THERAPEUTIC ADVANCES in
Hematology

Major cardiac surgery with recombinant FIX
Fc fusion protein replacement in hemophilia

B: a case report

Abstract: The introduction of extended factor IX (FIX) products has significantly facilitated the
treatment of hemophilia B patients. However, optimal perioperative management remains

a topic of hot debate, particularly in surgeries with high bleeding risk. For the first time, we
report here a patient with mild hemophilia B and degenerative aneurysms of aortic root and
ascending aorta undergoing elective Bentall’s operation with full cardiopulmonary bypass,
who was successfully managed with eftrenonacog alfa (Alprolix®), a recombinant FIX Fc
fusion protein (rFIXFc). rFIXFc could safely be monitored using the Pathromtin SL aPTT-
reagent. No significant bleeding was noted intraoperatively despite systemic heparinization
as well as postoperatively. Higher doses of rFIXFc were inevitable to reach target FIX

levels intraoperatively, whereas in the post-surgery setting stable FIX concentrations were
maintained with only few rFIXFc injections facilitating fast wound healing and remobilization of

the patient.
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Hemophilia B is a chromosome X linked diathesis
as a result of coagulation factor IX (FIX) defi-
ciency characterized by excess bleeding and
increased morbidity and mortality.! Standard
treatment with plasma-derived or recombinant
FIX concentrates effectively reduces the risk of
bleeding and has contributed to a greatly
enhanced life expectancy in affected patients.?
Consequently, age-related degenerative cardiac
health conditions will likely accumulate in daily
clinical practice.

However, data on how to optimally approach
hemophilia B patients undergoing cardiac surgery
are lacking, and perioperative management
remains a topic of ongoing debate.?

For the first time, we report here the case of a
patient with mild hemophilia B and degenerative
aneurysms of aortic root and ascending aorta
undergoing elective Bentall’s operation with full
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cardiopulmonary bypass and systemic hepariniza-
tion for 172 min, who was successfully managed
with eftrenonacog alfa (Alprolix), a recombinant
FIX Fc fusion protein (rFIXFc) with extended
terminal half-life.*

Preoperatively, the 60-year-old Caucasian patient
(100 kg body weight) was referred to our compre-
hensive care hemophilia center to plan target FIX
activity level, dosage, and duration of FIX substi-
tution. Baseline FIX activity level was 11%, and
only traumatic bleeding complications (i.e. knife
cutting) were reported in the past. Hence, the
patient has received FIX replacement only on
demand. FIX inhibitors were not detected, and
there was no evidence for chronic liver disease.
Two years ago, the patient was perioperatively
treated with standard recombinant FIX for elec-
tive extraction of three teeth without any bleeding
complications, and FIX recovery was determined
1% per IU FIX and kg body weight by plasma-
derived FIX (Nonacog alfa) at this time.
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Due to extended risk of bleeding and thrombosis
associated with perioperative full cardiopulmo-
nary bypass and systemic heparinization during
Bentall’s procedure, we opted for substitution
with rFIXFc with extended terminal half-life to
help maintain more stable FIX concentrations
with less frequent perioperative intravenous infu-
sion demand. The treatment plan was discussed
with our colleagues from the departments of
anesthesiology and cardiac surgery as well as with
the patient.

Just 30min before surgery (09:00 a.m., hemo-
globin level 14.1g/dl), a 12.000IU rFIXFc load-
ingdose (120 IU/kgbody weight) was administered
resulting in a FIX level activity of 100%. With an
initial bedside activated clotting time of 113s,
intraoperative systemic heparinization and full
cardiopulmonary bypass priming were accom-
plished with 42.000IU and 10.000IU of unfrac-
tionated heparin intravenously, respectively.

Four hours after start of surgery (1:00 p.m.),
another 4.000IU of rFIXFc were given after the
decline of the FIX level to 81% and additional
8.0001IU of rFIXFc due to prolonged bleeding at
the end of surgery (4:00 p.m., hemoglobin level
11.3g/dl). Concomitantly, the patient received
3 g tranexamic acid, 4g fibrinogen, 600IU pro-
thrombin complex concentrates and one platelet
infusion. CellSaver was used to avoid intraopera-
tive red cell transfusion. These supportive treat-
ments were indicated and administered under
control of the surgeon and anesthesiologist as
usual in our center. Systemic heparinization was
neutralized with 52.000IU of protamine, and
another 5.000IU were given adapted to pro-
longed activated clotting time (138s). In sum-
mary, the bleeding was comparable to
non-hemophilic patients undergoing this proce-
dure. Besides hemophila-specific FIX adminis-
tration, the patient received coagulation factor
replacement according to the local treatment
standards during these procedures.

Four hours after the end of surgery (19:57 p.m.),
FIX level activity was 100% and 79% in the
morning hours of postoperative Day 1 (05:00
a.m.), respectively. On Day 2, the patient received
4.0001IU of rFIXFc to keep FIX level above 60%
according to World Federation of Hemophilia
(WFH) guidelines (FIX activity: 55% at 08:00
a.m.). On Day 3, one last infusion of 4.000IU
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rFIXFc was administered for cardiac surgery
drain removal (FIX level activity: 72%).

Periprocedural FIX level activity with regard to
rFIXFc administrations is illustrated in Figure 1.

In the post-surgery period, the patient experi-
enced neither thrombotic nor bleeding complica-
tions, which was evaluated by physical examination
and sonography. Thrombosis prophylaxis with
enoxaparin 40 mg subcutaneously was given start-
ing on postoperative Day 1. Post-surgery throm-
bosis prophylaxis was given as long as the patient
was on intensified FIX product prophylaxis, which
is standard protocol at our center. Of note, labora-
tory analysis did not detect FIX inhibitor forma-
tion 6 weeks after surgery.

Perioperative substitution with FIX concentrates
has decreased surgery-associated mortality to
approximately 1% in hemophilia B patients.’
However, lacking evidence-based recommenda-
tions, optimal perioperative treatment remains
under hot debate. Management can be compli-
cated by excess bleeding, thrombosis formation,
and inhibitor development.? rFIXFc demon-
strated a prolonged half-life and lower consump-
tion compared with conventional recombinant
FIX, maintaining appropriate FIX levels with
reduced infusion frequency.* In particular, sub-
group analysis of the pivotal phase III study con-
firmed safety and efficacy with prolonged dosing
intervals for perioperative hemostasis in patients
undergoing major surgery, mostly orthopedic
procedures.® For major cardiac surgery, however,
an issue likely becoming more prevalent in an
aging hemophilia population, data are scarce and
clinical decision-making is based on few case
reports and personal experience.

Previous case reports included off-pump coro-
nary artery bypass grafting (CABG) with rFIX
bolus substitution hypothesizing that off-pump
surgery would interfere less with hemostasis than
traditional CABG” and a biological aortic valve
replacement for aortic stenosis with continuous
recombinant FIX infusion in order to avoid broad
fluctuations in factor levels.® Another patient
undergoing CABG with recombinant FIX bolus
substitution experienced aortic dissection on Day
2 post-surgery with a quite low FIX level of 37%.°
For the first time, we report the successful man-
agement of a patient who received rFIXFc for
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Bolus dosing of eftrenonacog alfa versus FIX levels (IU mL-") in a patient (100 kg body weight) with

hemophilia B undergoing cardiac surgery.

extensive cardiac surgery requiring full cardiopul-
monary bypass and systemic heparinization.

The WFH recommends a target FIX level of 40—
60% for the first 3 days following major surgery,
then 30-50% on Days 4-6, and 20-40% on Days
7-14. These threshold values, however, are
mainly derived from data of orthopedic interven-
tions, and specific recommendations for cardiac
surgeries are missing.10

Given the extended bleeding risk associated with
Bentall’s operation, we selected 100% as target
FIX level after loading dose, although supranor-
mal FIX levels may increase the thromboembolic
risk. 11

In accordance with WFH guidelines, factor dos-
ing thereafter did not rely on specific target-level
activity thresholds, but it was rather determined
by clinical need during and after surgery ahead of
laboratory results. rFIXFc with prolonged half-
life and longer dosing intervals was preferred to
rFIX in order to avoid wide fluctuations in factor-
level activity perioperatively.

Adequate FIX activity monitoring is critical dur-
ing high-risk surgeries. The FIX activity in our
patient was monitored using the Pathromtin SL
aPTT-reagent (Siemens, Marburg, Germany).
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Acceptable recovery values for rFIXFc have been
previously shown, with a trend to underestimate
values by approximately 20-25% in target dilu-
tions of 20—150%.!2 Due to this encouraging reli-
ability and availability of the test, rFIXFc was
preferred to other FIX products with prolonged
half-life.

Relatively higher rFIXFc doses than expected
were necessary to reach WFH-recommended tar-
get FIX levels in our patient, at least in part
related to the large volume of distribution of the
rFIXFc and possibly a result of inevitably sur-
gery-associated bleeding episodes and dilution
effects from crystalloid fluids. Hence, no addi-
tional benefit may be derived from rFIXFc when
used in surgeries with inherently higher bleeding.
On the contrary, only one dose application
required for drain removal, wound healing, and
mobilization in our patient may illustrate a bene-
ficial role in the post-surgery period when stable
FIX concentrations seem favorable to allow ade-
quate tissue repair.

In summary, our case report suggests feasibility
and safety of perioperative FIX substitution with
rFIXFc in hemophilia B patients undergoing car-
diac surgery. Considering the higher cost of the
product, however, higher drug doses necessary
for intraoperative coagulation compensation than
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expected with prolonged half-life may point
toward a beneficial role rather in the post-surgery
setting than within surgeries when associated with
a generally higher risk of bleeding.

The presented work complies with the guidelines
for human studies, and the research was conducted
ethically in accordance with the World Medical
Association Declaration of Helsinki. The patient
provided written informed consent for publication
of the case presentation. According to the local
regulations, approval by the local ethical commit-
tee is not required for publication of case reports.

The patient provided written informed consent
for publication of the case presentation.
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