor VIII Fc fusion protein. The investigators
hypothesized that this may partially be
attributed to its immunomodulatory Fc
portion. Thus, the verITI-8 trial used an
EHL recombinant factor VIII Fc fusion
protein (efmoroctocog alfa). The results
given in the article (see figure) show rapid
inhibitor eradication with a success rate in
parity with several other studies. When
interpreting the results, some common
issues in ITI studies need to be explored:
(1) Study material and study design:
Remarkably, this is a prospective study
that avoids common biases found in
retrospective studies. The population is
limited (n = 16); thus, only descriptive
statistics were performed. F8 genotyping
was performed, but it does not add much
information in such a small study. There
was no control group. ITI was given for 48
weeks, which is shorter than for some
other studies and may reduce the true
potential of success rate. Follow-up was
for 32 weeks and may explain why
no relapses were seen during this rela-
tively short period; (2) Treatment: Similar
to the International ITI study high-dose
arm, 200 IU FVIII/kg was given once
2

daily. This is a reasonable choice, although
the science behind the dose is weak. Both
higher and lower doses given for longer
and shorter intervals have been reported
in the literature; (3) Time to tolerization:
The definition of tolerization was an inter-
nationally accepted definition with strict
criteria for half-life of infused factor.
The criteria behind this definition do not
take pharmacokinetic parameters for
an individual patient into account (as
pharmacokinetics are not known before
inhibitor development) and may lead to
wrong classification of tolerance; and (4)
Administration of bypassing agents was
permitted during ITI to control acute
bleeds. It is possible that this additional
therapy impacted outcome of tolerance
induction.8 This study was just for first-time
immune tolerance induction, so previous
tolerance attempts do not impact the
success rate, which was found to be a
favorable parameter in the study by Carl-
borg et al.8

The median time to tolerance for patients
who achieved negative inhibitor titer (n =
12, 75%) was 7.4 weeks: 6.8 weeks for
in vivo recovery ≥66% and 11.7 weeks for
half-life of infused FVIII ≥7 hours. As
pointed out by Malec et al, these are
shorter times than observed in the Inter-
national ITI study, although a direct com-
parison is not possible because of study
differences. In a follow-up of 22 high-
responding patients receiving the Bonn
protocol, time to achieving normal phar-
macokinetic parameters was around
15 months9; and, in a protocol including
immunosuppressive drugs, it was as short
as 2 to 3 weeks in 9 of 11 patients.5 It
seems reasonable to believe that time to
tolerization in the study by Malec et al is
short for a protocol including only FVIII,
especially considering the findings from
the International-ITI study. This is the first
prospective study using recombinant
factor Fc fusion protein, so no trials are
available for comparison.10

The verITI-8 study is important as it
indicates favorable, but certainly not
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Failed 31.3% (n = 5)

11.7 weeks
(median)

48 weeks

48 weeks

Time to 
success/evaluation

16 patients infused with
rFVIIIFc 200 IU/kg body weight
daily for 48 weeks (maximum)

Success 62.5% (n = 10)

Partial success 6.3% (n = 1)

Overall results of immune tolerance induction using recombinant factor VIII Fc fusion protein (rFVIIIFc) prospec-
tively in 16 patients with severe hemophilia A and high-titer inhibitors (historical peak ≥5 Bethesda units per mL).
Dosing was for up to 48 weeks. Patients achieving immune tolerance, according to negative inhibitor titer, in vivo
recovery, and half-life, entered tapering and follow-up for ≥16 and 32 weeks, respectively. Boxes in green denote
aspects specific for this study (ie, use of rFVIIIFc and short time to success). Treatment was well tolerated.
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conclusive, results using an extended
half-life product containing Fc fusion
protein. As reported in the article, there
are ongoing studies investigating ITI
with the concomitant use of emicizumab.
As therapy is rapidly evolving, future
studies using nonreplacement therapy,
such as gene or cellular therapy, are to
be expected. The burden for the patient
and society needs to be addressed, as
inhibitors cause substantial cost and
suffering. The search for successful and
rapid ITI needs to continue.
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HSC aging: a sleeping beauty
fairy tale?
Dirk Loeffler | St. Jude Children’s Research Hospital and University of
Tennessee

In this issue of Blood, Hammond et al1 present their results on quantifying
the proliferation kinetics and cell cycle progression of single, highly purified
human hematopoietic stem cells (HSCs) isolated from cord blood and from
young adult and aged healthy donors, to study how age-related changes
affect HSC activation, signaling, and proliferation in response to growth-
factor stimulation. They show that aged HSCs are less sensitive to growth-
factor stimulation and are more difficult to activate than young HSCs.
The extensive capacity of HSCs to self-
renew and differentiate is critical to
regeneration of the blood system
throughout life. But HSC potential is
limited and declines progressively with
age and proliferative stress.2 To prevent
stem cell exhaustion, HSCs are quiescent
and rarely divide.3 When needed during
insults, such as inflammation, mitogenic
signals from the microenvironment
awaken and instruct HSCs to divide. A
well-established finding is that HSC
activation and proliferation rely on
growth-factor stimulation, but insights
into how age-related changes in human
HSCs alter the response to growth fac-
tors have been lacking.

HSCs are quiescent, reside in the G0

phase of the cell cycle, contribute little
to steady-state hematopoiesis,3 and
function as a backup to ensure lifelong
hematopoiesis. Waking of HSCs requires
the activation of signaling pathways that
regulate cell cycle entry and progres-
sion, processes that are induced by
growth factors, which activate Akt
signaling and other pathways. Akt
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