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ABSTRACT

Background
Life expectancy of nonsevere hemophilia A (HA) patients equals the life expectancy of 
the non-hemophilic population. However, data on the effect of inhibitor development 
on mortality and on hemophilia-related causes of death are scarce. The development 
of neutralizing factor VIII antibodies in nonsevere HA patients may dramatically 
change their clinical outcome due to severe bleeding complications. 
Objectives
We assessed the association between inhibitor occurrence and mortality in patients 
with nonsevere HA. 
Methods
In this retrospective cohort study, clinical data and vital status were collected of 
2,709 nonsevere HA patients (107 with inhibitors) who were treated between 1980 
and 2011 in 34 European and Australian centers. Mortality rates for patients with and 
without inhibitors were compared. 
Results
During 64,200 patient-years of follow-up, 148 patients had died (mortality rate, 2.30 
per 1000 person-years; 95% confidence interval (CI), 1.96-2.70) at a median age of 
64 years (interquartile range (IQR), 49-76). In 62 patients (42%) cause of death was 
hemophilia-related. Sixteen inhibitor patients had died at a median age of 71 years 
(IQR, 60-81). In ten patients the inhibitor was present at time of death, seven of 
them died of severe bleeding complications. The all-cause mortality rate in inhibitor 
patients was > five times increased compared to those without inhibitors (age-
adjusted mortality rate ratio, 5.6).
Conclusion
Inhibitor development in nonsevere hemophilia is associated with increased mortality. 
High rates of hemophilia-related mortality in this study indicate that nonsevere 
hemophilia is not mild at all and stress the importance of close follow-up in these 
patients. 
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INTRODUCTION

Over the last 30 years, the increasing availability of factor VIII concentrates and the 
continued development in hemophilia A care have greatly improved the quality of 
life and prognosis of hemophilia A patients.1 Bleeding episodes can be treated or 
prevented with infusion of factor VIII concentrates.2 Nonsevere hemophilia A patients 
(FVIII:C, 2-40 IU/dL) generally receive factor VIII concentrates on demand because 
of a mild bleeding phenotype. For minor bleeds or small interventions the use of 
desmopressin is preferred.3 The downside of factor VIII replacement therapy is the 
risk of developing neutralizing antibodies against factor VIII (inhibitors) that hamper 
treatment of bleeding episodes and make surgery more hazardous.2,4 Recent findings 
demonstrated that the inhibitor incidence of nonsevere patients continues to rise 
with an increasing number of exposures and approaches the inhibitor incidence in 
severe patients, especially for patients with high risk F8 mutations.5 In the majority 
of these patients the inhibitor neutralizes endogenous factor VIII, resulting in a 
decrease of FVIII:C levels below 1 IU/dL. This is accompanied by spontaneous and 
major bleeding complications.6,7 
In high income countries, the life expectancy of nonsevere hemophilia patients has 
reached that of the non-hemophilic male population.8-10 However, several studies 
indicate that inhibitor development worsens the clinical outcome and may increase 
mortality risk.7,11-13 In a large national study in the United Kingdom between 1977-99, 
inhibitor development was associated with a more than two fold increase of the 
all-cause death-rate in nonsevere patients without HIV.12 Notably, mortality rates of 
inhibitor patients decreased significantly over time. This may reflect the improved 
treatment modalities for inhibitor patients - such as bypassing agents - however 
there are no firm data confirming a favorable continuation of this trend after the year 
2000. This is particularly relevant as the inhibitor incidence in nonsevere hemophilia A 
is increasing.5,14 Moreover, improved understanding of the causes of death in inhibitor 
patients may indicate the areas of care that merit particular attention. The aim of the 
current study was to describe all-cause and inhibitor-related mortality in nonsevere 
hemophilia A over the last 30 years. 
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PATIENTS AND METHODS

Subjects and study design
We performed a cohort study comprising all patients (n = 2,709) with nonsevere 
hemophilia A who had received at least one infusion of factor VIII concentrate 
between January 1st 1980 and January 1st 2011 in one of the 34 participating hemophilia 
treatment centers from the previously described INSIGHT cohort.5 Participating 
centers (listed in the supplemental appendix) were located in 10 European countries 
and Australia. The institutional review boards of all participating centers approved 
of the study and the study was conducted in accordance with the Declaration of 
Helsinki. 

Data collection and definitions
We collected demographic and clinical data from available medical records using a 
standardized electronic case report form. Laboratory test results of baseline FVIII:C 
(assessed by the one-stage assay), von Willebrand factor antigen level (VWF Ag) 
and von Willebrand factor activity (VWF Act) were retrieved from the laboratory 
information systems and used to confirm the diagnosis of nonsevere hemophilia A. 
The presence of inhibitory antibodies was tested as part of routine practice at the 
discretion of each center and was quantified at each local laboratory by the original 
Bethesda method or the Nijmegen modified assay from the nineties onwards.15,16 
We collected inhibitor specific data via a separate case report form for all patients 
with inhibitors. Results of all available inhibitor tests were reviewed to confirm 
the inhibitor status of the patient. A clinically relevant inhibitor was defined as the 
presence of at least two positive titers of ≥ 1.0 Bethesda Inhibitor Assay Unit per 
mL (BU/mL). A high titer inhibitor was defined as a historical peak titer > 5.0 BU/mL. 
Patients with inhibitor titers between 0.6-1.0 BU/mL had to fulfil one of the following 
two criteria to be classified as having a clinically relevant inhibitor: 1) a decrease in 
factor VIII plasma level to at least 50% of the baseline level, or 2) a reduced half-life 
of less than six hours after therapeutic factor VIII administration. 
It was difficult to determine the end of an inhibitor period (successful eradication or 
spontaneous clearance) as inhibitors were infrequently tested and a large number 
of inhibitor patients were not re-exposed to factor VIII concentrates. We therefore 
classified all patients who had ever been diagnosed with an inhibitor as inhibitor 
patients and the person-years from these patients were classified as inhibitor person-
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years starting from the first positive inhibitor test until the end of follow-up or 
death. Consequently, inhibitor-related death was attributed to all patients who had 
a positive inhibitor history. Patients who were not tested for factor VIII inhibitors 
and who had no clinical features of inhibitor development (e.g. increased bleeding 
tendency) were classified as negative for inhibitors (n = 5).

Cause of death
For deceased patients, the 10th revision of the International Classification of Diseases, 
Injuries, and Causes of Death-10 (ICD-10) of the World Health Organisation (WHO) 
was used to classify the primary and secondary cause of death.17 For patients who 
died before 1994, previous ICD codes were transferred to ICD-10. The primary cause 
of death was defined as the disease or event that initiated the chain of events 
leading to death. The secondary cause of death was defined as the consequence 
or complication of the primary cause that eventually formed the final step in the 
chain of events leading to death. We also gathered specific information on inhibitor 
development and bleeding in relation to mortality.

Statistical analyses
Descriptive data were summarized through calculation of median and interquartile 
range (IQR). Percentages are given for the total number of patients under observation. 
In case of missing data we report total number of missing values for variables with > 
20% missing.
Mortality rates were calculated as the ratio of the number of deaths to the number 
of person-years at risk under observation and are presented as rates per 1000 person 
years. Person-years at risk were calculated for each patient as the time between 
the start of the observation period (January 1st, 1980 or date of birth for patients 
who were born later) and the end of the observation period (date of death, loss-to-
follow-up or January 1st, 2011). Patients who were deceased or were lost to follow-up 
before January 1980 were not included in the study.18 Person-years and deaths were 
stratified according to age (10-year groups), calendar period (10-year periods), and 
the presence of inhibitors. In patients who developed an inhibitor, inhibitor positive 
years at risk were counted from the first positive inhibitor test until the end of follow-
up. Vital status was censored at the end of follow-up. To correct for the varying age 
distributions between inhibitor and non-inhibitor patients, age-adjusted mortality 
rates were calculated by standardization using the age distribution of the European 
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male population as standard.19 Confidence intervals for mortality rate ratios are not 
given as they are not informative since the size of the standard population (i.e. 
European male population) influences the size of the interval. Mortality rates were 
compared between patients with and without inhibitors by Mid-P exact test using 
Miettinen’s (1974d) modification using openepi.com.20,21 

RESULTS

Patient characteristics
The study population consisted of a total of 2,709 nonsevere hemophilia A patients, 
that were born between June 1905 and March 2009. Patients were observed during 
a total of 64,200 patient-years and a median follow-up of 29 years (IQR, 18-30) per 
patient. Total number of patients under observation and age distribution per calendar 
period are displayed in Figure 1. Clinically relevant inhibitors developed in 107 patients 
(4%) at a median age of 38 years (IQR, 15-61). The median age of inhibitor patients was 
ten years older as compared to non-inhibitor patients, both at start (19 vs. 9 years) 
and at the end (48 vs. 38 years) of the observation period, indicating that the non-
inhibitor patients are still at risk to develop inhibitors with increasing age and with 
increasing exposures to exogenous factor VIII. Other demographic characteristics of 
the patients are listed in Table 1.

Figure 1. Total number of patients under observation per calendar period and subdivided by age group
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Table 1. Characteristics of the total INSIGHT cohort according to inhibitor status

 

  

1971
(1954-

1989)
1961

(1940-

1983)

    

 
At start of observation 

period
9 (0-26) 19 (0-40)

 At 1st treatment 11* (4-26) 15† (6-35)

 
At end of follow-up or 

death
38 (95-55) 48 (24-69)

2477 (95) 99 (93)

11 (6-18) 9 (6-16)

13 (5-31) 25§ (12-41)

    

 Hepatitis B, n 291 (11) 10 (9)

 Hepatitis C, n 851 (33) 41 (38)

 HIV, n 63 (2) 2 (2)

Ethnicity, white

FVIII:C baseline, IU/dL

Cumulative exposure days, n

Viral infections

Inhibitor 

negative

Inhibitor 

positive

n = 2,602 n=107

Year of birth

Age, years 

n, number of patients.
Data presented are medians (interquartile range) or numbers (percentages).
* Missing in n=698 patients (27%).
† Missing in n=28 patients (26%).
§ Before inhibitor development.

Mortality from all causes
At the end of follow-up, 148 patients had died at a median age of 64 years (IQR, 
46-74). Vital status at the end of follow-up was missing in 11 patients (0.4%) without 
inhibitors and 2 patients with inhibitors (1.9%) at the end of follow-up (Figure 2). 
The overall all-cause mortality rate was 2.30 per 1000 person-years (CI, 1.96-2.70). The 
majority of the patients (n=90) died between 2000-2010 (Table 2). The most common 
primary cause of death was malignancy (n=38, 26%). 
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Figure 2. Disposition of the 2,709 patients included in the INSIGHT study population

Vital status at the end of follow-up was missing in 11 patients (0.4%) without inhibitors and 2 patients with 
inhibitors (1.9%) at the end of follow-up.
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Table 2. Primary cause of death in the 148 nonsevere hemophilia A patients who died during study follow-

up according to calendar period

Age at time of death, years 32 (17-65) 59 (40-70) 69 (57-77) 64 (46-74)

Malignancy 38 (26)

-          Upper gastrointestinal 

tract
1 (10) 2 (4) 5 (6)

-          Lower gastrointestinal 

tract
0 0 4 (4)

-          Prostate 0 2 (4) 5 (6)

-          Lung 0 0 1 (1)

-          Hematological 1 (10) 0 3 (3)

-          Other or not specified 0 3 (6) 11 (12)

Hepatitis-related 20 (14)

-          Hepatocellular 

carcinoma
0 3 (6) 4 (4)

-          End stage liver disease 1 (10) 2 (4) 7 (8)

-          Other or not specified 0 1 (2) 2 (2)

AIDS or HIV-related 1 (10) 8 (17) 1 (1) 10 (7)

Bleeding 19 (13)

-          Intracranial bleeding  

(spontaneous)
0 6 (13) 7 (8)

-          Intracranial bleeding 

(trauma)
2 (20) 1 (2) 1 (1)

-          Other bleeding 0 0 2 (2)

Cardiovascular disease 13 (9)

-          Myocardial infarction 0 4 (8) 3 (3)

-          Cerebrovascular 

accident
0 0 1 (1)

-          Heart failure 0 0 5 (6)

Other 0 4 (8) 13 (14) 17 (11)

Cause unknown 4 (40) 12 (25) 15 (17) 31 (21)

Total 10 48 90 148

2000-2010* Total1980-1989 1990-1999

Data presented are medians (IQR) or numbers (percentages).
*Year of death was missing in three patients with no inhibitor. They were classified into the 2000-2010 
category as this seemed to be most appropriate based on other available data of these patients. 
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Hemophilia-related mortality
In 62 deceased patients (42%) the cause of death was related to hemophilia. In 32 
patients death was related to a bleeding episode. Within this group, intracranial 
bleeding occurred in 17 patients and was spontaneous in 13 of them. Thirty patients 
died from complications related to hepatitis B/C (n=18) or HIV (n=10), or a combination 
of gastro-intestinal bleeding and hepatitis related end stage liver disease (n=2).

Mortality in inhibitor patients
There were 16 inhibitor patients that died during the follow-up period (mortality rate, 
21 per 1000 person-years; CI, 12-33) (Figure 2). Table 3 displays age-specific mortality 
rates. All-cause mortality rate in nonsevere hemophilia A patients with inhibitors was 
more than five times the rate in those without inhibitors (age-adjusted mortality rate 
ratio, 5.6). Inhibitor patients died at a higher age (median age, 71 years; IQR, 60-81) 
as compared to non-inhibitor patients (median age at death, 63 years; IQR, 46-74). 
Other characteristics of the 16 deceased inhibitor patients as compared to the other 
deceased patients are listed in Table 4. 
The median time between inhibitor development and death was six years (IQR, 
1-11). In ten patients the inhibitor was still present at the time of death and in 
seven of them death was directly related to the presence of the inhibitor (Table 5). 
These seven patients died because of severe bleeding complications, classified as: 
gastrointestinal bleeding in three patients; spontaneous intracranial bleed in one 
patient; retropharyngeal hematoma in two patients (in one of them in combination 
with urosepsis during cyclophosphamide induced immunosuppression); and frequent 
bleedings not further specified in one patient. The six inhibitor patients who died 
after clearing their inhibitor died after a median of 9 years (IQR, 1-11) after the last 
positive inhibitor test, their primary causes of death were malignancy (n=3) and 
ischemic heart disease (n=3). The age adjusted mortality rate ratio if only nonsevere 
hemophilia subjects with an inhibitor present at the time of death were included in 
the calculation was 4.63.
The 16 inhibitor patients who had died were much older at time of inhibitor 
development (median age, 66 years; IQR, 54-72) as compared to the other inhibitor 
patients (median age, 35 years; IQR, 13-55). All but one of them had high titer inhibitors 
(median peak titer: 60 BU/mL) and ten patients (71%) had a decreased FVIII:C to ≤ 
1 IU/dL. Other characteristics of the inhibitor patients according to vital status are 
listed in Table 6. 
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Table 3. Age-specific mortality rates from all causes in nonsevere hemophilia A patients with and without 

inhibitors 

 Follow-

up 

Follow-

up 

Years Years

Age, y*

0 – 9 10,788 3 0.3
(0.07-

0.7)
43 0 0 NA

10 – 19 11,009 6 0.5 (0.2-1.1) 112 0 0  NA

20 – 29 10,82 6 0.6 (0.1-1.2) 111 0 0  NA

30 – 39 10,101 10 1.0 (0.5-1.8) 106 0 0  NA

40 – 49 8,609 13 1.5 (0.8-2.5) 104 3 29 (7-79) 19.1
(4.4-

62.5)

50 – 59 6,291 19 3 (2-5) 77 1 13 (0.6-64) 4.3
(0.2-

23.4)

60 – 69 3,767 29 8 (5-11) 124 4 32 (10-79) 4.2 (1.3-11.1)

70 – 79 1,622 24 15 (10-22) 77 4 52 (17-125) 3.5
(1.04-

9.4)

80 + 434 22 51 (33-75) 10 4 388
(127-

965)
7.9

(2.3-

21.4)

Total 63,442 132 - 766 16 - 5.6†

Deaths

Age-specific 

mortality rate 

(95% CI)

Mortality rate 

ratio (95%CI)

Inhibitor negative Inhibitor positive

Deaths

Age-specific 

mortality rate 

(95% CI)

na, not applicable. Mortality rates per 1000 person years
*In three inhibitor negative patients age at death was missing. One of them was classified into the 70-79 
category and two in the 80+ category as this seemed to be most appropriate based on other available 
data of these patients.
† To correct for the varying age distributions between inhibitor and non-inhibitor patients, age-adjusted 
mortality rate ratio is given. 
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Table 4. Characteristics of the 148 deceased patients according to inhibitor status

Calendar year of birth 1938 (1926-1954) 1933 (1925-1945)

Age, years

-          At start of observation 

period
42 (26-54) 47 (35-54)

-          At 1st treatment 47* (25-67) 51 (42-70)

-          At death 63 (46-74) 71 (60-81)

FVIII:C baseline, IU/dL 14 (6-22) 10† (6-23)

Cumulative exposure days, n 29 (11-62) 25† (10-40)

Hepatitis B, n 25§ (19) 1 (6)

Hepatitis C, n 53‡ (40) 8 (50)

HIV, n 15** (11) 1 (6)

Inhibitor negative Inhibitor positive

n=132 n=16

Data presented are medians (IQR) or numbers (percentages).
*Missing in n=65 patients (49%). 
† Before inhibitor development. 
§ Missing in n=35 patients (26%).  
‡ Missing in n=37 patients (28%).
** Missing in n=34 patients (26%). 
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Table 5. Characteristics of the 16 inhibitor patients who died during study follow-up

Y, Yes; N, No; UK, unknown; NA, not applicable; ns, not specified; imm, immunosuppressive therapy; ITI, 
immune tolerance induction;
* FVIII:C when inhibitor was present.
† Hepatitis C related
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Table 6. Characteristics of the 107 inhibitor patients according to vital status at the end of follow-up

ED, exposure days; FU, follow-up; ITI, immune tolerance induction; n, number of patients; y, years.
Data presented are medians (IQR) or numbers (percentages).
*Missing in n=24 patients (26%). 
† Missing in n=2 patient (13%).
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DISCUSSION

In this unique international cohort of 2,709 nonsevere hemophilia A patients inhibitor 
development was associated with an increased risk of all-cause mortality. Death was 
caused by severe bleeding complications in seven out of ten patients (70%) in whom 
the inhibitor was present at time of death. The majority of the deceased inhibitor 
patients had developed the inhibitor at an advanced age and had high titer inhibitors 
resulting in FVIII:C levels at or below 1 IU/dL. 
These findings are in line with the previously reported results of Darby et al. who 
described that inhibitor development was associated with a more than two fold 
increase of the all-cause death-rate in nonsevere patients without HIV.12 However, 
in their study, mortality rates of inhibitor patients decreased significantly over time 
(1977-1999). We report on a more recent population (1980-2011) and observe a higher 
mortality rate ratio. 
The higher mortality rates observed in patients with inhibitors is at least in part 
explained by their older age (median age at time of inhibitor development, 66 
years). Age-related co-morbidities such as cancer and arthropathy increase the need 
for medical interventions and surgery. These procedures require treatment with 
therapeutic factor VIII concentrates. Subsequently, an inhibitor may develop.22,23 
The development of the inhibitor was part of a chain of events leading to death. 
As age is an important determinant of bleeding risk, older patients may be more 
susceptible for severe bleeding complications when they develop an inhibitor. 
Altogether, comorbidities, bleeding complications and adverse events of inhibitor 
eradication strategies (e.g. severe infections on immunosuppressive therapy) may all 
have contributed to a significantly increased mortality in these patients. 
The presence of severe bleeding complications at the time of death suggests a causal 
relationship between inhibitor development and mortality. However, it should be 
stressed that most of the inhibitor patients were suffering from potentially lethal 
diseases. Therefore we cannot exclude that inhibitors only have been an indicator 
of poor prognosis of patients with severe comorbidities that required factor VIII 
treatment. Hence, prudence is called for close follow-up in especially older nonsevere 
hemophilia A patients who need treatment with factor VIII concentrates as inhibitor 
development may worsen their clinical outcome substantially.
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Limitations
Nonsevere hemophilia A patients visit the hemophilia treatment center less often 
than severe patients because of their milder bleeding phenotypes. As we selected 
nonsevere patients that did receive treatment with factor VIII concentrates, 
patients with hemophilia related comorbidity (e.g. bleeding, inhibitors, hepatitis and 
HIV) and patients with other diseases that required hospital care (e.g. malignancy, 
cardiovascular disease) were likely to be overrepresented in our cohort. Efforts were 
made to enroll all eligible subjects; however, we acknowledge the challenges of 
retrospective collection of mortality and inhibitor data. This may have resulted in an 
underestimation of deceased patients, favoring registration of those with identified 
inhibitors or those who died in the last decade of observation.
The considerable increase in absolute number of deaths over the years reflects the 
natural course of an ageing population selected in our study. This is in apparent 
contrast to previous observations in Italy and the United Kingdom in which an overall 
reduction of mortality rate was observed for the last decennia.12 Yet, mortality data 
are obviously highly influenced by age distribution. 
In 6 out of 16 inhibitor patients there was no positive inhibitor test at time of death. 
It could be questioned whether the previous existence of an inhibitor may have 
contributed to the eventual cause of death in these patients. We attributed inhibitor-
related death to all patients who had a positive inhibitor history, regardless of the 
inhibitor being eradicated or spontaneously cleared. We acknowledge that we might 
have affected inhibitor related mortality. However, if we include only the patients 
with a known inhibitor at time of death, then we still observe a fourfold higher risk 
for inhibitor related mortality. 

Clinical implications
The substantial number of bleeding complications in this study emphasizes the impact 
of inhibitor development in nonsevere hemophilia A patients. This is particularly 
relevant as nonsevere patients carry a lifelong risk to develop inhibitors in contrast to 
severe hemophilia A patients who may be considered as tolerant to exogenous factor 
VIII when they have not developed an inhibitor after about 75 exposure days.5,24 
As life expectancy increases, the rising incidence of inhibitor development in older 
patients will become an important clinical challenge. Inhibitor-related mortality was 
primarily increased in older patients and in those patients with high titer inhibitors, 
suggesting that not all nonsevere hemophilia A patients who develop inhibitors have 
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a poor prognosis. Moreover, especially older patients may have an increased risk 
of inhibitor development following surgery and therefore they definitely require a 
closer follow-up.25,26 
Nonsevere patients are less experienced with bleeding compared to severe patients. 
This relative inexperience might lead to delayed presentation for assessment. Besides, 
presentation might occur more often in non-hemophilia treatment centers, where 
less expertise is available on adequate treatment strategies.
In general, nonsevere hemophilia A patients should be monitored regularly at 
the hemophilia treatment center to manage hemophilia-related problems and 
for optimal treatment of other diseases.23 In the absence of proven strategies to 
prevent inhibitors, we propose that optimizing the use of desmopressin in adequate-
responders and avoiding clinical situations that may provoke inhibitor development, 
should be advised especially in older patients and patients with high risk genotypes.5 

Conclusion
These findings demonstrate that the development of inhibitors in nonsevere 
hemophilia is associated with increased mortality. High rates of hemophilia-related 
mortality in this study (including bleeding and hepatitis-related complications) 
indicate that nonsevere hemophilia is not mild at all and stress the importance of 
close follow-up in these patients. 
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