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Abstract

Inhibitor development is a major complication of treatment with factor VIII concentrates 

in nonsevere hemophilia. It has been suggested that plasma-derived factor VIII 

concentrates elicit fewer inhibitors than recombinant factor VIII concentrates, however 

recent studies in severe haemophilia A patients did not support this. We designed a 

case-control study that aims to investigate the clinical risk factors and genetic risk 

factors for inhibitor development in nonsevere hemophilia A patients. 

We investigated whether the type of factor VIII concentrate was associated with 

inhibitor development in nonsevere haemophilia A patients.

This nested case-control study includes 75 inhibitor patients (cases) and 223 controls, 

selected from a source population of the INSIGHT study, including all nonsevere 

hemophilia A patients (FVIII:c 2-40%) that have been treated with FVIII concentrates 

in 33 European and 1 Australian center. Cases and controls were matched for date of 

birth and cumulative number of exposure days (CED) to FVIII products. A conditional 

logistic regression model was used to calculate both unadjusted and adjusted odds 

ratios; the latter adjusted for the following a-priori specified confounders.

We did not find an increased risk for inhibitor development for any type of FVIII 

concentrate, either upon comparison of recombinant with plasma-derived FVIII 

concentrates (adjusted odds ratio 1.1, 95% confidence interval 0.4-2.8) or for specific 

types of recombinant and plasma-derived FVIII concentrates. 

In this nested case-control study including nonsevere hemophilia A patients, the type 

of FVIII concentrate was not associated with the development of inhibiting anti-FVIII 

antibodies.
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Introduction 

Hemophilia A is a X-linked inherited bleeding disorder resulting from a deficiency 

of clotting factor VIII. The disease is categorized as mild, moderate, or severe, based 

on the residual factor VIII activity level. In general, patients with mild or moderate 

(nonsevere) disease only experience bleeding complications after trauma or surgery. 

Factor VIII (FVIII) concentrates are administered to prevent or treat bleeding, however 

as a major complication of this treatment patients can develop anti-FVIII antibodies 

(inhibitors). These antibodies render the replacement therapy with FVIII concentrates 

ineffective and result in increased morbidity and mortality.1–3  We need to identify 

risk factors for the development of inhibitors in hemophilia A patients, to enable the 

identification of high risk patients and to design patient-tailored treatment to prevent 

the development of inhibitors.

Genetic risk factors for inhibitor development in hemophilia A patients that have been 

identified are the F8 genotype and polymorphisms in several immunoregulatory 

genes such as CTLA-4, IL-10 and TNF-alfa.4–7 

Several treatment-related risk factors for inhibitors have been studied, mostly in 

severe haemophilia A patients, such as age and treatment intensity at first exposure, 

the reason for treatment (e.g. surgery) and the dose of FVIII. 

Additionally, the type of FVIII concentrate used for treatment is one of the most 

debated risk factors. After the introduction of recombinant FVIII concentrates (recFVIII), 

it has been suggested that plasma-derived factor VIII concentrates (pdFVIII) elicit 

fewer inhibitors than recombinant factor VIII concentrates. One of the hypotheses why 

plasma-derived FVIII concentrates are less immunogenic is based on the presence of 

varying amounts of von Willebrand factor in pdFVIII concentrates, depending on the 

specific brand and manufacturing process. In vitro studies have shown that the von 

Willebrand factor (VWF) present in pdFVIII potentially masks inhibitor epitopes on the 

FVIII protein.8 Other in vitro studies have demonstrated that VWF protects FVIII from 

being endocytosed by human dendritic cells and subsequently being presented to 

FVIII-specific T cells.9,10 

However, numerous clinical studies and systematic reviews have yielded conflicting 

results, the majority of the studies only including severe hemophilia A patients.11–15 

Recently studies in severe hemophilia A patients showed that second-generation 

recombinant FVIII concentrates were associated with a higher risk for inhibitor 
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development.15–17  This has reinforced the debate on the type of FVIII concentrate as a 

risk factor for inhibitor development.

In the search of risk factors for inhibitor development, nonsevere haemophilia A has 

been a neglected area of research. Over the past years there has been more attention 

for nonsevere hemophilia A patients and inhibitors, however studies for risk factors in 

nonsevere hemophilia A patients have never focused on the role of the type of FVIII 

concentrate.

In this nested case-control study we analyzed the association of type of FVIII 

concentrate and inhibitor development in nonsevere hemophilia A patients.
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Methods 

Patients

We conducted a case-control study, nested in a cohort of 2,709 consecutive nonsevere 

hemophilia A patients (FVIII:C 2-40%) that received at least one exposure to FVIII 

concentrate in 33 European centers and 1 Australian center between January 1st 

1980 and January 1st 2011. The institutional review boards of all participating centers 

approved the study. All patients from the source population were followed-up from 

birth until death, emigration, loss-to-follow-up or the end of the study.  For further 

information we refer to previously published papers of the INSIGHT cohort.18,3,19,20 

Nonsevere hemophilia A patients that developed a clinically relevant inhibitor during 

follow-up were identified as case patients. To each case, one to four control patients 

(nonsevere hemophilia A patients without inhibitor development) were matched by 

date of birth and cumulative number of EDs to FVIII concentrates.21

Data collection

Baseline clinical data were collected for the complete INSIGHT cohort, including FVIII: C 

baseline level, total number of exposure days (EDs), F8 genotype, ethnicity, family 

history of hemophilia A and inhibitor development. F8 genotype was categorized 

into three categories (low risk mutation, high risk mutation, unknown) based on the 

HAMSTERS and CHAMP databases.22,23

For the cases and controls detailed clinical data of every FVIII exposure day were 

collected until inhibitor development in cases and up to the same number of exposure 

days in controls, including calendar date of every exposure day, type, dose and mode 

of administration of FVIII product, mode and reason for treatment.

All data collected were repeatedly checked for irregularities and completeness by 

two study coordinators.
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Outcome

The primary outcome was clinically relevant inhibitor development, defined as having 

at least two consecutive positive Bethesda inhibitor assay titers of ≥1.0 Bethesda Units 

(BU) per mL. Patients with inhibitor titers between 0.6 – 1.0 BU/mL had to fulfill one of 

the following two criteria to be classified as having a clinically relevant inhibitor: 1.) a 

decrease in endogenous factor VIII plasma level to at least 50% of the baseline level, 

or 2.) a reduced half-life of less than 6 hours after FVIII concentrate administration. 

Patients who were not tested for inhibitors during the follow-up period and who had 

no clinical features of inhibitor development (e.g. increased bleeding tendency) were 

classified as negative for inhibitors.

For the case and control definition, please see our previously published paper of the 

INSIGHT case-control study.

Factor VIII concentrates

For every exposure day of each patient we collected information on the type of FVIII 

concentrate administrated. Patients were classified into categories representing 

the most frequently used type of FVIII concentrate. This was defined by the type of 

FVIII concentrate that was used for at least 50% of the exposure days. If the type of 

concentrate was unknown for more than 50% of the EDs in a patient, we classified this 

patient into the category ‘unknown’. This was also done for the first and the last 10 EDs 

of every patient.

For the sensitivity analysis of recombinant FVIII concentrate compared to plasma-

derived FVIII concentrate, we defined the most frequently used type of FVIII 

concentrate as the concentrate used for at least 80% of the exposure days with one 

type of concentrate.

First we grouped all plasma-derived FVIII concentrates together and compared them 

to all recombinant FVIII concentrates grouped together. Second, we analyzed whether 

the amount of von Willebrand factor antigen present in a FVIII product was associated 

with the risk of inhibitor development. We compared FVIII products containing no 

von Willebrand factor (all recombinant FVIII products), to products containing less 

than 0.01 International Units (IU) of von Willebrand factor antigen per IU of FVIII 

antigen (‘low VWF’; monoclonal antibody-purified plasma-derived FVIII products) 

and products containing ≥ 0.01 IU of von Willebrand factor per IU of FVIII antigen 
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(‘high VWF’; other plasma-derived products).

Third, the different generations of recombinant FVIII products (first-generation 

recFVIII, second-generation recFVIII and third-generation recFVIII) were compared to 

all plasma-derived products.

Missing data

The missing calendar dates of exposure days were unconditionally imputed with the 

middle value between the dates before and after the missing dates (<0.5%). 

If the reason for treatment was missing (5.5%) for exposure days 1 calendar day before 

or after an exposure day of which the reason for treatment was known, the missing 

value was replaced with the reason for treatment of that ED. In all other cases missing 

values were unconditionally imputed with “trauma” as reason for treatment, since the 

assumption was made this is the most probable reason for treatment in this patient 

group when reason of treatment was missing. 

We calculated the mean dose FVIII concentrate in International Units (IU) per kilogram 

bodyweight (IU/kg) of all EDs. In the majority of the patients, only total administered 

dose of FVIII concentrate was available for each ED. To calculate the dose in IU/kg/ED 

we imputed the weight of the patients on that specific ED using age-weight statistics 

(for adults) and growth curves (for children).24–30 The mean dose of all exposure days 

for each patient was calculated and this was classified into 3 categories: 0-25 IU/kg, 25-

45 IU/kg and >45 IU/kg per ED. Missing values of the FVIII dose (14%) were replaced 

with a median dose calculated with all EDs with that specific treatment indication in 

that specific treatment center.

When the type of FVIII concentrate was missing (10%) for an exposure day and this ED 

was one of several subsequent EDs for one specific reason for treatment, the missing 

value was replaced with the type of FVIII concentrate that was reported for the other 

EDs. 

Data analyses

To analyze the association between type of FVIII concentrate and inhibitor 

development we used conditional logistic regression methods. This method accounts 

for the matching of cases and controls and analysis is performed using the match 

groups (i.e. one case and 1 to 4 controls).

Crude as well as adjusted odds ratios (ORs) are presented. We adjusted for 
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determinants that could have possibly confounded the associations studied, 

independent of their statistical significance in univariate analyses. The pre-defined 

confounders we adjusted for in the analysis are: endogenous FVIII level, ethnicity, F8 

genotype, positive family history for inhibitors, age at first ED and at last ED, calendar 

date, reason for treatment at first exposure, surgery, dose and peak treatment moment.
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Results

Patient characteristics

In total 7832 exposure days of 298 patients were included in this case-control study. 

Figure 1 shows an overview of the patient inclusion.

The median age at first exposure was 23 years (inter quartile range (IQR) 5 – 44) and 

the median baseline (endogenous) FVIII level was 8 IU/dL (IQR 4 – 14). The 75 cases 

(inhibitor patients) developed an inhibitor after a median of 25 ED (IQR 12 – 40) and 

the median inhibitor peak titer was 7 BU/mL (IQR 2 – 26). Baseline characteristics for 

cases and controls are shown in Table 1.21

Figure 1 Inclusion of patients for case-control study from INSIGHT cohort
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Plasma-derived versus Recombinant factor VIII

In total 179 patients were mainly treated with plasma-derived FVIII concentrates and 

119 patients with recombinant FVIII concentrates. In Table 2 all crude and adjusted 

relative risks for inhibitor development are displayed.

The risk of inhibitor development after treatment with recombinant FVIII products was 

similar compared to treatment with plasma-derived products, whether analysed for all 

ED (adjusted odds ratio (aOR) 1.0, 95% confidence interval (CI) 0.4 – 2.5) or the first 

and last 10 EDs (aOR 0.8, CI 0.3 – 2.3 and aOR 1.2, CI 0.5-3.2). 

Plasma-derived FVIII concentrates: von Willebrand factor-content

The majority of the patients (n=94, 53%) that were treated with plasma-derived FVIII 

concentrates, received plasma-derived concentrates with a high von Willebrand 

factor content. 

Compared to FVIII products containing no von Willebrand factor, the risk for inhibitor 

development was similar for FVIII products with a low von Willebrand content (aOR 1.7, 

CI 0.4 – 7.5) and for products with a high von Willebrand content (aOR 1.1, CI 0.4 – 3.3). 

This did not substantially change when the von Willebrand content of the type of 

concentrate used mainly for the first and last 10 EDs was analyzed.

Table 1 Baseline Characteristics

Characteristics All patients (n=298) Cases (n=75) Controls (n=223)

Baseline FVIII level, IU/dL 8 (4-14) 9 (5-14) 8 (4-14)

Age at first ED, yrs 23 (5-44) 26 (6-51) 21 (5-42)

Age at last ED, yrs 30 (13-54) 37 (14-61) 29 (13-52)

Number of ED’s 20 (10-37) 25 (12-40) 18 (9-36)

Caucasian ethnicity 285 (96) 71 (95) 214 (96)

Family history of inhibitors

Yes 13 (4.4) 8 (11) 5 (2)

No 195 (65.4) 43 (57) 152 (68)

Unknown 90 (30.2) 24 (32) 60 (30)

F8 genotype

High risk mutation 93 (31) 41 (55) 52 (23)

Low risk mutation 91 (31) 12 (16) 79 (35)

Unkown 114 (38) 22 (29) 92 (41)
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Recombinant FVIII concentrates: first, second and third generation concentrates

There was no difference in the risk for inhibitor development when first-generation 

recombinant FVIII concentrates, second-generation concentrates and third-generation 

concentrates were pleased to plasma-derived FVIII concentrates, please see Table 2C.

Sensitivity analyses

The result of the sensitivity analysis regarding the use of plasma-derived FVIII versus 

recombinant FVIII was comparable to the primary analysis (aOR 1.8, CI 0.9-3.6). 

Table 2 Type of FVIII concentrate and inhibitor development.
A. All Plasma-derived versus All Recombinant concentrates

Characteristics No. pts Crude OR (95%CI) p value Adjusted OR (95% CI) p value

Type of FVIII concentrate

All EDs

Plasma-derived (ref.) 179 1 1

Recombinant 119 1.7 (0.9-3.2) 0.10 1.0 (0.4-2.5) 0.93

First 10 EDs

Plasma-derived (ref.) 190 1 1

Recombinant 108 1.8 (0.9-3.5) 0.10 0.8 (0.3-2.3) 0.74

Last 10 EDs

Plasma-derived (ref.) 128 1 1

Recombinant 170 1.6 (0.9-3.1) 0.13 1.2 (0.5-3.2) 0.61

Values are medians (interquartile ranges)
* adjusted for confounders: endogenous FVIII level, ethnicity, F8 genotype, positive family history for inhibitors,  
age at first ED and at last ED, calendar date, reason for treatment at first exposure, surgery, dose, peak treatment
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B. Plasma-derived FVIII concentrates; different von Willebrand factor content

Characteristics No. pts Crude OR (95%CI) p value Adjusted OR (95%CI) p value

All EDs

No VWF 119 1 1

Low VWF 42 0.7 (0.3-1.8) 0.77 1.7 (0.4-7.5) 0.49

High VWF 94 0.6 (0.3-1.2) 0.56 1.1 (0.4-3.3) 0.84

Other/Unknown 43 0.4 (0.2-1.2) 0.43 0.6 (0.1-2.5) 0.49

First 10 EDs

No VWF 108 1 1

Low VWF 37 0.4 (0.2-1.2) 0.11 0.6 (0.1-3.0) 0.54

High VWF 106 0.6 (0.3-1.4) 0.24 1.3 (0.4-4.0) 0.64

Other/Unknown 47 0.6 (0.3-1.5) 0.28 1.9 (0.5-7.7) 0.38

Last 10 EDs

No VWF 128 1 1

Low VWF 42 0.7 (0.3-1.7) 0.44 0.5 (0.1-2.3) 0.38

High VWF 89 0.7 (0.3-1.5) 0.31 1.1 (0.4-3.2) 0.89

Other/Unknown 39 0.4 (0.1-1.1) 0.07 0.6 (0.14-2.8) 0.52
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C. Recombinant FVIII concentrates; first, second and third generation

Characteristics No. pts Crude OR (95%CI) p value Adjusted OR (95% CI) p value

All EDs

Plasmaderived 179 1 1

Generation Recombinant 
FVIII concentrate

First generation 52 1.4 (0.6-3.1) 0.43 0.9 (0.3-3.0) 0.88

Second generation 45 2.4 (1.1-5.3) 0.03 1.0 (0.3-3.8) 0.95

Third generation 7 0.8 (0.09-7.5) 0.85 0.2 (0.01-2.9) 0.22

Other/Unknown 15 1.2 (0.3-4.7) 0.81 1.4 (0.2-10.4) 0.73

First 10 EDs

Plasmaderived 190 1 1

First generation 54 1.5 (0.7-3.5) 0.32 0.7 (0.2-2.4) 0.61

Second generation 31 2.7 (1.1-6.9) 0.03 1.6 (0.4-6.4) 0.51

Third generation 4 1.6 (0.2-16.4) 0.70 0.4 (0.02-13.3) 0.64

Other/Unknown 19 1.0 (0.3-3.4) 0.98 0.2 (0.02-1.6) 0.12

Last 10 EDs

Plasmaderived 171 1 1

First generation 49 1.2 (0.5-2.7) 0.71 0.8 (0.2-2.6) 0.71

Second generation 54 2.3 (1.0-5.1) 0.04 1.9 (0.5-6.4) 0.32

Third generation 11 0.9 (0.2-4.8) 0.87 0.1 (0.01-2.4) 0.17

Other/Unknown 13 1.2 (0.3-4.9) 0.79 1.0 (0.07-14.1) 1.0
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Discussion

In this nested case-control study we investigated the association of the type of FVIII 

concentrate with inhibitor development among 295 nonsevere hemophilia A patients.

We did not find an increased risk for inhibitor development for any type of FVIII 

concentrate; either when comparing recombinant FVIII concentrates to plasma-

derived FVIII concentrates or for specific types of FVIII concentrates. 

This contrasts the results of recent published studies in severe hemophilia A. The 

SIPPET study, a multicenter open label randomized study, included 251 patients 

with a median follow-up of 22 exposure days. After adjustment for confounders, 

recFVIII was associated with a 70-90% higher incidence on inhibitor development in 

severe hemophilia A patients.31 In comparing the different types of recFVIII to pdFVIII 

concentrates, several studies have found an increased risk for second generation 

recFVIII concentrate.15–17 

The difference between these results in severe hemophilia A and our findings might 

be caused by the differences in immunological and treatment characteristics between 

severe and nonsevere hemophilia A. Firstly, in severe hemophilia A patients no 

measurable FVIII protein is present, however nonsevere patients produce endogenous 

FVIII that often differs only a single amino-acid from the wild type (infused) FVIII 

protein. This may cause a different immunological response in severe compared 

to nonsevere hemophilia A patients. Secondly, the standard treatment for severe 

hemophilia A patients is prophylactic treatment with FVIII concentrates starting at a 

young age, of 2-3 infusions of FVIII per week. Most nonsevere hemophilia A patients 

do not need prophylactic treatment and only receive FVIII to control bleeding after 

trauma or surgery. Therefore nonsevere hemophilia A patients mostly receive first 

treatment at a later age and the administration of FVIII concentrates is almost always in 

the presence of some amount of tissue damage. The combined action of risk factors 

may contribute to different results of risk factor analysis in inhibitor development in 

nonsevere hemophilia A.

Until now it has not been clarified which phase in treatment is the most important 

with regard to inhibitor development. The first exposures with FVIII concentrate could 

be the most important, when the immune system of a patient processes the FVIII 

concentrate for the first time. On the other hand the last exposures to FVIII, promptly 
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before inhibitor development, could be the moment the immune system becomes 

disrupted. Therefore, we analyzed the first and last period of treatment (first and last 

10 EDs), but also there we did not find a difference in inhibitor risk for one type of 

concentrate.

One of the strengths of this study is the case-control study design and that patients 

were matched for cumulative number of exposure days. Furthermore, we were able 

to include a large number of patients and collect detailed data on every exposure day 

for all these patients. Due to the detailed data collection, we were able to adjust for 

all putative confounders.

Secondly, the duration of the observation period of the study was extensive; therefore 

we were able to include sufficient patients that were treated with plasma-derived FVIII 

concentrates. Recent studies often include a small number of patients that are treated 

with plasma-derived FVIII concentrates due to a shorter observation period. This 

causes an uneven distribution of patients over the different product groups.

Even though this is an exceptionally large study for this patient group, the number of 

patients in some the groups for different types of concentrates was small. 

For the analysis of all recombinant concentrates compared to all plasma-derived FVIII 

concentrates, both groups did contain a substantial number of patients (n=119 and 

n=179, respectively). However, for the subgroups of recombinant FVIII concentrates 

en plasma-derived FVIII concentrates the numbers were smaller, please see Table 2B 

and 2C.

Therefore our analysis for the subtypes of FVIII concentrates may be underpowered, 

increasing the chance of a type II error (the analysis not showing a difference in risk for 

inhibitor development is a false negative finding). 

Recently, several studies studying the type of FVIII concentrate and risk for inhibitor 

development in severe hemophilia A have been published, all showing an increased risk 

for second-generation recombinant FVIII concentrates.15–17 The univariate analysis in our 

study did show an increased risk for inhibitor development for second-generation FVIII 

concentrates, but after adjustment for confounders this finding did not reach statistical 

significance. Again this may be caused by the fact that the total number of patients 

treated with a second-generation FVIII concentrate is small. Future larger studies are 

needed to address this issue; on the contrary it might be unrealistic that a larger study 
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including nonsevere hemophilia A patients with inhibitor will ever be executed.

Furthermore, conditional logistic regression was used to analyze this matched case-

control data. Due to the criteria for conditional logistic regression it was necessary to 

create one variable for type of concentrate in which the most frequent used concen-

trate was summarized for each patient. For example, if a patient received on 70% of 

the EDs recombinant FVIII concentrates and on 30% of the EDs plasma-derived FVIII 

concentrates, we were not able to analyze the effect of the specific concentrate type 

on every ED separately. However most patients were treated with one concentrate, 

what was confirmed by our sensitivity analysis, this may have introduced bias due to 

misclassification. 

To conclude, in this nested case-control study including nonsevere hemophilia A pa-

tients, the type of FVIII concentrate was not associated with the development of inhi-

bitors. These findings suggest that inhibitor development in nonsevere hemophilia A 

patients may be dependent on different determinants than inhibitor development in 

severe hemophilia A patients.
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