
that TMEM163 is not essential for platelet
production or a-granule biogenesis. Al-
though abnormal accumulation of Zn21was
detected in TMEM163-deficient platelets,
this did not influence the gene expression
of other ZIP/ZnT transporters. Combined
deficiency of Rab32/Rab38 small guano-
sine triphosphatases in mice results in
HPS with profound defects in hemosta-
sis.8 Rab32/Rab38 levels were normal in
TMEM163-deficient mice, indicating a
unique role for TMEM163-dependent path-
ways in d-granule biogenesis.

In addition to TMEM163, other ZIP/ZnT
isoforms may be involved in megakar-
yocyte and platelet Zn21 homeostasis,
which regulate distinct Zn21-dependent
signaling pathways.7 The expression
profile and function of ZIP/ZnT isoforms
could be dynamic during mega-
karyopoiesis, changing to optimize Zn21

levels in the cytoplasm and intracellular
organelles and regulate Zn21-responsive
genes and transcription factors to sup-
port platelet production (see figure).
Granular-resident Zn21 store in platelets
is also involved in the regulation of the
coagulation cascade.7,9 These complex
processes can be further analyzed in
mouse models with ZIP/ZnT and HPS/
TMEM163 deficiency to determine how
defective Zn21 transport and granular
Zn21 content are involved in platelet
signaling and hemostatic complications
in HPS and other storage pool diseases.

The study by Yuan et al has provided new
insights into the regulatory mechanism of
Zn21 transport in d-granules and suggests
a link between abnormal d-granule bio-
genesis and hemostasis. These findings
may provide the basis for exploring Zn21-
dependent therapeutic strategies in HPS
and other storage pool diseases.
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4. Burré J, Zimmermann H, Volknandt W.
Identification and characterization of SV31, a

novel synaptic vesicle membrane protein and
potential transporter. J Neurochem. 2007;
103(1):276-287.

5. Cuajungco MP, Basilio LC, Silva J, et al. Cellular
zinc levels are modulated by TRPML1-TMEM163
interaction. Traffic. 2014;15(11):1247-1265.

6. Salm EJ, Dunn PJ, Shan L, et al. TMEM163
regulates ATP-gated P2X receptor and be-
havior. Cell Rep. 2020;31(9):107704.

7. Mammadova-Bach E, Braun A. Zinc homeo-
stasis in platelet-related diseases. Int J Mol Sci.
2019;20(21):5258.

8. Aguilar A, Weber J, Boscher J, et al. Combined
deficiency of RAB32 and RAB38 in the mouse
mimics Hermansky-Pudlak syndrome and criti-
cally impairs thrombosis. Blood Adv. 2019;
3(15):2368-2380.

9. Kiran Gotru S, van Geffen JP, Nagy M, et al.
Defective Zn21 homeostasis in mouse and hu-
man platelets with a- and d-storage pool dis-
eases. Sci Rep. 2019;9(1):8333.

DOI 10.1182/blood.2021010691

© 2021 by The American Society of Hematology

THROMBOSIS AND HEMOSTASIS

Comment on Klamroth et al, page 1818

Prophylaxis in hemophilia:
how much is enough?
Christine L. Kempton | Emory University School of Medicine

In this issue of Blood, Klamroth et al evaluated prophylactic factor re-
placement therapy targeting one of 2 distinct factor VIII (FVIII) trough levels
(1% to 3% vs 8% to 12%) for prevention of bleeding in patients with
hemophilia A.1

A major consequence of hemophilia is
joint bleeding, leading to functional im-
pairment and chronic pain. Continuous
prophylaxis is the routine replacement of
FVIII/IX via infusion of factor concentrates

and was introduced in Sweden in the late
1950s.2 Its initial use was based on the
observation that the frequency of bleed-
ing events was reduced significantly when
FVIII/IX levels were kept at $1%. Despite

Joint status
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Determining treatment intensity for factor prophylaxis requires estimating bleeding risk, which informs the choice of
target trough level, as well as understanding the response to factor replacement therapy, which is determined by
the factor product infused and the patient’s individual pharmacokinetics.
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the observed benefit, it was not until
completion of the Joint Outcome Study
(JOS) that prophylactic factor replacement
therapy became widely recognized as
standard of care for children with severe
hemophilia.3 However, in adolescents
and adults, the routine use of pro-
phylactic replacement therapy lagged
until publication of the SPINART study4

in 2017, which led to more widespread
use and a new standard of care. Despite
clear benefits, many chose not to use
continuous prophylaxis. In US hemophilia
treatment centers, only 77.6% of patients
with severe hemophilia A aged 11 years
or older are on continuous prophylaxis as
reported by the Centers for Disease
Control and Prevention.5

Although achieving a target trough level
of 1% reduces bleeding significantly, it
does not eliminate bleeding events in all
patients. Accordingly, determining the
best target trough level for an individual
patient is a challenge routinely faced by
clinicians. Prior to this study by Klamroth
et al, much of our knowledge of the
benefit from higher trough levels was
derived from modeling6 rather than from
clinical trial data. In the present study, 115
subjects received prophylaxis with rur-
ioctocog alfa pegol (an extended half-life
product with a published half-life of 14 to
16 hours)7 and were randomized to one of
2 target trough level ranges (1% to 3% or
8% to 12%). The dosing regimens used to
achieve these target trough levels were
derived from individual pharmacokinetic
testing. It is not unexpected that higher
trough levels resulted in fewer bleeding
episodes, and although these data largely
confirm predictions based on modeling, it
is critical to havemade these observations
in a randomized clinical trial. Importantly,
it was observed that no bleeding events
occurred in 42% of those in the 1% to 3%
arm vs 62% in the 8% to 12% arm, leaving
38% of subjects continuing to experience
bleeding events despite prophylaxis that
was significantly more intensive than the
current standard of care.

In this study, to achieve a target of 1% to
3%, 39% of subjects required treatment
that was more frequent than standard
twice-weekly dosing.8 To achieve the 8%
to 12% trough target, 12.1% of subjects
required daily infusions, and the majority
required every other day infusions: only 1
subject could treat less frequently than
every third day and achieve a trough of
8% to 12%. This burden of therapy is

significant and may be reflected in the
higher number of patients in the higher
target arm (25.8%) who were unable to
complete the study or had significant
protocol deviations compared with the
lower target arm (8.7%).

Although useful and commendable for its
randomized design, this study is not able
to answer what trough level is best.
Should the trough level be 1%, 3%, 5%,
10%, or 15%? Many participants (42%)
treated with the target trough level of 1%
to 3% had no bleeding events during the
study period, but some (38%) continued
to have bleeding events despite higher
target trough levels. Perhaps, the right
answer is the trough level at which the
patient does not bleed while performing
their usual activities of life. Given that
individual patient needs vary, it is up to
the clinician caring for the patient to
weigh the various factors that comprise
bleeding risk (see figure) to make a best
estimate of the target trough level re-
quired to prevent bleeding. In addition to
the variables that comprise a patient’s
bleeding risk, which in turn informs the
trough level needed to prevent bleeding,
the ability to achieve a trough level is
informed by the factor product used and
the patient’s response to that product
(pharmacokinetics). In the past few years,
it has become possible to use pharma-
cokinetics in clinic to individualize treat-
ment regimens and target a specific
factor trough factor level. Prior to the
availability of pharmacokinetic modeling
at the fingertips of clinicians, adjusting
prophylactic regimens was often based
on trial and error, and applying the
results of this study would have been
impossible.

This study supports the need to in-
dividualize care andmakes clear that many
patients will need factor replacement
regimens that are more intensive than the
current standard of care. Unfortunately,
challenges remain. It is clear that many
patients will not be able to achieve a
zero-bleeding state even with current
extended half-life products. New prod-
ucts are in development, but often their
pricing assumes a use that achieves
current standard-of-care results. Ac-
cordingly, when used more intensively
to achieve better outcomes, treatment
becomes even more expensive. In ad-
dition, the lack of randomized clinical trial
data that compare new products to
existing standards of care limits the ability

of the community to advance care by
failing to elucidate incremental benefit of
novel therapies and treatment strategies.
We have focused on making treatment
easier, which is good, but treatment
should also be more effective. These
relative evaluations require direct com-
parisons via randomized trials.

Even if we achieve a zero-bleed state for
many patients, it is not likely that joint
disease, disability, and chronic pain will
be eliminated. The presence of sub-
clinical bleeding is difficult to study and
quantify, but its presence is supported by
the observation in the JOS that joint
damage was seen on magnetic reso-
nance imaging despite a lack of clinically
evident bleeding, and by clinical expe-
rience of patients with mild hemophilia
who develop significant arthropathy in
middle age despite never reporting a
clinical joint bleed.3,9 Thus, targeting zero
clinical bleeding events does not mean
that all joint disease, dysfunction, and
pain will be eliminated. This reality un-
derscores the need for better, not just
more convenient, therapies.
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