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Summary. Background: Previous studies of the development
of inhibitors and their impact on mortality have been small.
Objectives: To examine the development of inhibitors in people
with hemophilia in the UK and their effect on subsequent
mortality. Patients: 6078 males with hemophilia A and 1172
males with hemophilia B registered in the UK Haemophilia
Centre Doctors” Organisation database, 1977-98. Results: In
severe hemophilia A inhibitors developed at rates of 34.4, 5.2
and 3.8 per 1000 years at ages <5, 5-14 and 15+ years;
cumulative risks at ages 5 and 75 were 16% and 36%. In
hemophilia A the rate of inhibitor development decreased
during 1977-90, but increased during the 1990s. In severe
hemophilia B inhibitors developed at rates of 13.3 and 0.2 per
1000 years at ages <5 and 5+ and cumulative risks at ages 5
and 75 were 6% and 8%. With HIV, inhibitor development did
not increase mortality. In severe hemophilia without HIV,
inhibitor development doubled mortality during 1977-92, but
during 1993-99 mortality was identical with and without
inhibitors. In severe hemophilia without HIV but with
inhibitors, mortality from causes involving bleeding decreased
during 1977-99 (P = 0.001) as did mortality involving intra-
cranial hemorrhage (P = 0.007). Conclusions: These data
provide estimates of the rate of inhibitor development in
hemophilia A and hemophilia B, and they show that the rate of
inhibitor development has varied over time, although the
reasons for this remain unclear. They also show that in severe
hemophilia the substantial increase in mortality previously
associated with inhibitors is no longer present.

Correspondence: Professor F.G.H. Hill, Chairman UK Haemophilia
Centre Doctors” Organization, Department of Clinical and Laboratory
Haematolology, The Birmingham Children’s Hospital, Steelhouse
Lane, Birmingham B4 6NH, UK.

E-mail: frank.hill@bhamchildrens.wmids.nhs.uk

Received 18 August 2003, accepted 26 January 2004

© 2004 International Society on Thrombosis and Haemostasis

[no notes on this page]

Keywords: hemophilia A hemophilia B, inhibitors, mortality.

Introduction

In hemophilia the development of inhibitors [antibodies to
infused factor VIII (FVIII) or factor IX (FIX)] is a serious
problem. Studies of small numbers of previously untreated
people with severe hemophilia A and followed prospectively
have reported inhibitor development in 18-52% [1-6]. These
numbers are higher than values from earlier reports, which
were based on prevalence studies and so did not include
individuals with transient inhibitors. Inhibitors develop less
frequently in mild/moderate than in severe hemophilia A
[1-8], while in hemophilia B inhibitors are known to develop
only rarely.

Inhibitors reduce the efficacy of hemostatic treatment and
clearly cause additional morbidity. Data on mortality are,
however, conflicting. Some studies have reported increased
mortality with inhibitors [9-13], whereas recent reports from
Holland and Finland [14,15] showed no increase, suggesting
that improved treatment of inhibitors may have improved
outcome.

Studies to date of the development of inhibitors and of their
effect on subsequent mortality have mostly been based on small
numbers of individuals, and so their conclusions are subject to
uncertainty. In addition, the incidence of inhibitors over time
has not previously been examined. We have therefore inves-
tigated these issues in the Nationwide Database that has been
maintained by the United Kingdom Haemophilia Doctors’
Organisation (UKHCDO) for over 20 years.

Materials and methods

Since 1976 the UKHCDO Nationwide Haemophilia Database
has included details of all males diagnosed with hemophilia A
or B regardless of whether they were treated. The database is
updated continuously, including notifications of patients in
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whom inhibitors have been detected for the first time. The
present study includes all 7250 males with hemophilia A or B
recorded as living in the UK during 1977-98. The vital status
on 1/1/2000 for 96.3% of this group was ascertained using
information from Haemophilia Centres and from the National
Health Service (NHS) Central Registers, while 1% had
emigrated and 2.7% were lost to follow-up. Death certificates
were obtained from the Office for National Statistics and
information on cause of death was also often available from
hemophilia centers. All available information was examined to
identify individuals for whom bleeding or intracranial hemor-
rhage was involved in causing death. Further information on
data collection is given elsewhere [16].

Person-years at risk were calculated as the time from date of
registration on the database to date last seen. This was usually
1/1/2000 or date of death, if earlier. For those who had
emigrated prior to 1/1/2000 it was the date of emigration, and
for those who were lost to follow-up it was the date last seen by
a hemophilia center. Person-years at risk and numbers of
deaths were subdivided by current age (5-year groups),
calendar period (single years), whether or not inhibitors had
developed, and type and severity of hemophilia. Testing for
HIV-1 antibodies became available late in 1984 and, from 1/1/
19835, person-years were also subdivided by HIV-status. Testing
of stored blood samples has shown that most HIV infections
took place before this, but there was no increase in mortality
prior to 1985 [16,17]. Deaths and person-years at ages
85+ years were excluded from the analysis of mortality rates.
The influence of inhibitor development and other factors on
mortality was studied using Poisson regression. Significance

tests were two-sided. Calculations were carried out using the
computer package STATA [18].

Results

Development of inhibitors

Among 6078 individuals with hemophilia A, 7.5% (457
individuals) had developed inhibitors before 1/1/2000.
Among those infected with HIV 12.8% had developed
inhibitors, while among others 19.0% of those with severe,
7.0% of those with moderate, and 0.9% of those with mild
hemophilia A had developed inhibitors (Table 1). Among
1172 individuals with hemophilia B, 12 (1.0%) had developed
inhibitors, including 11 with severe (one HIV +ve) and one
with moderate hemophilia B.

For 282 individuals inhibitors were first detected during
1977-99. In severe hemophilia A inhibitors developed at a rate
of 6.4 per 1000 years at risk for all ages combined. The rate
varied with age, taking values 34.4, 5.2 and 3.8 per 1000 years
at risk at ages <5, 5-14 and 15+ years, respectively (Table 2),
and the cumulative risks of inhibitor development at ages 5, 15,
50 and 75 years were 16%, 20%, 30% and 36%, respectively.
For patients with moderate/mild hemophilia A the rate of
inhibitor development was just over one quarter that for
patients with severe hemophilia A of similar age, and cumu-
lative risks of inhibitor development at ages 5, 15, 50 and
75 years were 5%, 6%, 10% and 12%, respectively. There was
strong evidence that the rate of inhibitor development varied
over time (P = 0.001 adjusted for age and severity). It

Table 1 Numbers of patients recorded as having developed inhibitors and numbers of deaths by 1 January 2000 in males with hemophilia A or B and
registered in the UK Haemophilia Center Doctors’ Organization national database, 1977-98

Others
Developed inhibitors by HIV +ve,
1 January 2000 1985-99* Severe® Moderate® Mild Total
Hemophilia A Numbers of individuals
No 1050 (87.2)¢ 857 (81.0) 1032 (93.0) 2682 (99.1) 5621 (92.5)
Yes 154 (12.8) 201 (19.0) 78 (7.0) 24 (0.9) 457 (1.5)
Total 1204 (100.0) 1058 (100.0) 1110 (100.0) 2706 (100.0) 6078 (100.0)
Percentage treated® 100.0 97.4 94.5 73.0 86.5
Numbers of deaths
No 667 (86.4) 158 (73.2) 132 (90.4) 363 (98.9) 1320 (87.9)
Yes 105 (13.6) 58 (26.8) 14 (9.6) 4 (1.1) 181 (12.1)
Total 772 (100.0) 216 (100.0) 146 (100.0) 367 (100.0) 1501 (100.0)
Hemophilia B Numbers of individuals
No 27 (96.4) 252 (96.2) 365 (99.7) 516 (100.0) 1160 (99.0)
Yes 1(3.6) 10 (3.8) 1(0.3) 0 (0.0) 12 (1.0)
Total 28 (100.0) 262 (100.0) 366 (100.0) 516 (100.0) 1172 (100.0)
Percentage treated® 100.0 98.5 91.8 76.4 86.7
Numbers of deaths
No 16 (100.0) 31 (91.2) 31 (100.0) 68 (100.0) 146 (98.0)
Yes 0 (0.0) 3 (8.8) 0 (0.0) 0 (0.0) 3 (2.0)
Total 16 (100.0) 34 (100.0) 31 (100.0) 68 (100.0) 149 (100.0)

Severe, moderate and mild hemophilia combined. "Clotting factor concentration < 1 international unit per dl. *Clotting factor concentration 1-5
international units per dl. “Column percentages in brackets. “These percentages reflect treatment recorded in the UKHCDO database. Some other
patients may also have been treated but no record was made on the database.
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Table 2 Numbers of patients developing inhibitors for the first time and rate of development of inhibitors by age, and severity and type of hemophilia,

1977-99
Severe Moderate/mild All severities
No. of Rate per No. of Rate per No. of Rate per
Age (years) individuals 1000 years  95% CI individuals 1000 years  95% CI individuals 1000 years  95% CI
Hemophilia A
<5 72 34.4 (26.9,433) 29 9.3 6.2, 13.4) 101 19.4 (15.8, 23.6)
5-14 28* 5.2 (3.5, 7.6) 14 15 08,25 42 29 (2.1, 3.9)
15 + 75% 3.8 (3.0, 4.8) 58 1.2 (0.9, 1.6) 133 2.0 (1.7, 2.3)
All hemophilia A 175 6.4 (5.5,7.5) 101 1.7 (14,200 276 32 (2.8, 3.6)
P for trend with age <0.001 <0.001 <0.001
Hemophilia B
<5 4 133 (3.6, 33.9) 1 1.4 (0.0, 7.6) 5 4.8 (1.6, 11.3)
5+ 1 0.2 0.0, 1.2) 0 0.0 (0.0, 0.3) 1 0.1 (0.0, 0.3)
All hemophilia B 5 1.0 0.3,2.4) 1 0.1 (0.0, 0.4) 6 0.3 (0.1, 0.7)
P for trend with age <0.001 <0.002 <0.001

13 individuals (2 severe aged 5-14, 8 severe aged 15+, 3 moderate/mild aged 15+) developed inhibitors after becoming infected with HIV.

decreased steadily from 5.4 (95% CI 3.5,7.4) per 1000 years in
1977-78 to 2.1 (95% CI 1.3,3.0) per 1000 years in 1988-90.
After this it increased, reaching 4.1 per 1000 years (95% CI 2.9,
5.2) in 1997-99. Similar patterns were observed in severe and in
moderate/mild hemophilia (see Table 3).

Five patients with severe hemophilia B developed inhibitors
[in 1977, 1988, 1992 (2 patients) and 1994]. The rate of inhibitor
development in severe hemophilia B was 13.3 per 1000 years at
risk at ages <5 years and 0.2 per 1000 years at risk at older
ages, and cumulative risks of inhibitor development at ages 5,
25, and 75 years were 6%, 7% and 8% respectively. One
patient with moderate/mild hemophilia B developed inhibitors
in 1992. The rate of inhibitor development in moderate/mild
hemophilia B was 1.4 per 1000 years at risk at ages < 5 years
and 0.1 per 1000 years at risk at all ages.

Deaths in patients with inhibitors

Overall 184 patients who had previously developed inhibitors
had died (hemophilia A: 181, hemophilia B: 3), including 79
who were not infected with HIV (Table 1). Among these 79,

5.1% died when aged <15 years, and 19.0%, 22.8%, 39.2%
and 13.9% died at ages 15-34, 35-54, 55-74 and 75+ years,
respectively (Table 4). For 35 of the 79, inhibitors were first
detected after 1/1/1977, so information was available on the
interval between development of inhibitors and death. Eight
died within a year of developing inhibitors, while for 8, 10, and
9 patients, respectively, the intervals between inhibitor devel-
opment and death were 1-4, 5-9 and 10+ years, respectively.
The5 patients with severe hemophilia who died when aged
75+ years had first developed inhibitors 11, 15, 24, 25, and
28 years previously.

Bleeding was involved in causing 59 of the 79 deaths in
patients with inhibitors but without HIV infection and, of
these, nine (8 severe, 1 moderate A) were due to intra-
abdominal (retroperitoneal) bleeding and six (4 severe, 1
moderate, 1 mild A) to postoperative complications. Intracra-
nial hemorrhage was involved in 27. Chronic liver disease was a
cause of six deaths and hepatocellular carcinoma of one;
bleeding was involved in all these seven deaths. The 105 deaths
in HIV-infected patients with inhibitors were predominantly
from HIV-related causes [16].

Table 3 Numbers of patients developing inhibitors for the first time and rate of development of inhibitors by calendar period and severity for patients with

hemophilia A, 1977-99

Severe Moderate/mild All severities

Calendar No. of Rate per No. of Rate per No. of Rate per

period individuals 1000 years  95% CI individuals 1000 years  95% CI  individuals 1000 years 95% CI
1977-78 2 9.0 (52,128) 9 2.8 (1.0,4.7) 31 5.4 (3.5, 7.4)
1979-81 26 6.8 (4.2,94) 13 22 (1.0, 3.5) 39 4.0 (2.8,5.3)
1982-84 32 8.0 (5.2,108) 9 1.3 0.4,22) 41 38 (2.7, 5.0)
1985-87 22 5.2 (3.0, 7.4) 3 0.4 (0.0,0.9) 25 22 (1.4,3.1)
1988-90 14 32 (1.5,48) 11 L5 (0.6,2.4) 25 2.1 (1.3, 3.0)
1991-93 12 2.9 (1.3, 4.6) 17 1.9 (1.0,2.8) 29 2.3 (1.5, 3.1)
1994-96 22 5.7 (3.3,8.1) 16 1.7 0.9,2.6) 38 2.9 (2.0, 3.9)
1997-99 25 8.1 (5.0,11.2) 23 2.6 (1.5,3.6) 48 4.1 (2.9,5.2)
P for heterogeneity with 0.007 0.01 0.001

calendar period
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Table 4 Numbers of patients who were not infected with HIV but who
were recorded as having developed inhibitors and who died during
1977-99, by age at death and severity of hemophilia

Age at death

(years) Severe Moderate ~ Mild All severities
<15 3 (4.9 1(7.1) 0 (0.0) 4(5.0)°
15-34 13 (21.3)° 2(14.3) 0 (0.0) 15 (19.0)°
35-54 16 (26.3) 1(7.1) 1 (25.0) 18 (22.8)
55-74 24 (39.3) 5(35.7) 2 (50.0) 31(39.2)
75+ 5(8.2)% 5(35.7)° 1(25.00) 11 (13.9)%%
Total 61 (100.0) 14 (100.0) 4 (100.0) 79 (100.0)

aColumn percentages in parentheses. "Ages at death 1year 8 m
(severe), 3 years 10 m (severe), 6 years 5 m (severe) and 14 years 2 m
(moderate). “Includes 2 patients with hemophilia B. “Includes 1 patient
with hemophilia B, who had developed inhibitors 25 years previously.
€2 deaths occurred in patients aged 85+ years, 1 involved bleeding.

Effect of inhibitor development on mortality rate from all
causes

In HIV-infected patients the all-cause death-rate was similar in
those who had and those who had not developed inhibitors
(death rate ratio: 1.02, 95% confidence interval (CI): 0.83, 1.26;
P = 0.83, adjusted for age, calendar period and type and
severity of hemophilia) (Table 5). In contrast, among HIV-
uninfected patients with severe hemophilia, the all-cause death-
rate during the whole of 1977-99 in those with inhibitors was
almost double that in those without inhibitors (death rate ratio:
1.79, 95%CI: 1.33, 2.42; P < 0.001), while for moderate/mild
hemophilia the death rate in those with inhibitors was more
than twice the rate in those without inhibitors (death rate ratio:
2.55, 95%CI: 1.56, 4.18; P < 0.001). The effect of inhibitor
development on all cause mortality did not differ significantly
between hemophilia A and hemophilia B (P > 0.05 for all
three groups).

The annual all-cause death-rate among severely hemophilic
patients without HIV infection and who had not developed
inhibitors remained approximately constant throughout 1977—
99 (Table 6). Among those with inhibitors the all-cause death-
rate during 1977-84 and 1985-92 was more than double the
corresponding death rate among those without (death rate

ratio 2.17, 95%CI 1.55, 3.04, P < 0.001). In contrast, the
death rates for those with and without inhibitors were identical
during 1993-99.

For patients with moderate/mild hemophilia who were
without HIV infection and who had not developed inhibitors,
the all-cause death-rate was stable during 1977-99, and it was
substantially lower than in patients with severe hemophilia who
had not developed inhibitors (Table 6). Among patients with
moderate/mild hemophilia with inhibitors the all-cause death-
rate decreased significantly over time (P = 0.03), from 31.3 per
1000 years at risk (95%CI 10.7, 52.0) in 1977-84 to 12.8
(95%CI 1.5, 24.2) in 1993-99, similar to the death rate for
patients with severe hemophilia in 1993-99. This substantial
decrease cannot be explained by the inclusion of more
asymptomatic mild patients during the later time periods
(Table 6).

Mortality rates from specific causes

The above analysis was repeated for deaths involving bleeding
of any type and also specifically for deaths involving intracra-
nial _hemorrhage. Death rates for both endpoints were
approximately constant over time in patients with severe
hemophilia who had not developed inhibitors (Table 6). For
patients with inhibitors, however, there were decreasing trends
in the death rate both for bleeding and for intracranial
hemorrhage (P = 0.001 and 0.007 respectively)f During 1993—
99 death rates in severe hemophilia both for bleeding and for
intracranial hemorrhage in those with inhibitors were similar to
death rates in those without inhibitors, whereas earlier they had
both been substantially higher in those with inhibitors
(Table 6).

For patients with moderate/mild hemophilia who had
developed inhibitors, death rates for bleeding and for intra-
cranial hemorrhage also tended to decrease over the period
studied, but the trend reached statistical significance only for
deaths involving intracranial hemorrhage. In 1993-99 the death
rates for both endpoints in patients with moderate/mild
hemophilia and inhibitors were not significantly different from
those in severe hemophilia with inhibitors.

Table 5 Effect of inhibitor development on mortality from all causes in males in the UK with hemophilia, 1977-99

Others
HIV +ve, 1985-99 Severe Moderate/mild
No. of Death rate No. of Death rate No. of Death rate
deaths ratio® 95% CI° deaths ratio® 95% CI deaths ratio® 95% CI
Ever developed inhibitors
No® 683 1.00 - 186 1.00 - 543 1.00 -
Yes 105 1.02 (0.83, 1.26) 60 1.79 (1.33,2.42) 17 2.55 (1.56, 4.18)
P for difference 0.83 < 0.001 0.001
Total deaths® 788 246 560
Person-years" 12 443 27 099 71 651

“Adjusted for age, calendar period, type of hemophilia and, for analyses of moderate/mild patients and HIV + ve patients, severity of hemophilia.
°CI: confidence interval. “Baseline category. “Deaths and person-years at ages 85 + years excluded.

© 2004 International Society on Thrombosis and Haemostasis
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Table 6 Age-standardized annual death rates by calendar period in males in the UK with hemophilia who were not infected with HIV, 1977-99*

Severe

No inhibitors With inhibitors

Moderate/mild®

No inhibitors With inhibitors

Rate per Rate per Rate per Rate per
Calendar No. of 1000 years® No. of 1000 years® No. of 1000 years® No. of 1000 years®
period deaths (95% CI) deaths (95% CI) deaths 95% CI) deaths (95% CI)
All causes of death
1977-84 79 10.0 (7.7, 12.2) 29 20.3 (12.9, 27.8) 139 6.5 (5.4, 7.6) 7 31.3 (10.7, 52.0)
1985-92 48 9.8 (7.1, 12.5) 21 23.4(13.7,33.2) 187 5.8 (5.0, 6.7) 4 15.0 (0.3, 29.7)
1993-99 59 11.9 (8.9, 15.0) 10 11.9 (4.5, 19.3) 217 6.0 (5.2, 6.8) 6 12.8 (1.5, 24.2)
P for trend 0.64 0.16 0.09 0.03
Deaths involving bleeding
1977-84 44 55(3.8,7.2) 28 19.9 (12.6, 27.3) 43 2.0 (1.4, 2.6) 3 13.8 (0.0, 28.6)
1985-92 24 4.9 (2.9, 6.8) 17 18.9 (10.1, 27.6) 52 1.6 (1.2, 2.1) 3 11.7 (0.0, 25.0)
1993-99 29 5.6 (3.5,7.7) 3 3.0 (0.0, 6.4) 55 1.6 (1.1, 2.0) 4 9.9 (0.0, 20.5)
P for trend 0.90 0.001 0.16 0.51
Deaths involving intracranial hemorrhage
1977-84 25 3.1(1.8,4.3) 14 10.5 (5.0, 16.0) 24 1.1 (0.7, 1.5) 2 9.2 (0.0, 21.5)
1985-92 17 3.5(1.8,5.1) 7 8.2 (2.1, 14.2) 33 1.1 (0.7, 1.4) 1 3.5(0.0, 10.2)
1993-99 19 3.5(1.9, 5.1) 2 2.1 (0.0, 5.0) 23 0.7 (0.4, 0.9) 1 1.5 (0.0, 4.4)
P for trend 0.58 0.007 0.07 0.02
Person-years 23833 3266 70 657 994

YHIV +ves excluded from 1985 or date of HIV-seroconversion, if later. ®In this group the percentages of newly registered patients with mild
hemophilia were 61, 74, 71, 71 and 69 in calendar periods 1976 or earlier, 1977-84, 1985-92 and 1993-99, respectively. “Death rates directly

standardized for age to the age distribution of all patients with inhibitors.

Discussion

This study has provided estimates of the rate of development of
inhibitors in a large nationwide hemophilia population,
subdivided by age and severity, for both hemophilia A and
hemophilia B. In hemophilia A the rate is higher than
previously reported for the UK [8,19]. This is partly due to
corrections in the database, partly due to the use of more
accurate methods for determining the number of years at risk in
the analysis, and partly due to a change in the definition of
severe hemophilia, from < 2to < I international units per dl.
The results demonstrate that inhibitor development is highest
in children, with cumulative risk reaching 16% by age 5 years
in severe hemophilia A. However, inhibitors continue to
develop at older ages, albeit at a lower rate, and the cumulative
risk rises to 36% by age 75 years. These data also confirm a
lower rate of inhibitor development in hemophilia B than in
hemophilia A, by a factor of 2.6 for children with a severe
defect and by larger factors at older ages and in moderate/mild
disease (Table 2). As hemophilia B is also less common than
hemophilia A, this means that fewer than one inhibitor in 40
occurs in a patient with hemophilia B.

The reasons underlying the steady decrease in the rate of
inhibitor development in hemophilia A until about 1990,
followed by the steady increase during the 1990s are not yet
clear. An earlier study of inhibitor incidence during 1990-93
noted that inhibitor incidence was increasing [19], but within
the short period studied the trend was not significant
statistically. In this longer study, the variation is highly
significant statistically, and the changes cannot plausibly be

© 2004 International Society on Thrombosis and Haemostasis
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explained by chance. Variations in the completeness with
which transient inhibitors were detected also seem unlikely to
explain such large changes. Similar patterns are seen in those
with moderate/mild hemophilia, among whom 7% were
infected with HIV, and in those with severe hemophilia,
among whom 53% were infected with HIV [16], so that the
increase in inhibitor incidence during the 1990s cannot be
explained by HIV infection. Total consumption of FVIII
increased steadily throughout the period studied, from 12 000
units/patient in 1977 to around 35 000 units/patient in the late
1990s [12,20,21], with increases in the consumption of both
NHS and commercial concentrates. Cryoprecipitate was used
in decreasing amounts up to the early 1990s, when it virtually
ceased to be used, but its decline has not previously been
associated with a decrease in inhibitor incidence. Recombinant
(r)FVIII was first introduced in the UK in 1995, when it
represented 5% of total FVIIIL. Since then its use has increased
substantitally to about half in 1999.

Inevitably there are limitations to the data that it has been
possible to collect for such a large population. Individuals are
recorded in the UKHCDO database as having developed
inhibitors if they were detected during routine clinical care or,
in a few instances, during a clinical trial. Information is not
available on inhibitor titers, transient inhibitors, the use of
monoclonal or high purity products, or product usage by
individuals. Genotype information is not available for this large
population. However, a study of genotypes in moderate/mild
hemophilia A which included some of the patients in this group
[8] suggested that there may be a familial disposition to develop
inhibitors.
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Inhibitors make it difficult to treat bleeding episodes,
preclude prophylaxis and make surgery more hazardous. The
present data confirm that in severe hemophilia inhibitor
development was associated with a doubling of the all-cause
death-rate during 1977-92. However, the mortality rates for
deaths involving bleeding and for deaths involving intracranial
hemorrhage have both decreased significantly and, during
1993-99, in severe hemophilia the all-cause death-rate was
identical in individuals who had and individuals who had not
developed inhibitors (Table 6). Apart from those born after
1985, almost all UK patients with severe hemophilia, and many
of those with moderate/mild disease, were infected with
hepatitis C virus. In patients with inhibitors but without
HIV, liver disease or hepatocelluar carcinoma played a role in
9% [7/79] of deaths. This proportion is similar to that for all
individuals with hemophilia and without HIV [16] and in
neither group is it large enough to have affected substantially
the overall trends in mortality.

The decrease in mortality in those with inhibitors may, in
part, be the effect of more complete identification of transient
inhibitors, but it is likely to be chiefly a reflection of better
treatment of bleeding episodes and more successful immune
tolerance. Porcine FVIII has been used in the UK for the
treatment of hemophilia A with inhibitors throughout the
period studied, although its use declined from an average of
7000 units/patient during 1977-84, to 2000 units/patient
during 1993-99 [12,20,21]. In contrast, use of the activated
prothrombin-complex concentrate FEIBA increased from an
average of 9000 units/patient during 1977-84, to 18 000 units
during 1985-92, and further to 57 000 units during 1993-99.
FEIBA was found to be more effective than nonactivated
prothrombin-complex concentrate in a controlled comparison
[22], and response rates with FEIBA have been reported to be
as high as 80-90% [23]. In the late 1980s and early 1990s
immune tolerance induction has also gained popularity in the
UK [8] but information on its quantitative usage is not
available for this population. A further therapeutic option
became available in 1996 with the introduction of rFVIIa. It
was evaluated in 518 serious bleeding episodes and found to be
effective in 62% of muscle, 80% of ear, nose and throat, 88%
of central nervous system, 76% of joint and 75% of retro-
peritoneal bleeds [24].

The present study also provides evidence that in moderate/
mild hemophilia the development of inhibitors remains dele-
terious, with all cause mortality during 1993-99 similar to that
in severe hemophilia. This is not surprising in view of the fact
that in the majority of these patients the antibody cross-reacts
with the patient’s own FVIII, converting the patient from a
mild/moderate to a severe phenotype often with bleeding
manifestations similar to those observed in patients with
acquired hemophilia [8].

HIV infection was associated with substantially increased
mortality during the study period [16,17]. A further increase
was not seen with inhibitors, and indeed some HIV positive
patients who had inhibitors may lose them as their immune
function deteriorates [25,26].

[no notes on this page]

Previous studies of the effect of inhibitors on mortality
usually involved small cohorts. Diamondstone [9] found that
inhibitors increased mortality by a factor of 3.1 (95%CI 1.4,
6.9) amongst 751 American children and adults followed from
1986, and Larsson [11] reported that, during 1961-80, inhib-
itors were associated with increased mortality amongst 948
Swedish patients. When 717 Dutch patients were originally
studied in 1989, inhibitors increased mortality by a factor of 5.3
(95%CI 1.9, 11.5) in severe hemophilia [13]. However, when
the Dutch group was reviewed in 1995, mortality in those with
and without inhibitors was identical during 1986-92 (relative
risk = 1.0; 95%CI 0.1, 7.5) among 919 patients including 22
with inhibitors [14]. Similarly a 1982 Finnish study showed an
increased risk of hemorrhagic death with inhibitors [10], but an
updated analysis of 139 patients (25 with inhibitors) showed
that the death rate with inhibitors had declined from 42 per
1000 in the 1970s to 6 per 1000 during the 1980s, similar to that
in patients without inhibitors [15].

A recent study of the cost of treating bleeding episodes in
patients with inhibitors considered quality of life [27]. Overall
0.6 bleeding episodes/patient/month were recorded in 52
patients followed up for 18 months. The patients’ quality of
life, measured through validated questionnaires, was similar
to that of severe hemophiliacs without inhibitors: physical
quality of life was similar to that in non-hemophilic diabetes
patients and subjects with renal failure on dialysis, and
psychological quality of life was comparable to that in the
general population. The conclusion of this important study
was that, although the treatment of hemophilia patients with
inhibitors is expensive, the outcome is good in terms of a
satisfactory quality of life.

In summary, this study has provided more precise
estimates of the rate of development of inhibitors in
hemophilia A than were available previously; it has provided
them subdivided by age and severity of hemophilia and it has
shown that the rate of inhibitor development has varied over
time, with a steady decrease during 1977-90, followed by an
increase during the 1990s. It has also provided estimates of
the rate of development of inhibitors in people with
hemophilia B. It has confirmed that during 1977-92 inhibitor
development was associated with a doubling of the age-
specific all-cause death-rate in severe hemophilia. Hemorrha-
gic death rates have, however, decreased in individuals with
severe hemophilia and inhibitors and during 1993-99 the
development of inhibitors was no longer associated with
increased mortality. For individuals with moderate/mild
hemophilia, death rates have also tended to decrease in
individuals with inhibitors, but the development of inhibitors
probably remains associated with increased mortality in
moderate/mild hemophilia.
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UK Haemophilia Centres contributing data to this study

Aberdeen: Grampian Area Haemophilia Centre, Aberdeen
Royal Infirmary. Ashford: Haematology Laboratory, Ashford
Hospital. Bangor: Haemophilia Center, Ysbyty Gwynedd.
Barnstaple: Department of Haematology, North Devon Dis-
trict Hospital. Basingstoke: The North Hampshire Haemophi-
lia Centre, North Hampshire Hospital. Bath: Department of
Haematology, Royal United Hospital (North). Bedford:
Department of Haematology, Bedford Hospital Trust. Belfast:
N.I. Haemophilia Comprehensive Care Center, Belfast City
Hospital; Royal Belfast Hospital for Sick Children. Birming-
ham: Haemophilia Unit, Queen Elizabeth Hospital; Depart-
ment of Haematology, The Birmingham Children’s Hospital
NHS Trust. Blackburn: Department of Haematology, Black-
burn Royal Infirmary. Bournemouth/Poole: Department of
Haematology, Poole General Hospital. Bradford: Bradford
Haemophilia Centre; Department of Paediatrics, Bradford
Royal Infirmary. Brighton: Department of Haematology,
Royal Sussex County Hospital. Bristol: Avon Haematology
Unit, Bristol Oncology Centre; Department of Oncology/
BMT, Royal Hospital for Sick Children. Bury St. Edmunds:
The West Suffolk Hospital. Camberley: Department of
Pathology, Frimley Park Hospital. Cambridge: Department
of Clinical Haematology, Addenbrooke’s Hospital. Canter-
bury: Haemophilia Centre, Kent and Canterbury Hospital.
Cardiff: Department of Haematology, University Hospital of
Wales. Carlisle: Department of Pathology, Cumberland
Infirmary. Carshalton: Department of Haematology, St Helier
Hospital. Chelmsford: Department of Haematology, Broom-
field Hospital. Chertsey: Department of Pathology, St Peter’s
Hospital. Chichester: Haematology Laboratory, St Richard’s
Hospital. Colchester: Department of Haematology, District
General Hospital. Coventry: Department of Haematology,
Walsgrave Hospital NHS Trust. Derby: Derbyshire Royal
Infirmary. Dorchester: Department of Haematology, West
Dorset Hospital. Dundee: Haemophilia Unit, Ninewells Hos-
pital. Eastbourne: Department of Haematology, District Gen-
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eral Hospital. Edinburgh: Haemophilia Centre, Royal
Infirmary; Department of Haematology, Royal Hospital for
Sick Children. Epsom.: Haematology Laboratory, Epsom
General Hospital. Exeter: Department of Haematology, Royal
Devon & Exeter Hospital (Wonford). Glasgow: Haemophilia
and Thrombosis Center, Glasgow Royal Infirmary; Depart-
ment of Haematology, Royal Hospital for Sick Children.
Harlow: Department of Haematology, Princess Alexandra
Hospital. Harrogate: Harrogate District Hospital. Harrow:
Department of Haematology, Northwick Park Hospital.
Hereford: Department of Haematology, County Hospital.
Hillingdon: Hillingdon Hospital. Huddersfield: Department of
Haematology, Huddersfield Royal Infirmary. Hull: Depart-
ment of Haematology, Kingston General Hospital. Inverness:
Department of Haematology, Raigmore Hospital. Ipswich:
The Ipswich Hospital. Kettering: General Hospital. Kingston
upon Thames: Haematology Laboratory, Kingston Hospital.
Lancaster: Department of Haematology, Royal Lancaster
Infirmary. Leeds: Haemophilia Unit; Department of Paediatric
Haematology, St James’ University Hospital. Leicester: Hae-
mophilia Center, Leicester Royal Infirmary. Lincoln: Lincoln
County Hospital. Liverpool: Haematology Laboratories,
Royal Liverpool University Hospital; Department of Haema-
tology, Royal Liverpool Children’s Hospital, Alder Hey.
London: Department of Haematology, Imperial College School
of Medicine, Hammersmith Hospital; Department of Haema-
tology, St Mary’s Hospital; Department of Haematology,
Great Ormond Street Hospital for Sick Children; Department
of Haematology, Barts and The London Haemophilia Center,
Royal London Hospital; Haemophilia Centre, Royal Free
Hospital; Department of Haematology, University College
Hospital; Department of Haematology, King’s College Hos-
pital; Department of Haematology, Lewisham Hospital; Hae-
mophilia Centre, St Thomas® Hospital; Department of
Haematology, St George’s Hospital. Luton: Department of
Pathology, Luton and Dunstable Hospital. Manchester: Uni-
versity Department of Haematology, Manchester Royal
Infirmary; Department of Haematology, Royal Manchester
Children’s Hospital. Medway: Medway Maritime Hospital.
Milton Keynes: Department of Haematology, Milton Keynes
Hospital. Middlesborough: Department of Clinical Pathology,
Middlesborough General Hospital. Newcastle upon Tyne:
Haemophilia Centre, Royal Victoria Infirmary. Newport:
Department of Haematology, Royal Gwent Hospital. Nor-
thampton: Department of Haematology, Northampton Gen-
eral Hospital NHS Trust. Norwich: Department of
Haematology, Norfolk and Norwich Hospital. Nottingham:
Department of Haematology, University Hospital, Queen’s
Medical Centre. Oxford: Oxford Haemophilia Centre, Chur-
chill Hospital. Peterborough: Peterborough District Hospital.
Plymouth: Derriford Hospital. Portsmouth: Central Laborat-
ory, East Wing, St Mary’s General Hospital. Salisbury:
Department of Pathology, Salisbury District Hospital. Shef-
field: Sheffield Haemophilia and Thrombosis Centre, Royal
Hallamshire Hospital; The Roald Dahl Paediatric Haematol-
ogy Centre, The Children’s Hospital. Shrewsbury: Department
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of Pathology, Shrewsbury Hospital (Copthorne North). Sou-
thampton: South Hampshire Haemophilia Centre, South
Hampshire General Hospital. Southend: Department of Hae-
matology, Southend Hospital. St Leonards-On-Sea: Conquest
Hospital. Stoke on Trent: Central Pathology Laboratory,
North Staffordshire Hospital. Sunderland: The District Gen-
eral Hospital. Swansea: Swansea Haemophilia Centre, Single-
ton Hospital. Taunton/Yeovil: Department of Haematological
Medicine, Taunton and Somerset Hospital. Thornton Heath:
Haematology Laboratory, Mayday Hospital. Torquay:
Department of Haematology, Torbay Hospital. Truro:
Department of Haematology, Treliske Hospital. Tunbridge
Wells: Pembury Hospital. Whitehaven: West Cumberland
Hospital. Winchester: Pathology Laboratory, Royal Hamp-
shire County Hospital. Wolverhampton: Department of
Haematology, New Cross Hospital. Worcester: Department
of Haematology, Worcester Royal Infirmary NHS Trust.
Worthing: Haematology Laboratory, Worthing Hospital.
York: York District Hospital.
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