Hemostasia
v Trombosis

REVISTA IBEROAMERICANA DE TROMBOSIS Y HEMOSTASIA

5

PERMANYER

’ '.) Check for updates

SCIENTIFIC LETTER

Inhibitors in hemophilia B in the era of extended half-life
FIX concentrates: a case report
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Introduction

The development of inhibitors is currently recognized
as the most important complication of replacement ther-
apy in patients with hemophilia. In patients with hemo-
philia B (HB), the risk of developing an inhibitor is lower
than in patients with hemophilia A (HA). The reported
frequency of inhibitor development is less than 5%
among all patients with HB and between 9% and 23%
in cases with severe disease. Approximately 80% of the
inhibitors that develop in HB are high-responding.’

Inhibitors develop as a consequence of a multifacto-
rial process in which both genetic and non-genetic risk
factors are involved; however, in HB — and probably
due to the small number of patients who develop an
inhibitor — there is limited information establishing a
relationship between their occurrence and non-genetic
risk factors.

Obijective

To report the experience with the use of recombinant
FIX concentrate fused to recombinant albumin in the
management of a patient diagnosed with severe HB
who, after developing an inhibitor and after three failed
attempts at immune tolerance induction (ITl) therapy
with standard half-life recombinant FIX concentrate
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(SHL-rFIX), including the use of immunosuppression,
achieved complete success after switching to Idelvion®
(albutrepenonacog alfa, an extended half-life FIX con-
centrate fused to recombinant albumin, rFIX-FP).

Case description

This is the case of a 17-year-old adolescent diag-
nosed with severe HB (FIX 0,6%) at 6 months of age
in the context of a spontaneous cerebral hemorrhage.
Intensive treatment with SHL-rFIX was initiated for
21 days, which required the placement of a first port-a-
cath. After this period, the patient was discharged and
recovered without sequelae. At that time, prophylaxis
with SHL-rFIX was initiated at a dose of 40 |U/kg,
3 times per week. The result of the genetic study
revealed a mutation (guanine deletion in exon 2 [nucle-
otide 6403] of the F9 gene) resulting in a stop codon.
During childhood, the patient exhibited a severe hem-
orrhagic phenotype with multiple bleeding episodes up
to the age of 7 years, particularly in the left ankle,
despite maintaining trough levels > 1-2%. Until that time,
all inhibitor determinations had been persistently nega-
tive. At the age of 7 years, and after more than 500
exposure days (ED), a high-titer inhibitor was detected
(32 Bethesda units [BU]) with type 2 kinetics. At that
time, daily ITI therapy was initiated (dose of 100 [U/kg).
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Figure 1. First pharmacokinetic evaluation with rFIX-FP (July 2023). Balanced estimation. CFIX: FIX concentrates; 95%

Cl: 95% confidence interval.

Analytical monitoring was scheduled every 4 weeks:
24-hour urine testing initially monthly and later quarterly,
monthly biochemical analysis, urine dipstick testing after
each administration (to monitor the appearance of pro-
teinuria and signs of nephrotic syndrome), and monthly
inhibitor determination. Approximately 6 months later,
due to persistence of the inhibitor (8 BU), an anti-CD20
monoclonal antibody was added (4 doses; 375 mg/m?/
week), resulting in inhibitor negativization but without
normalization of recovery or half-life (partial success).
A gradual dose reduction was attempted until reaching
50 IU/kg every 48 h, at which point the inhibitor
rebounded (4 BU). The SHL-rFIX dose was increased
to 50 IU/kg/day and, 2 months later, the inhibitor was
negative. Bleeding episodes were treated with recombi-
nant activated FVII (when the inhibitor was positive) and
with SHL-rFIX when it was negative. The year 2020 was
particularly complicated. First, during removal of the
port-a-cath due to infection, the patient developed an
allergic reaction, although the causative agent could not
be determined (antibiotic therapy used, SHL-rFIX, fac-
titious urticaria). Therefore, a structured desensitization
protocol was carried out by the Allergy Department.
Second, the patient was proposed for participation in a
clinical trial with a subcutaneously administered rebal-
ancing agent, but was ultimately rejected because,
according to the trial sponsor, the inclusion criteria were
not met. After more than 4 years of daily administration
of SHL-rFIX, in July 2023 mild proteinuria was detected
in a 24-hour urine analysis (0,20 g/24 h; 0-0,15),

confirmed 7 days later (0,30 g/24 h). After reviewing the
literature,® we decided to switch to recombinant albu-
min-fused FIX (rFIX-FP) at a dose of 60 IU/kg (total,
3.000 IU), adjusted according to pharmacokinetics
(WAPPS-Hemo®) every 5 days (plasma level at 120 h
3,3%, recovery at 30 minutes 66%) (Fig. 1). The patient
presented accelerated clearance and a reduced half-life
vs the estimates reported by Zhang et al.,®> who sug-
gested that with a dose of 50 IU/kg in a child older than
12 years, FIX levels > 5% should be maintained for
12,5 days, > 3% for 15,5 days, and > 1% for a total of
23 days.

After presenting two traumatic muscle hematomas
within the first 2 months, in the context of sports prac-
tice (soccer), which responded well to the administra-
tion of two additional doses of 3.000 IU of rFIX-FP
spaced 48 h apart, the infusion regimen was reduced
to every 4 days for 2 months. Due to the patient’s favor-
able clinical course and the progressively higher trough
levels recorded, the infusion interval was gradually
extended, remaining for 4 months on a regimen every
4 days and then for 6 months every 5 days. At
10 months, after documenting a trough level of 27%,
weekly prophylaxis was initiated. At the 1-year fol-
low-up, the patient can be considered to be “in remis-
sion”; with an infusion regimen of 55,5 IU/kg every
7 days, trough FIX levels of 18% were observed (recov-
ery 88%) (Table 1 and Fig. 2) (for FT4, in children aged
12 to < 18 years, 88,8 h; 51,5-130,0). In addition, the
patient has remained free of bleeding during the last
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Table 1. Comparison between the balanced estimates of WAPPS-Hemo®

Parameter Time to reach 0,05 IU/dL Time to reach 0,02 IU/dL Time to reach 0,01 IU/dL Half-life
July 2023 130 h 2205 h 335.75 h 78 h
September 2024 447.75 h 672.75 h 898 h 142.25 h
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Infusion data used for this estimation
Identification Drug Total IU  IU/kg End of infusion CL AUC (IUxh/L)
103761 Idelvion 3000 63,2 2024-07-10 09:00 0,042 71189
Elapsed time (hh:mm) Before the dose Plasma factor concentration (IlU/mL) Notes
-00:10 (V] 0,188 UI/mL (18,8%)
+00:30 0,665 Ul/mL (66,5%)
+120:00 0,273 UI/mL (27,3%)
+144:00 0,188 UI/mL (18,8%)

Figure 2. Pharmacokinetics with rFIX-FP (September 2024). Balanced estimation. AUC: area under the curve; CL:

clearance; PK: pharmacokinetics; 95%Cl: 95% confidence

10 months, with a substantial improvement in quality of
life and a degree of independence and autonomy that
had not previously been achieved. The most recent
joint evaluation performed using HEAD-US (October
2024) showed a score of 1, with synovial hypertrophy
in the left ankle (the previous score in 2023 was 2). For
the remaining joints, the score was 0.

Discussion

Risk factors for the development of inhibitors include
the presence of large deletions (as in this patient) and

interval.

null mutations in the F9 gene, as well as early and
intensive exposure to FIX concentrates, as occurred in
our patient. Male et al.®> described a cumulative inci-
dence of inhibitors of 10,2% at 500 exposure days (ED)
in a well-defined, unselected cohort of previously
untreated patients with severe HB. Our patient devel-
oped the inhibitor after more than 500 ED despite hav-
ing received intensive treatment at diagnosis.

ITlin patients with HB and high-titer inhibitors is per-
formed less frequently than in patients with HA due to
the lower success rate reported and the risk of severe
complications such as anaphylactic reactions or the
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Table 2. Pharmacokinetic comparison before and after 12
months following the initiation of prophylaxis with rFIX-FP

Recovery Predicted levels
at 14-15 days
(WAPPS,
balanced)
July 2023 66% At 120 h: 3,3% 1%
September 88% At 144 h: 18,8% 7.4%

2024

rFIX-FP: recombinant FIX concentrate fused to recombinant albumin.

development of nephrotic syndrome. Therefore, the
available evidence on inhibitor eradication in patients
with HB is very limited, and management is generally
carried out in a manner similar to that used for inhibitors
against FVIIl. At the same time, the criteria for defining
immune tolerance success are not clearly established.
On the other hand, new subcutaneously administered
molecules such as Concizumab® or Mastarcimab®,57’
inhibitors of the tissue factor pathway, have demon-
strated the safety and efficacy profile in preventing
bleeding in patients with inhibitors in both HA and HB.
In the field of HB, they could change the prognosis,
even survival, of patients who develop inhibitors against
FIX and are not candidates for ITI. They may even call
into question the use of ITI in those few patients with
HB who develop inhibitors against FIX.

Recently, Palomo Bravo et al.? reported their experi-
ence in the treatment of a pediatric patient who devel-
oped a high-titer inhibitor to SHL-rFIX associated with
an anaphylactic reaction. In that case, successful
immune tolerance induction without immunosuppres-
sion was achieved using very low doses of rFIX-FP that
were gradually increased. In our case, this was the first
report of such an experience, which encouraged us to
proceed with the switch. Although several mechanisms
involved in the development of inhibitors against FIX
have been hypothesized, it has been suggested that
mast cells present in the extravascular space, upon
contact with extravasated FIX, could trigger an IgE-
mediated hypersensitivity reaction.® The influence of
the larger volume of distribution of SHL-FIX or comple-
ment activation due to the formation of transient IgG1
antibodies has also been proposed’. In the case of
rFIX-FP, whose pharmacokinetics appear to follow a
bicompartmental model,*'" the molecule shows a small
volume of distribution and minimal extravascular distri-
bution, which could reduce the risk of anaphylaxis.
These allergic reactions have been associated with the

development of nephrotic syndrome. Typically, this con-
dition appears around 8 or 9 months after the start of
ITI with high doses of FIX and presents with symptoms
such as periorbital edema, proteinuria, hypoalbumin-
emia, and oliguria. Our patient had been receiving daily
SHL-rFIX at doses of approximately 40-50 [U/kg/day for
more than 4 years following desensitization, with regu-
lar 24-hour urine monitoring and urine dipstick testing
after each infusion. Although it seemed unlikely, the
mere “threat” (proteinuria confirmed by two determina-
tions even in the absence of hypoalbuminemia or oli-
guria) was considered sufficient to propose a change
of product. Although the etiology remains unknown, it
appears to be related to immune complex deposition,
although this has not yet been fully elucidated. In pub-
lished cases, renal biopsy has described membranous
glomerulonephritis without the presence of FIX immune
complexes.’”” In some cases, the syndrome resolves
after discontinuation of treatment with FIX concentrates
(CFIX); in others, corticosteroid therapy has been
required, and irreversible cases have also been
reported.

The success of this individual case is evident: first,
proteinuria disappeared and therefore the risk of devel-
oping nephrotic syndrome was reduced due to the
lower dose received and the lower protein content of
the new molecule. A progressive normalization of phar-
macokinetic parameters was observed without inhibitor
rebound. The first study, in July 2023, showed a recov-
ery of 66%, FIX plasma levels of 3,3% at 120 h, and
the balanced prediction in relation to FIX levels at
14 days was 1%. Pharmacokinetic evaluation one year
later showed a recovery of 88,3%, FIX plasma levels
of 18% at 144 h, and a predicted level at 15 days of
7,4%, values within the normal range for a patient of
this age (Tables 1 and 2).

Furthermore, rFIX-FP achieved adequate clinical
control and substantially reduced the treatment burden
(approximately 80%). The economic cost decreased
slightly, although the difference is expected to become
more noticeable after one year of treatment.
Nevertheless, this case is not generalizable; however,
it is important to report experiences of this type to
“open the door to new hypotheses regarding the doses
required to achieve immune tolerance with other factor
concentrates,” as stated by Dr. Palomo Bravo.?

Conclusions

The management of patients with severe HB who
develop inhibitors remains one of the major challenges



faced by healthcare professionals involved in their care.
As with the publication by Palomo Bravo et al., this case
reinforces the potential of rFIX-FP as a viable alterna-
tive for immune tolerance induction, highlighting the
possibility of avoiding immunosuppression and the risk
of its associated adverse effects in patients who
develop complications such as anaphylactic reactions
or a potential risk of nephrotoxicity. The experience
obtained suggests that the use of extended half-life
products could be key to improving clinical outcomes
in difficult-to-treat patients through personalized thera-
pies, reducing the need for frequent infusions and
improving patients’ quality of life. Further studies are
needed to establish standardized protocols that include
these extended half-life concentrates, similar to what
has been done in HA with certain extended half-life
FVIII concentrates, in the management of inhibitors in
HB, especially in patients at high risk of immunological
complications.

We believe that this case provides some evidence
regarding its efficacy and safety, although we empha-
size the need for future research and the development
of treatment protocols.
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