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Abstract

Background: Clinical trials have shown success in bleed prevention with emicizumab,

but real-world data on the effectiveness of emicizumab in preventing serious bleeds in

the pediatric population are lacking.

Objectives: To report real-world data on the effectiveness of Emicizumab in pediatric

persons with hemophilia A.

Methods: We completed a retrospective chart review of 37 pediatric male patients

aged ≤18 years on emicizumab prophylaxis for a median duration of 30.5 months at

Children’s Medical Center in Dallas, Texas.

Results: We identified 4 pediatric persons with severe hemophilia A with and without

inhibitors who experienced a provoked or unprovoked serious bleed requiring

hospitalization.

Conclusion: This study highlights that serious bleeds, both provoked and unprovoked,

can occur in pediatric persons with severe hemophilia A. These findings are important

for clinicians to provide appropriate counseling/education and recommendation of

treatment for pediatric persons with severe hemophilia A through shared decision

making. Up-titration of emicizumab or factor VIII replacement needs consideration in

persons with hemophilia with suboptimal bleeding control or who participate in ac-

tivities categorized as moderate- to high-risk activities.
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1 | INTRODUCTION

Nonfactor substitution therapy was recently introduced into hemo-

philia care. Emicizumab, the first approved agent in this therapeutic

class, is a recombinant, humanized, bispecific monoclonal antibody

that bridges factors IXa and X, substituting the role of factor VIIIa to

promote hemostasis in persons with hemophilia A [1]. Emicizumab

reduces annualized bleeding rates (ABRs) in persons with hemophilia

A on emicizumab prophylaxis with and without inhibitors [2–4]. It is

injected subcutaneously at 1.5 mg/kg once weekly, 3 mg/kg every 2

weeks, or 6 mg/kg every 4 weeks after a 4-week loading dose phase of

3 mg/kg weekly. The ease of administration via the subcutaneous

route and less frequent dosing are appealing to patients [5]. Despite

the increase in the utilization of emicizumab, real-world data on the

effectiveness of emicizumab in preventing bleeds, particularly with

serious bleeds, are scant. We report our experience with serious

iliopsoas bleeding in 4 pediatric persons with hemophilia A with and

without inhibitors on emicizumab prophylaxis at a single institution.
2 | METHODS

This was an institutional review board–approved retrospective chart

review where we reviewed medical records of persons with hemo-

philia A who received emicizumab prophylaxis between March 2019

and October 2022 at the Bleeding Disorders and Thrombosis Program

at the University of Texas Southwestern, Dallas, Texas. We collected

demographics, baseline hemophilia history, details surrounding bleeds,

and laboratory information in persons with hemophilia A with and

without inhibitors who were on emicizumab prophylaxis.
3 | RESULTS AND DISCUSSION

Our single-institution review included charts from 37 males aged ≤18
years on emicizumab prophylaxis (median duration of treatment was

33.5 months); among them, 92% had severe hemophilia A (SHA) (n =

34) and 8% had moderate hemophilia A (n = 3); the majority were

White (51%; N = 19), followed by Hispanic (30%), Black (11%), and

Asian (8%). We identified 4 persons with SHA with and without in-

hibitors who experienced a serious bleed (provoked and unprovoked)

requiring hospitalization.
3.1 | Case 1

A 17-year-old Hispanic boy with SHA without an inhibitor on 1.5 mg/

kg weekly emicizumab prophylaxis presented with a 2-day history of

worsening pain in his lower back, left hip, and thigh and left thigh

numbness after wrestling with his friends. The patient had been on

emicizumab for 26.4 months with an ABR of 0.45. He reported no

missed doses of emicizumab and had previously reported 1 provoked

toe bleed while playing soccer. Computed tomography of the
abdomen/pelvis revealed an asymmetric enlargement and heteroge-

neity of the left iliacus and psoas muscles (Figure 1A, B). His hemo-

globin (Hgb) level at an outside hospital was 7.4 g/dL, which was

decreased from his previous Hgb level of 14.1 g/dL that was measured

at his last clinic visit (6 months prior). He received a packed red blood

cell transfusion and was transferred to our hospital. His presenting

Hgb at our institution was 8.8 g/dL. Partial thromboplastin time (PTT)

was not obtained on admission. For this provoked iliopsoas bleed, he

was treated with scheduled recombinant factor VIII (rFVIII), was

initially placed on strict bed rest, and was allowed to have increased

activity with a physical therapist (PT) once his pain and hip extension

improved. He was hospitalized for 4 days, with a plan to continue

rFVIII for one more day and exercises provided by a PT. Given that he

did not have a previous spontaneous bleed while on emicizumab

prophylaxis, he continued weekly dosing of emicizumab. He was not

evaluated for antidrug antibodies or emicizumab concentration.
3.2 | Case 2

A 14-year-old Black boy with SHA without an inhibitor on 1.5 mg/kg

weekly emicizumab prophylaxis presented with a 1.5-week history of

right leg pain and swelling and right thigh numbness after sitting and

playing video games. The patient had been on emicizumab for 14

months, with an ABR of 0 while on emicizumab. He reported no

missed doses of emicizumab. Magnetic resonance imaging of the

abdomen/pelvis revealed a hematoma within the right iliacus muscle

extending into the right iliopsoas muscle (Figure 2A, B). His Hgb level

on arrival was 9.8 g/dL, which had decreased from the previous Hgb

level of 12.3 g/dL at his last clinic visit (6 months prior). PTT was not

obtained on admission. During his hospitalization, he received

scheduled rFVIII, was initially placed on strict bed rest, and was

allowed to have increased activity with a PT once his pain and hip

extension improved. He was admitted to the hospital for 3 days and

discharged with the plan to continue outpatient physical therapy and

daily rFVIII until pain resolved. He received 10 days of rFVIII. At a

subsequent clinic visit (1.5 years later), his PTT was normal at 24.8

seconds and endogenous thrombin potential (ETP) was 202 nM/min.

Given no other spontaneous bleed, he continued weekly dosing of

emicizumab and was not evaluated for antidrug antibodies or emici-

zumab concentration.
3.3 | Case 3

A 16-year-old Hispanic boy with SHA without inhibitor on 3.0 mg/kg

biweekly emicizumab presented with a 4-day history of progressive

pain/tingling in the left thigh and hip and decreased range of motion

while walking for a prolonged period at the local state fair. He had

been on emicizumab for 40 months with an ABR of 0 while on emi-

cizumab prophylaxis. He reported no missed doses of emicizumab.

Computed tomography of the abdomen/pelvis showed an intramus-

cular hematoma of the right iliopsoas muscle measuring 2.4 × 2.1 ×



F I GUR E 1 (A, B) Heterogeneous enlargement of the psoas and iliacus muscles (arrows) on computed tomography, consistent with a

hematoma in case 1.
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7.5 cm (Figure 3A, B). His Hgb level on arrival was 14.8 g/dL, which

was previously 15 g/dL at his last clinic visit (3 months prior). His PTT

on presentation was normal at 27 seconds. At a previous clinic visit (6

months prior), his ETP was 289 nM/min. During his hospitalization, he

received scheduled rFVIII, was initially placed on strict bed rest, and

was allowed increased physical activity with a PT once his pain and hip

extension improved. He was admitted for 4 days and was discharged

with the plan to continue exercise given by a PT and daily rFVIII until

pain resolved. He received rFVIII for a total of 7 days. Given no other

spontaneous bleed, he continued weekly dosing of emicizumab and

was not evaluated for antidrug antibodies or emicizumab

concentration.
3.4 | Case 4

A 12-year-old White boy with SHA with an inhibitor on 3 mg/kg

biweekly emicizumab prophylaxis with no reported missed doses for
F I GUR E 2 (A, B) Complex hyperintense STIR and hyperintense to mu

STIR, short-TI inversion recover; T1-W, T1 weighted.
17 months and an ABR of 1.40 (previously provoked knee and thigh

bleed) presented with a 4-day history of right groin pain after jumping

on a trampoline 1 day prior to onset of pain. Magnetic resonance

imaging of the hip revealed intramuscular fluid collection within the

left iliopsoas muscle measuring 6.1 × 5.1 × 12.9 cm (Figure 4A, B). His

Hgb level on arrival was 12.3 g/dL, and he had a previous Hgb level of

14.2 g/dL at his last clinic visit (3 months prior). PTT was not obtained

on admission. He received scheduled recombinant factor VIIa (rFVIIa),

was placed on strict bed rest, and was allowed increased physical

activity with a PT once his pain and hip extension improved. He was

admitted to the hospital for 4 days and discharged with a plan to

continue rFVIIa until pain resolved. He received 10 days of rFVIIa due

to continued pain. His emicizumab was changed from biweekly to

weekly dosing, given the bleed. He was not evaluated for antidrug

antibodies or emicizumab concentration given the provoked nature of

his bleed.

Herein, we report real-world data of pediatric persons with he-

mophilia A with and without inhibitors on emicizumab prophylaxis at a
scle T1-W hematoma in the right iliacus muscle (arrows) in case 2.



F I GUR E 3 (A, B) Diffuse enlargement and mixed high attenuation throughout the left iliopsoas muscle (arrows) in case 3.
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single institution. Our experience shows serious bleeding in persons

with hemophilia A on emicizumab prophylaxis, requiring hospitaliza-

tion. These cases emphasize the importance that serious bleeds can

occur both spontaneously and provoked in persons with hemophilia A

on prophylaxis with emicizumab.

Recent real-world evidence indicates that, in some adults, standard

emicizumab regimens cannot control all bleeds [6]. Schmitt et al. [7]

reported maintenance dose up-titration in only 3.6% (24/675) due to

suboptimal bleeding control. Up-titrationwasmore frequently adopted

in adults vs children/adolescents (only 3 were <12 years of age), those

previously treated with prophylaxis, and those who received emicizu-

mab 6 mg/kg every 4 weeks [7]. Another real-world report on bleeding

patterns of pediatric persons with hemophilia A suggests that bleeding

occurred in 43% (22/51) of their patients. Most of these bleeds were

minor (29.4% [15/51]) that resolved spontaneously or with anti-

fibrinolytics, and 19.6% (10/51) required additional FVIII treatment.

Most of these bleeds were trauma-related and occurred on biweekly

regimen of emicizumab prophylaxis [8]. In contrast, one case report by

Barg et al. [9] reported a baby with SHA on emicizumab with circum-

cision bleeding not covered with FVIII replacement. Otherwise, other
F I GUR E 4 (A, B) Hypointense on STIR and T1-W region in the right ilia

blood products in case 4. STIR, short-TI inversion recover; T1-W, T1 weig
real-world data on both pediatric and adult patients showed that pa-

tients experienced low ABR [10,11], and the most prevalent bleed was

traumatic musculoskeletal bleed [12]. In pediatrics alone, real-world

data showed to be efficacious (12/13 patients experienced no bleeds)

[13] and even eliminated target joints [14].

Steady-state emicizumab is reported to provide approximately

20% of FVIII-like activity [15]. At this level, a mild hemophilia

phenotype is assumed with bleeding episodes when provoked. This

could explain the bleeds in 2 of our cases participating in the National

Hemophilia Foundation categorized moderate- to high-risk activities

[16]. However, 2 cases experienced an iliopsoas bleed after being

sedentary or walking. A limitation of our study is the lack of ABR data

prior to initiating emicizumab prophylaxis. Perhaps these persons with

hemophilia A have a more severe bleeding phenotype. Alternatively,

these bleeds could be due to compliance issues, inadequate dosing, or

the development of drug antibodies. However, all patients report

taking their medication appropriately, and in our clinic, we track

emicizumab prescriptions, follow patients every 6 months, and adjust

dosing when needed. Another limitation of our study is not having PTT

data at presentation for all cases. Although it only takes extremely low
cus muscle (arrows), consistent with a hematoma that contains older

hted.
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levels of emicizumab to shorten PTT [17], reassuringly, 2 out of 4

cases had normalized PTT (on presentation and later in clinic).

Moreover, ETP (thrombin generation assay) in these same cases,

measured prior to or after hospitalization, ranged between 202 and

289 nM/min. At this range, this can have a predicted FVIII activity

level of slightly more than 20% [18]. We did not evaluate for drug

antibodies, but all patients have not experienced another bleed to

date, indirectly ruling out its presence, although antidrug antibodies

could have also been transient [19]. Finally, 3 of our 4 cases were

Hispanic or Black, which represents the patient population that our

program serves. The impact of minority racial composition on clinical

outcomes due to socioeconomic factors is plausible but could not be

systematically assessed due to a small study at a single center.

While we did not up-titrate emicizumab in our cases, given that

they presented with their first spontaneous bleed or bleed was

considered provoked, up-titration of emicizumab in cases with sub-

optimal bleed coverage may need consideration. A dose up-titration to

3 mg/kg weekly of emicizumab has been reported to be well tolerated

and resulted in improvement in bleed control for most participants [7].

Alternatively or in addition, factor VIII replacement should be

considered, especially in cases where persons with hemophilia A are

participating in moderate- to high-risk activities. Very recently avail-

able newer, longer-acting FVIII replacement therapies that showed

levels >40 IU/dL for most of the week might be the best option for

bleed coverage in persons with hemophilia A without inhibitors [20].

In conclusion, we report real-world data of serious bleeding in

pediatric patients with SHA with and without inhibitors receiving

emicizumab prophylaxis. These cases highlight that emicizumab pro-

phylaxis does not normalize hemostasis and that there is potential for

serious bleeds, which is important for clinicians to know to provide

appropriate counseling/education and recommendation of treatment

for persons with hemophilia A through shared decision making. In

addition, repeated education/counseling to families on bleed recog-

nition and early communication with their treatment team is crucial to

initiate early and effective treatment to prevent morbidities associ-

ated with such bleeds. The World Federation of Hemophilia Treat-

ment Guidelines for an iliopsoas bleed recommend at least 5 days of

treatment with FVIII replacement and a longer duration of secondary

prophylaxis with a PT [21]. We treated pediatric persons with he-

mophilia A with at least 5 days of FVIII replacement (longer with pain)

and then continued emicizumab as prophylaxis with a PT. Moreover,

emicizumab dose up-titration and/or FVIII replacement needs

consideration for patients with suboptimal bleeding control, especially

in patients who wish to participate in moderate- to high-risk physical

activities. Head-to-head comparisons of current novel therapies and

studies establishing up-titrating dosing regimens for suboptimal bleed

controls are needed to establish individualized treatment plans for

preventing bleeds in persons with hemophilia A.
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