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Abstract: This study presents a transversal investigation, that we performed at Fundeni hospital, into the 

therapeutic benefits and efficacy of Emicizumab, a non-factor therapy, in the context of hemophilia A. Ten 

patients diagnosed with hemophilia A were closely monitored, using clinical and laboratory resources, during 

the course of Emicizumab treatment, with an average of 12.8 months. Among these patients, six exhibited anti-

factor VIII inhibitors, changing the medical approach and adding complexity to their clinical profiles. A 

comprehensive approach was adopted to assess the coagulation status of patients under Emicizumab therapy. 

The study employed several key coagulation monitoring tools, of which including thrombin generation time 

(TGT) and thrombelastography (TEG). These methodologies proved highly valuable results in evaluating the 

patients' coagulation profiles during the treatment regimen. Additionally, traditionally coagulation assays 

were utilized to gain a comprehensive understanding of the overall coagulation dynamics. Noteworthy, 

impressive outcomes emerged from the study. During prophylaxis with Emicizumab all patients had 

experienced a reduced number of bleeding events. Moreover, a subset of these patients underwent major 

surgical procedures (orthopedic joint replacements) with successful outcomes. These findings underscore the 

potential of Emicizumab therapy as an effective option for hemophilia A patients, including those that 

presented a prompt production of anti-factor VIII inhibitors. As for the outcomes, this transversal study sheds 

some light on the positive impact of Emicizumab therapy in addressing the coagulation challenges posed by 

hemophilia A. The utilization of global coagulation assays, such as thrombin generation time, 

thrombelastography and combined with traditional coagulation assays, used as monitoring tools highlights 

their significance once more in evaluating the therapeutic response. This research contributes by providing 

physicians with valuable insights to the field, offering a potential avenue for improved patients’ care and 
treatment strategies that translate in enhanced quality of life for hemophilia A patients undergoing 

Emicizumab therapy. 
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1. Introduction 

Hemophilia A is a rare, congenital disorder with X-linked transmission, characterized by a 

deficiency in factor VIII (FVIII) caused by a mutation found on the X chromosome. The condition has 

more clinical significance for males, through spontaneous or post-traumatic bleeding, especially in 

joints and muscles. Over time, repeated hemarthroses lead to joint destruction, that ultimately results 

in a negative impact on locomotor function, quality of life and social integration1. 

Hemophilia treatment has evolved tremendously in recent decades. From a historic point of 

view, fresh frozen plasma or cryoprecipitate (with the risk of allergic reactions or transmission of 

viral diseases) were considered the first, as well as the single, lines of therapy. It was only when 

researchers successfully purified and concentrated factor VIII compounds, that were able to 

ultimately expand the perspectives of hemophilia treatment2. The World Federation of Hemophilia 
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(WFH) recommends prophylactic therapy to all people with hemophilia, to prevent joint 

degradation, avoid life-threatening bleedings and improve the quality of life3. Despite the progress 

made when using substitution therapy (recombinant products and extended half-life factor 

concentrates), hemophiliacs will find themselves in a situation where they might still experience 

clinical or subclinical bleedings 4-7, more importantly, 30% of them may develop anti-FVIII inhibitors8, 

a complication still feared in the management of the disease. On the other hand, prophylaxis involves 

regular, frequent (every 2-4 days, or even daily), intravenous injections, a real challenge for the 

patient/caregiver, as well as for the medical institutions, that tend to overcrowd fast. Consequentially, 

the compliance to the treatment regimens will decrease, with a negative impact on the therapy’s 
efficiency and increased risk of developing long-term complications associated with the bleeding 

patterns9. 

People who develop inhibitors (neutralizing antibodies, most predominant IgG) no longer 

respond to standard factor VIII concentrates and their therapeutic options include an inhibitor 

eradication protocol or immune tolerance induction (ITI), bypass agents (BPAs): activated 

prothrombin complex concentrate (aPCC) or recombinant activated factor VII (rFVIIa). Although 

immune desensibilization induction therapy can eradicate, or at least keep the antibodies under 

control, it is demanding for patients and their family (with daily administration of high doses of factor 

VIII for a long time, up to 1.5 years, and frequent monitoring of coagulation tests), with the success 

dependent on compliance and compliance (optimal success rate of 70-80%10). When talking about the 

two available bypassing agents, although they have similar hemostatic effectiveness11, they are more 

difficult to monitor through laboratory tests in comparison with FVIII products, more expensive and 

the individual response is not predictable. On the other hand, it is known that patients with inhibitors 

have a higher rate of bleeding episodes (which is even more difficult to treat) and a higher recurrence 

of acute joint and muscular events, which leads to a faster degradation of the knee joint, with an 

increased risk of morbidity and disability when compared to patients without inhibitors12-14. 

Advanced cases of hemophilic arthropathy require major orthopedic interventions, procedures 

which are often denied due to the associated risks and very high costs. 

New therapeutic strategies have been developed to improve the standard in medical care for 

patients with hemophilia and overcome the barriers represented by incomplete protection, the 

difficulty of chronic intravenous administration15-17 and low adherence. 

Thus, in February 2018, Emicizumab received European Medicines Agency (EMA) authorization 

to be used prophylactically in patients with hemophilia with inhibitors, and in January 2019, it was 

approved for patients without inhibitors. In June 2021, it entered the Romanian market for patients 

with inhibitors and in April 2022, hemophilia patients without inhibitors were also included. 

Overview 

Emicizumab, a non-factor therapy (NFT), is a humanized, bispecific, IgG4 monoclonal antibody 

that mimics the action exerted by FVIII by binding to activated factor IX (FIXa) and factor X (FX), 

leading to the activation of the coagulation cascade and the formation of thrombin18. The half-life of 

the product is approximately 4-5 weeks19. 

Subcutaneous administration and at intervals of 1, 2 or 4 weeks makes it very attractive, 

especially among patients with low compliance to prophylaxis regimens due to poor venous access 

and those with frequent bleeding even at optimal doses. Emicizumab is administered at a loading 

dose of 3 mg per kilogram of body weight (mg/Kg bw), once a week for the first 4 weeks followed by 

the maintenance dose, once a week - 1.5 mg/Kg bw, every 2 weeks - 3 mg/Kg bw or every once every 

4 weeks 6 mg/Kg bw19. All therapeutic regimens have an acceptable safety profile and similar clinical 

efficacy. 

A series of extensive clinical studies (HAVEN 1-5) have put into perspective the safety and 

efficacy profile of Emicizumab in both pediatric and adult patients, with or without inhibitors. The 

results showed a clear superiority of Emicizumab treatment compared to prophylaxis with FVIII 

(68% Annualised Bleed Rate (ABR) reduction) or BPA (79% ABR reduction) and an improvement in 

the quality of life20,21. It was also found that a higher percentage of patients under treatment with 
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Emicizumab reached zero bleeding (71% of patients with inhibitors) compared to patients under 

prophylactic treatment (12.5% of those under prophylaxis with BPA). Moreover, the low bleeding 

rates were maintained and even improved in weeks 24-48 and 48-72, suggesting that long-term 

prophylaxis with Emicizumab successfully improves joint status22. 

The most frequent adverse reactions were at the injection site (mild or moderate), followed by 

arthralgia, myalgia, headache, diarrhea or fever19,23. A rare and serious complication of Emicizumab 

is represented by the thrombotic microangiopathy (TMA), which was observed in patients using 

aPCC concomitant with Emicizumab for bleeding episodes (Oldenburg et al., 2017). The 

recommendation is that the treatment has to be initiated in a reference center, by doctors with 

experience in the management of hemophilia A, with or without inhibitors and with the support of a 

dedicated laboratory. When addressing patients with inhibitors from a therapeutic point of view, 

aPCC treatment is recommended to be stopped at least 24 hours before the initiation of Emicizumab, 

and in case of bleeding episodes, rFVIIa should be used as the first-line treatment (aPCC should only 

be used if it remains the only available option, and the doses should not exceed 50 IU/Kg bw/day due 

to the risk of thrombosis)26. For patients without inhibitors, prophylaxis with FVIII can undergo in 

parallel with Emicizumab until the second loading dose, after which, secondary administrations will 

take place only in case of bleeding20.  

Emicizumab monitoring remains a challenge for attending physicians and laboratories. 

Although in current practice it is not a necessity, monitoring is indicated perioperatively or in cases 

of spontaneous bleeding, occurring during therapy. One-stage coagulation tests (based on APTT) are 

not recommended because Emicizumab normalizes APTT at very low concentrations27,31, an effect 

that is maintained up to 6 months after discontinuation25,26. Also, keeping a track of the inhibitor level, 

using the Bethesda one-stage method can give false negative results, since Emicizumab is not 

inactivated by heat or neutralized by anti-FVIII antibodies. The plasmatic level of factor VIII should 

be evaluated using chromogenic tests that take advantage of bovine reagents, which are not 

influenced by the presence of Emicizumab28. This is due to the fact that both the FIXa and FX formed 

during the reaction are of bovine origin and so they only bind to endogenous FVIII from human 

plasma, thus reflecting the activity of FVIII in the sample and not the hemostatic effect of 

Emicizumab32. The same kit should be used in the detection of inhibitors31,32. An alternative method 

is to measure the plasmatic concentration of Emicizumab, that has an effectiveness interval between 

30 and 70 mcg/ml.32,33 

There is growing interest in specific coagulation tests, such as thromboelastography (TEG) and 

thrombin generation time (TGT), to monitor the patient's coagulation status, but more data is needed 

in order to better understand the use cases in this field. The available data, however, showed that 

TGT displays a linear, dose-dependent increase in generation of thrombin and thus, it can be used to 

monitor hemostatic response in patients treated with Emicizumab30,32. 

A summary of Emicizumab’s advantages and disadvantages is given in Table 1. 

Table 1. Advantages and disadvantages of Emicizumab administration. 

Advantages Disadvantages 

Subcutaneous administration in patients 

with/without inhibitors 

Theoretical risk of thrombosis (especially when 

associated with the administration of aPCC in a 

dose >100 IU/Kg bw/day) 

Extended half-life, ensures longer protection 

Only as a preventive treatment; bleeding 

episodes or surgeries require FVIII/ BPA 

supplementation 

Low risk of anti-drug antibodies (ADA)-type 

inhibitors (3.5%)24 
Hardly reversible 

Increased effectiveness in preventing bleeding 

regardless of the absence or presence of inhibitors 
Difficult to monitor through laboratory tests 

 
Less intuitive than factor therapy 
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2. Case reports 

In the Hematology Department of Fundeni Hospital, 10 adults with Hemophilia A with an 

average age of 44.7 years have been treated with Emicizumab; 6 patients have presented inhibitors (1 

with low plasmatic level) and 4 without. Seven out of these ten patients were previously in a 

prophylaxis program with factor VIII concentrates or bypassing agents and three patients were under 

on-demand treatment (very difficult venous access, impossibility of self-administration and/or low 

educational and financial status) (Table 2). The inclusion criteria were composed of precarious 

venous access, presence of bleeding episodes despite prophylaxis therapy, target joints with frequent 

hemarthroses, an active lifestyle that required increased protection against bleeding, and low 

compliance to prophylaxis protocols due to difficulties in intravenous administration. 

Table 2. Demographic and clinical characteristics of patients. 

Age 

Median (years) 44.7 

Range (years) 18-64 

Hemophilia severity 

Severe 9 

Moderate 1 

Mild 0 

Inhibitor status 

Present 6 

Absent 4 

Previous prophylaxis 

Yes 7 

No 3 

Annualized bleeding rate (ABR) 

Median 8 

Range 4-16 

All patients received prophylactic doses of Emicizumab with a loading dose of 3 mg/kg bw once 

per week for 4 weeks, followed by a maintenance dose of 1.5 mg/kg bw weekly (interval chosen in 

collaboration with the patients). The first administration was carried out in the hospital by the 

medical staff, the second was carried out by the patient under medical supervision and the following 

doses were self-administered at home. 

The therapeutic interval had an average of 12.8 months (4-28 months interval). There were no 

spontaneous bleedings, two patients had minor bleeding of the knee’s joint capsule after physical 

activity (managed at home with a single dose of 30 mcg/kg bw rFVIIa), one patient required an 

additional dose of rFVIIa (50 mcg/kg bw) before an invasive dental procedure, one patient with a low 

plasmatic level of inhibitors required laparoscopic cholecystectomy and two patients with a high 

plasmatic level of inhibitors underwent major orthopedic surgery (total knee joint arthroplasty and 

total hip prosthesis revision with bone allograft) more than 6 months after Emicizumab initiation 

(Table 3). 

Table 3. principal characteristics of study group, age, inhibitor status, previous treatment regimen, 

ABR before and after Emicizumab. 

No. Age Inhibitors 
Previous 

prophylaxis 

Prophylactic 

dose 

ABR before 

Emicizumab 

Duration of 

Emicizumab 

treatment 

(months) 

Emicizumab 

dose 

ABR after 

Emicizumab 

initiation 

1 22 + aPCC 
50 IU/kg bw x 

5 days/week 
6.5 28 

1.5 mg/kg 

bw/week 
1 
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2 54 + aPCC 
50 IU/kg bw x 

3 days/week 
6 19 

1.5 mg/kg 

bw/week 
0 

3 36 + rFVIIa 
90 mcg/kg bw 

x 3 days/week 
8 19 

1.5 mg/kg 

bw/week 
0 

4 64 - pdFVII 
25 IU kg bw x 

3 days/week 
4 13 

1.5 mg/kg 

bw/week 
0 

5 50 + aPCC 
50 IU/kg bw x 

3 days/week 
7.5 19 

1.5 mg/kg 

bw/week 
0 

6 44 - - On demand 16 8 
1.5 mg/kg 

bw/week 
0 

7 59 + - On demand 11 8 
1.5 mg/kg 

bw/week 
1 

8 18 + aPCC 
50 IU/kg bw 

x3 days/week 
6 6 

1.5 mg/kg 

bw/week 
0 

9 50 - - On demand 10 8 
1.5 mg/kg 

bw/week 
0 

10 50 - pdFVIII 
25 IU/ kg bw x 

3 days/week 
5 3 

1.5 mg/kg 

bw/week 
0 

The reported adverse reactions included moderate increase in blood pressure (two patients) and 

moderate arthralgia and myalgia (one patient). One patient stated a mild reaction at the injection site 

(erythema). 

Patient 1 

A 22-year-old patient, diagnosed at 1 year and 6 months with severe hemophilia A, with a high 

plasmatic level of inhibitors since 2009, has been under prophylactic treatment with aPCC since 2015 

(3 administrations/week). Due to the unavailability of ITI and the late initiation of the prophylactic 

treatment, the patient has a poor joint status, with chronic hemophilic arthropathy of his ankles, knees 

and elbows and presents frequent bleeding (ABR >8). Since 2019, the patient is receiving daily 

administrations of aPCC 50 IU/kg bw 5 days/week because he became a physically active college 

student. The joint bleeding continued (ABR ~6.5), especially in the articulation capsule of the knee’s 
joint, with a negative impact on the patient's quality of life (missed days from classes, long 

hospitalizations, chronic pain and the need for crutches). Intravenous administration was 

increasingly difficult due to the lack of venous access and needle phobia. From March 2021, thanks 

to the patient support program from Roche, the patient was switched on Emicizumab treatment, with 

weekly subcutaneous administrations. The clinical evolution was clearly favorable: the patient had 

no more spontaneous joint bleeding (only in the context of intense physical effort) and his joint status 

improved, with no missed days from classes and no more need for crutches. 

Patient 2 

A 54-year-old patient with severe hemophilia A, without inhibitors, with associated cardiac 

pathology (hypertension, aorto-coronary bypass), was receiving chronic dual antiplatelet therapy 

and prophylactic treatment with pdFVIII 3 days/week since 2017. The patient addresses our service 

with advanced chronic arthropathy, with frequent bleeding in both knees, ankles and elbows and 

locomotory deficiency(walking with crutches). Due to difficulty of assuring and maintaining a viable 

venous access, we decided to insert a port-cath-type central venous catheter. Unfortunately, the 

patient experienced repeated infectious complications that required prolonged hospitalization for 

antibiotic therapy and the catheter extraction as a last measure. In total, the patient was fitted with 4 

port-type catheters and one long-life Hickman catheter. The last infectious episode was so severe, 

with sepsis, hypotension, and kidney damage, that the decision was finally to initiate subcutaneous 

treatment with Emicizumab in May 2022. The treatment was well tolerated (occasional increase in 
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blood pressure, myalgias and arthralgias). The costs of Emicizumab therapy are higher compared 

with prophylaxis using pdFVIII, but the costs are ultimately elevated by the association with 

prolonged days of hospitalization for the treatment of infections, bleeding episodes and surgical 

procedures to implant/extract central venous catheters. Adjacent hemorrhagic risks must also be 

taken into account. The patient's quality of life greatly improved and he did not experience any 

bleeding. 

Patients 3 and 4 

The patients, aged 36 and 64 years, with severe hemophilia A with a high plasmatic level of 

inhibitors, have been receiving prophylactic treatment with rFVIIa/aPCC since 2017; they had chronic 

hemophilic arthropathy and a history of major orthopedic interventions (total knee and hip 

arthroplasties) performed under treatment with rFVIIa or aPCC, with difficult evaluation of the 

coagulation status, requiring additional doses of factor VIII and even blood transfusions in case of 

the first patient. Both patients started the treatment with Emicizumab in November 2022 and after 

more than 6 months, both patients required other major orthopedic interventions (total left knee 

replacement and maintenance for the hip replacement). Perioperatively, in both cases, rFVIIa was 

used accordingly to the Giangrande protocol34. The preoperative bolus of rFVIIa was 120 mcg/kg bw, 

followed by 90 mcg/kg bw every 2 hours during first 2-3 days, with a progressive increase in 

administration interval between doses. Emicizumab administration continued in parallel. No 

bleeding complications were registered and the total number of days spent in hospital (7 days), as 

well as the factor consumption were lower compared to previous interventions. No adverse events, 

especially thrombotic ones, were reported. Postoperative monitoring was performed using 

chromogenic methods with bovine reagents, and dosing was adjusted based on the serum level of 

Emicizumab and specific coagulation assays (thromboelastography and thrombin generation time). 

Laboratory evaluation 

Considering that Emicizumab is an innovative drug, with a different mechanism of action 

compared to the usual factor concentrates and was only recently introduced into the treatment of 

romanian hemophilic patients, the hemostasis laboratories played an essential role in the 

implementation and utilization of this molecule as well as in monitoring of the patients’ response. 
Extensive research of the literature was necessary in order to better understand the decision-making 

processes, to purchase special reagents, train and adapt the laboratory staff for working protocols 

and calibrate the devices. 

In the case of the first patient, to whom we initiated Emicizumab therapy through the patient 

support program, we could not use the specific chromogenic tests or monitor the Emicizumab serum 

level from the beginning, although these measurements were performed later. We used 

thrombelastography (TEG) and the thrombin generation time (TGT) to evaluate the coagulation 

response during the first months of treatment. Before the therapy introduction, APTT was 94.3s, FVIII 

was <1% and TEG indicated poor global coagulation (Figure 1). After 2 months of treatment, the TEG 

result was within normal limits (Figure 2). The typical, one-stage assays showed that APTT and FVIII 

activity normalized since the beginning of Emicizumab administration, as found in the literature28.  

 

Figure 1. TEG before Emicizumab therapy. 
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Figure 2. TEG after 2 months of Emicizumab therapy. 

The thrombin generation time (TGT) was measured before the initiation of the therapy (Figure 

3) and after 2 months of Emicizumab (Figure 4). The normalization of the tested parameters was 

observed. 

 

Figure 3. TGT before Emicizumab therapy. 

 

Figure 4. TEG after 2 months of Emicizumab therapy. 

Later, the chromogenic tests with bovine reagents were also used in our clinic, accompanied by 

the measurement of the residual level of endogenous FVIII, APTT and the inhibitor plasmatic level. 

The Emicizumab level at 6 months after initiation varied between 28.6 and 45 mcg/ml, with a median 

of 40,31 mcg/ml (Chart 1). 
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Chart 1. showing the Emicizumab plasma levels measured after 6 months of therapy; the levels in 

patients 9 and 10 levels had not been measured yet. 

3. Discussions and Conclusions 

Emicizumab is a novel therapeutic agent with reproduceable good tolerance and efficacy in 

preventing spontaneous, breakthrough bleeding episodes in both inhibitor and non-inhibitor 

hemophilia A patients.  

Here, we reported our experience with prophylaxis Emicizumab for 10 adult hemophilia A 

patients, with and without inhibitors. The introduction of Emicizumab therapy was associated with 

a significant improvement in bleeding rates and in quality of life for our patients. The ease of 

subcutaneous administration represented a great advantage, especially among those with very 

difficult venous access or with a lack of self-administration skills. The increased compliance to the 

treatment had beneficial repercussions on the efficiency of the therapy, with an improvement in the 

joint status, reduction of chronic pain and improvement of quality of life.  

The treatment was well tolerated, without major adverse reactions, without thrombotic events 

or specific antibodies formation. The impact of Emicizumab was also felt in terms of major surgical 

interventions, which occurred in optimal conditions in association with factor VIII or BPA and 

without spontaneous bleeding that would require additional measures. 

The major challenge that remained was laboratory monitoring since the specific reagents were 

not available in our hospital from the beginning of treatment initiation and laboratory staff had to 

receive special training in performing these assays. Emicizumab level was measured in 8 out of 10 

patients and the results were very satisfying, 75% of patients (6/8) having therapeutic levels above 40 

mcg/ml. Two out of the 8 patients had lower levels (28.6 and 30 mcg/ml), but they reported no 

spontaneous bleeding events, suggesting that lower levels may also be effective in preventing 

bleeding events. Thrombin generation time and thromboelastography are useful tools in evaluating 

hemostatic responses, especially during major surgeries in patients with inhibitors, but they are not 

available in all hospitals.   

The results of our study are comparable with previously reported data from both clinical trials 

and real-life experience, with similar decrease in ABR, highlighting the beneficial effects of 

Emicizumab therapy on hemophilia patients. Even if the number of patients is low, our study 

provides good clinical practice data for other hemophilia centers in Romania and will support the 

increasing demand for enrolling patients on Emicizumab and overcome the fear of associated 

laboratory challenges.  
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aPCC—activated prothrombin complex concentrate 

ABR—annual bleeding rate 

APTT—activated partial thromboplastin time 

BPA—bypassing agent 

BU—Bethesda units 

FVIII—factor VIII 

FIXa—activated Factor IX 

FX – factor X 

ITI—immune tolerance induction 
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kg BW—kilograms of body weight 
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rFVIIa—recombinant activated factor VII 

TEG—thromboelastography 

TGA—time for the generation of thrombin assay 

TMA—thrombotic microangiopathy  
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