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Abstract
Background: Despite recent therapeutic advances, life expectancy in persons with 
congenital hemophilia A (PwcHA) remains below that of the non-HA population. As 
new therapies are introduced, a uniform approach to the assessment of mortality is 
required for comprehensive evaluation of risk–benefit profiles, timely identification 
of emerging safety signals, and comparisons between treatments.
Objectives: Develop and test a framework for consistent reporting and analysis of 
mortality across past, current, and future therapies.
Patients/Methods: We identified known causes of mortality in PwcHA through 
literature review, analysis of the US Food and Drug Administration Adverse Event 
Reporting System (FAERS) database, and expert insights. Leading causes of death 
in general populations are those recognized by the Centers for Disease Control and 
Prevention and the World Health Organization. We developed an algorithm for 
assessing fatalities in PwcHA and used this to categorize FAERS data as a proof of 
concept.
Results: PwcHA share mortality causes with the non-HA population including cardio-
vascular disease, malignancy, infections, pulmonary disease, dementias, and trauma/
suicide. Causes associated with HA include hemorrhage, thrombosis, human immuno- 
deficiency virus, hepatitis C virus, and liver dysfunction. We propose an algorithm 
employing these classes to categorize fatalities and use it to classify FAERS fatality 
data between 01/01/2000 and 03/31/2020; the most common causes were hemorr- 
hage (22.2%) and thrombosis (10.4%).
Conclusions: A conceptual framework for examining mortality in PwcHA receiving 
any hemophilia therapy is proposed to analyze and interpret fatalities, enabling con-
sistent and objective assessment. Application of the framework using FAERS data 
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1  | BACKGROUND

People with congenital hemophilia A (PwcHA) are reported to have 
a shorter life expectancy than that of the general population.1-3 This 
is partially due to the residual effects of contamination of blood 
products with hepatitis C virus (HCV) and human immunodeficiency 
virus (HIV) that were used for the treatment of hemophilia during 
the 1980s,4 and partially due to a higher rate of hemorrhagic death  
associated with hemophilia A (HA) compared with the general pop-
ulation.5 Furthermore, up to one third of people with severe con-
genital HA develop factor VIII (FVIII) inhibitors, rendering them at 
a higher risk of severe bleed-related complications known to be 
associated with shorter life expectancy.6 Management of PwcHA 
with FVIII inhibitors is associated with poorer outcomes due to the 
reduced efficacy of bypassing agents (BPAs) in the treatment and 
prevention of bleeds, their pharmacokinetic properties, burdensome 
administration,7 and their pro-thrombotic risk.8,9

A recent systematic literature review noted that mortality rates 
and ratios in PwcHA have generally decreased over the past several 
decades.5 The review also found that the most common causes of 
death changed over time, reflecting the diminishing effect of HIV/
HCV infections and generally increasing life expectancy.10,11 A study 
of causes of death in PwcHA in the Netherlands found that approx-
imately 80% of deaths from acquired immunodeficiency syndrome 
(AIDS) occurred before 1995, when effective antiviral treatment for 
HIV first became available.1 Similarly, antiviral therapies for people 
with HCV are now available, and offer sustained virologic responses 
or cure in >95% of patients.12 However, prior to their availability, 
some PwcHA may have experienced irreversible liver disease with 
progression to cirrhosis and hepatocellular carcinoma (HCC).13 
The increasing life expectancy in PwcHA is associated with a shift 
in causes of death toward those associated with aging in the gen-
eral population, such as cardiovascular disease (CVD) and malig-
nancy. The literature review also highlighted that causes of death 
reported among PwcHA varied across populations, countries, and 
time. Similarly, reporting of cause of death within post-marketing 
reports is also highly heterogeneous. Furthermore, spontaneous 
post-marketing reports of adverse events (AEs) often lack key  
clinical contextual details surrounding the cause of death, which 
makes the interpretation of such safety data difficult at best.

The HA treatment landscape is rapidly evolving with several dif-
ferent therapies approved or under investigation. Novel treatments 
include emicizumab, a bispecific, humanized, monoclonal antibody 
that bridges activated factor IX (FIX) and factor X (FX), thereby 
restoring the function of missing activated FVIII in PwcHA;14 it 
is approved for PwcHA of all ages regardless of FVIII inhibitor 

status. Other non-factor replacement therapies still in development  
include: a ribonucleic acid (RNA) interference molecule targeting an-
tithrombin,15 a monoclonal antibody targeting tissue factor pathway 
inhibitor,16 and a bioengineered serine protease inhibitor that tar-
gets activated protein C.17 Adeno-associated virus (AAV) gene ther-
apies for HA, which promise continuous endogenous expression of 
FVIII through transfer of a functional B-domain-deleted FVIII gene, 
are also in development.18,19 While newer agents offer the prospect 
of improved efficacy,15,16,20 improved quality of life,21 and decreased 
treatment burden,21 safety experience in the real world is less developed.  
Moreover, given their different mechanisms of action, their safety 
profiles may differ from those of traditional coagulation therapies.22 
As new therapies and iterations of current factor replacement ther-
apeutic approaches enter the market, it is reasonable to expect a 
further evolution in mortality, including shifts in the causes of mor-
tality, together with improvements in patient quality of life and life 
expectancy.

These points demonstrate the need for a unified approach to re-
porting fatal events and causes of death to better understand mor-
tality in PwcHA. This approach could ultimately enable improved 
risk–benefit assessments and allow monitoring of the beneficial 
impact of new therapies on the HA community as disease manage-
ment advances. As such, a globally applicable conceptual frame-
work for cross-examining mortality in PwcHA that can be used to 
fully and consistently report, analyze, and interpret fatalities for all 
hemophilia therapies is needed. Here we aim to develop a mortality 
framework, integrating current data and medical practice pertaining 
to fatal events in PwcHA, which can be used to aid reporting and 
classification retrospectively, currently, and into the future. We then 
assess the utility of this framework by applying it to causes of death 
in PwcHA contemporaneous to coagulation product use, as reported 
to the United States Food and Drug Administration (FDA) Adverse 
Event Reporting System (FAERS) database.

suggests a generally consistent pattern of reported mortality across HA treatments, 
supporting the utility of this unified approach.

K E Y W O R D S

algorithms, cause of death, data analysis, hemophilia A, mortality

Essentials

•	 Uniform reporting of mortality in persons with congenital  
hemophilia A (PwcHA) is vital.

•	 The authors have developed and tested a framework for 
mortality reporting in PwcHA.

•	 Application of the framework to fatality data provides 
first proof of concept.

•	 We propose application of this framework to enable 
consistent assessment of mortality in PwcHA.
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2  | METHODS

2.1 | Development of the framework

Causes of mortality in PwcHA were compiled from several 
sources. First, a prospective systematic literature review was 
undertaken.5 A comprehensive search of Medline, Embase, the 
Cochrane Central Register of Controlled Studies, clinicaltrials.gov, 
and published conference abstracts was conducted on February 
5, 2020 using the search terms h(a)emophilia A, therapy, mortality, 
or cause of death to identify studies published between January 
2010 and February 2020. The search was updated on March 17, 
2020 to include observational studies that did not mention spe-
cific therapies. Second, the FAERS database was analyzed for 
causes of fatality in people with HA treated with FDA-approved 
coagulation products reported to FAERS in the last 20 years. Last, 
clinical insights from practicing doctors in the United States, Italy, 
UK, and South Africa, and insights from hemophilia patient sup-
port organizations were collected. The leading causes of death in 
the United States and worldwide general (non-hemophilia) popu-
lations were sourced from the Centers for Disease Control and 
Prevention (CDC)23 and the World Health Organization (WHO), 
respectively.24

This information was collated and used to develop an algo-
rithm for assessing fatalities in PwcHA. Causes of mortality were 
categorized into HA-associated and non-HA-associated causes, 
and further grouped into subcategories that reflected the leading 
causes of death for the general population and those most rele-
vant to PwcHA.

2.2 | Application of the framework using the 
FAERS database

The FAERS Public Dashboard is a web-based tool allowing searches 
of AE reports, medication error reports, and product quality com-
plaints resulting in AEs from the United States and worldwide. 
While useful as a data source for spontaneous voluntary reports 
of AEs to the FDA from the pharmaceutical industry, health-care 
providers, and consumers, FAERS is limited by the presence of du-
plicate and incomplete reports, and lack of treatment causation 
or medical verification of reports.25 A search was conducted to 
identify fatal events contemporaneous to all FDA-approved co-
agulation FVIII (including plasma-derived and recombinant; stand-
ard and extended half-life), BPAs (including activated prothrombin 
complex concentrate [aPCC] and activated recombinant factor VII 
[rFVIIa]), and emicizumab (see Table S1 for search and application 
methodology and Table S2 in supporting information for the FVIII 
products included in the analysis). Where patients were exposed 
to multiple therapies, the first therapy reported was used for clas-
sification. Duplications and events in rare bleeding disorders other 
than congenital HA were excluded. The fatalities were categorized 

using the treating physician's assessment of death and applying 
the algorithm that underpins the framework.

3  | RESULTS

As treatments have advanced over the past decades, particularly in 
well-resourced countries, causes of mortality in PwcHA have be-
come increasingly similar to, but are still divergent from, those of the 
general population.5 PwcHA share causes of mortality with the gen-
eral population including CVD, malignancy, and infections; but also 
retain unique disease- and treatment-associated causes of death 
(Figure 1). With this in mind, we developed a framework consisting 
of two overarching categories: “HA-associated mortality” and “non-
HA-associated mortality.” Additionally, a category of “unspecified” 
is reserved for cases in which not enough information is available to 
adequately categorize the death.

3.1 | Categorization of HA-associated mortality

Evidence from the systematic literature review demonstrates 
that HA-associated mortality risks can be grouped into four pri-
mary categories: hemorrhage, thrombosis, HIV/HCV related, and 
hepatic (non-HCV) related.5 The rationale for these categories is 
discussed below. Then, secondary considerations were identified 
enabling a more in-depth categorization of complex cases with 
multiple reported or contributory causes of death, and to avoid 
speculation on the specific cause of death when details are limited 
or difficult to interpret. This assessment should be made by the 
health-care professional who has the most in-depth knowledge of 
each specific case.

3.1.1 | Hemorrhage

As a leading cause of death in PwcHA,5 it is important that the 
risk of hemorrhage as a cause of fatality is documented as dis-
ease management improves. The risk of hemorrhage in PwcHA 
is multifactorial, depending on factors including: coagulation po-
tential, presence of FVIII inhibitors, presence of comorbidities 
(eg, hypertension), hemostatic challenge (eg, level of physical ac-
tivity, trauma, surgery), and tissue integrity (eg, inflamed versus 
healthy).26 When the primary cause of death is hemorrhage, it 
is clinically important to analyze the hemorrhagic event further, 
given the high prevalence of confounding factors and the limita-
tions of current medications. The specific cause of death can be 
further elucidated by considering other factors including: history 
and/or evidence of poor treatment response (ie, history of mul-
tiple bleeds at the same site) or life-threatening bleeding events 
(eg, intracerebral hemorrhage, pseudotumor), other known risk 
factors (such as advanced liver disease) or use of medications (eg, 
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anticoagulants) that increase the risk of hemorrhage, and objective 
evidence of loss of treatment efficacy.

3.1.2 | Thrombosis

As a known but rare complication of HA treatment, some approved 
products have boxed warnings on their product labels regarding 
thrombosis.8,9,27 Thrombosis-related mortality is receiving increas-
ing attention as PwcHA live longer and develop other comorbidities 
(eg, hypertension, atherosclerosis),28 and as newer therapies have 
altered the kinetics of hemostatic protection from the frequent 
peaks and troughs of factor replacement toward more steady-state 
coagulation potential through novel mechanisms of action (eg, FVIII 
replacement with bispecific antibody, messenger RNA antisense/
rebalancing, gene therapy) or pharmaceutical modifications of re-
placement clotting factors (eg, extended half-life products). It is cru-
cial to determine whether there are any changes in the incidence 
of thrombosis caused by the novel mechanisms of action of newer 
treatments. Alternatively, changes in the incidence of thrombosis 
could be a reflection of increased life expectancy, and hence an 
aging population of PwcHA, whose risk of thrombosis approaches 
that of the general population; if the latter is the case, this would 
require a more evidence-based prevention approach. Of note, chan-
neling bias, whereby two drugs with similar therapeutic indications 
are prescribed to patients with different prognostic characteristics, 
may confound drug comparisons.29,30 For example, a more con-
venient therapy may represent a particularly attractive option for 

clinically complex PwcHA who are either not candidates for burden-
some prophylaxis regimens (eg, end-of-life care) or who have exper
ienced insufficient effect from prior treatments. This may result in 
a cluster of fatal events occurring in association with the use of the 
new therapy which are not necessarily attributable to its mechanism 
of action.29 As new therapies achieve a hemostatic status closer to 
normal,31 thrombotic risk might be expected to mirror that of the 
general population more closely;31 however, due to hemorrhagic 
risk, these PwcHA are less likely to be managed with standard pro-
phylactic anticoagulation (eg, dual anti-platelet therapy for cardio-
vascular risk) as they would in a non-HA population.

Thrombotic complications have been reported in PwcHA using 
clotting factor concentrates and BPAs.32,33 For example, myocardial 
infarction (MI) and pulmonary embolism (PE) have been observed 
in PwcHA taking either recombinant FVIII, aPCC, or rFVIIa34-37 and 
more recently these complications have been observed in those 
using non-factor substitution treatments.27 Based on three throm-
botic microangiopathies (TMAs) and two thrombotic events (TEs) 
that occurred during the development program, the emicizumab 
label describes a known risk of TE/TMA due to a drug–drug inter-
action associated with an average cumulative dose of aPCC >100 U/
kg/d for ≥24  hours.38,39 As of December 31, 2019, one additional 
TMA event has been reported in a PwcHA who also received emici-
zumab concomitant to aPCC (at a cumulative dose of >100 U/kg/d 
for ≥24 hours).40 None of these events were fatal; however, one in-
dividual later died due to an ongoing rectal hemorrhage (unrelated 
to emicizumab). This individual refused potentially life-saving blood 
transfusions, and the TMA was reported as resolving at the time of 

F I G U R E  1   Framework for HA-associated and non-HA-associated causes of death. Some HA-associated diseases overlap with non-HA-
associated diseases of the general population (indicated by blue boxes). *Infection is a common cause of death in the general population, 
but can be considered both HA associated or non-HA associated due to the prevalence of viral infections (HCV/HIV) in PwcHA. †CVD is a 
common cause of death in the general population, but can be considered both HA associated or non-HA associated due to the increased risk 
of thrombosis that is associated with many HA therapies. ‡Trauma/suicide is considered a distinct step in the algorithm, allowing the user 
to quickly and easily distinguish between cases which could or could not contribute to meaningful epidemiological analyses or yield clinical 
insight. CVD, cardiovascular disease; DVT, deep vein thrombosis; HA, hemophilia A; HCV, hepatitis C virus; HIV, human immunodeficiency 
virus; IS, ischemic stroke; MI, myocardial infarction; PE, pulmonary embolism; PwcHA, persons with congenital hemophilia A [Colour figure 
can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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death.41 In 2017, a patient without FVIII inhibitors enrolled in the 
fitusiran open-label extension trial15,42 receiving concomitant FVIII 
experienced a serious TE (cerebral sinus vein thrombosis) resulting 
in death.27 More recently, two phase III clinical trials and one phase 
II clinical trial for concizumab were paused due to the occurrence of 
non-fatal TEs in three patients enrolled in the phase III program.43

Due to this developing evidence, the evolving safety profiles 
of emerging therapies, and as coagulation levels approach that of 
the general population, an assessment of thrombotic risk in PwcHA 
is required. Thrombosis can be further categorized according to 
secondary factors, including whether the demonstrated clot was ar-
terial or venous, or associated with other risk factors for thrombosis. 
Furthermore, reporting of pertinent negative findings or a descrip-
tion of key diagnostic tests performed (or not) can aid in understand-
ing a given case to avoid speculation.

3.1.3 | HIV/HCV

A high proportion of fatalities arise in PwcHA with advancing comor-
bidities associated with HIV and HCV infections (eg, cirrhosis), and 
complications associated with its treatment (eg, dyslipidemia associ-
ated with HIV therapy). Complications from HCV and HIV infection 
have historically been reported as primary causes of death in the HA 
population, responsible for 22% and 26% of HA deaths, respectively, 
from 1992 to 2001;1 however, risk of HIV infection from contami-
nated products was almost completely eliminated with the removal 
of HIV from plasma-derived coagulation products and the genera-
tion of recombinant products.5 Although antiviral therapies for HCV 
and HIV are now available, there remains a population of PwcHA 
who experienced irreversible harm from active viral infections prior 
to these therapies becoming available. Moreover, while sustained 
antiviral responses to HCV therapy reduce the risk for HCC, it is not 
completely eliminated.44 Additionally, therapies for HCV and HIV 
are not equally accessible around the world.45 The long-term effects 
of HIV infection remain unknown; this therefore needs to be con-
sidered as a secondary factor, as does antiretroviral therapy for HIV, 
which has been associated with a number of AEs, including increased 
risk of sudden cardiac death, hyperlipidemia, diabetes, and CVD.46-48 
It will be important to maintain awareness of such AEs when con-
sidering causes of death for PwcHA and HIV. As such, to further 
determine the specific cause of death and underlying risks relating 
to HIV/HCV infection, secondary factors should be considered, such 
as whether the cause of death was specifically related to cirrhosis/
advanced liver failure/liver cancer or whether the patient had been 
previously treated for HCV.

3.1.4 | Hepatic (non-HCV)

Non-HCV hepatic mortality may also be an HA-associated mortal-
ity risk in the future. AAV-mediated gene therapy for HA, for ex-
ample, relies on the transduction of hepatocytes to produce FVIII;49 

therefore, both short- and long-term safety follow-up on potential 
liver toxicity is warranted.50 Furthermore, persons enrolled in clinical 
trials for AAV liver-directed gene therapy for HA have experienced 
alanine transaminase (ALT) elevations triggering corticosteroid  
administration to prevent loss of efficacy.18,19 In addition, the pos-
sibility of off-target effects of gene therapy has been discussed,51 
as well as the potential for genotoxicity due to the integration of 
viral vector deoxyribonucleic acid,49 and the risk of hepatic malig-
nancies.52 These factors have the potential to develop into a signal 
which could be identified using the proposed mortality framework. 
This category will also capture hepatic cases in which insufficient 
evidence is provided on the contribution of HCV.

3.2 | Categorization of non-HA-associated mortality

Categorization of non-HA-associated mortality is critical for the 
monitoring of emerging signals. General mortality risks can first 
be categorized as “traumatic/suicide” or “non-traumatic/suicide,” 
allowing the user of the algorithm to quickly distinguish between 
cases that may or may not contribute to meaningful epidemiological 
analyses or yield clinical insights pertinent to HA. Based on the lead-
ing causes of death in the United States and worldwide populations 
from the CDC23 and WHO,24 non-traumatic general mortality risks 
can be categorized into six further categories: dementias, infection, 
cardiovascular (non-thrombotic heart disease), diabetes, malignancy, 
and pulmonary disease; or other.

The global incidence of cardiovascular-related deaths in the gen-
eral population is high;23,24 in the United States in 2017, “diseases 
of the heart” accounted for 23.3% of total deaths and “cerebrovas-
cular diseases” (ie, stroke) accounted for a further 5.0% of the total 
deaths.23,53 Studies reporting the proportion of deaths due to CVD 
in PwcHA range from 4%54 to 25.5%,55 although a number of studies 
suggest that this risk may be lower than in the general population.54-58 
However, determining the association between cardiovascular mor-
tality and HA is complicated by the fact that cardiovascular risks 
overlap between HA-associated and non-HA-associated mortality 
causes (Figure 1); and there is conflicting evidence on the level of 
cardiovascular (including thrombotic) risk in PwcHA relative to the 
general population.58,59 A recent real-world study found no evi-
dence of a difference in the risk of MI in PwcHA relative to non-HA 
counterparts,58 although further studies are required to determine 
cardiovascular risk in PwcHA. Another consideration is that PwcHA 
with cardiovascular risks may not receive anticoagulation prophy-
laxis when needed, as would the non-HA population, which could 
contribute to the risk for a cardiovascular event. Due to concern 
over thrombosis in PwcHA, and a heightened concern with proco-
agulant therapeutics versus other non-thrombotic cardiac events 
such as congestive heart failure, congenital heart disease, pericar-
ditis, and arrhythmia, cardiovascular causes must be considered to 
be overlapping HA-associated and non-HA-associated mortality, but 
must still be captured as distinct causes in the algorithm in order 
to distinguish between HA-associated and non-HA-associated 
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cardiovascular death. This further speaks to the importance of de-
tailed reporting around cardiovascular death in order to minimize 
over- or under-estimation of thrombotic risk. Another consideration 
is that improvements in treatments that increase life expectancy 
may be associated with a greater incidence of cardiovascular throm-
boses, as PwcHA begin to develop similar age-related comorbidities 
to the general population.

A number of studies have commented on an increase in malig- 
nancy-related mortality in PwcHA55,56,60 which, again, is likely  
related to increased life expectancy. However, cancer-related mortal-
ity rates in PwcHA are equal to or lower than those observed in the 
general population.54,56,57 One exception is HCC,56 a known compli-
cation of chronic HCV and hepatitis B virus infection; the incidence 
of HCC is higher in PwcHA than the general population and is an 
important cause of mortality in aging persons with hemophilia.61,62 
Careful consideration is needed to determine whether such cases 
should be classified under “malignancy” or “virus-related” deaths.

3.3 | Algorithm for the categorization of causes of 
death in PwcHA

Based on the above rationale, we propose an algorithm to easily, 
comprehensively, and consistently categorize fatalities in PwcHA 
(Figure 2). Primary questions determine the main cause of death and 
once the user identifies if a given case contains events related to HA 
or its treatment, an initial categorization is determined. Secondary 
questions help determine contributing factors to fatalities: for 

example, with medically complex cases in which the fatality is at-
tributable to multiple causes, and cases in which loss of efficacy of 
the hemophilia treatment contributed to the death.

3.4 | Checklist: key items for reporting a 
fatality case

A checklist has been developed to ensure that sufficient detail and 
context is provided in case reports to allow a comprehensive assess-
ment of relationship of mortality to treatment and to ensure clar-
ity on the cause of mortality when cases are complex with multiple 
reported or contributing causes of death (Table  S3 in supporting 
information).

3.5 | Application of the framework using 
FAERS data

Overall, 749 fatalities contemporaneous to FDA-approved coagula-
tion product use were reported to FAERS between January 1, 2000 
and March 31, 2020 (Figure  S1 in supporting information). When 
acquired HA (n  =  230) was excluded, 519 fatalities were reported 
worldwide in PwcHA and those with unknown conditions. Using the 
algorithm for categorization of death (Figure 2), the 519 fatalities were 
categorized into one of the subgroups identified in the framework. In 
cases in which the information provided in the report was insufficient 
to identify the primary cause, the case was classified as “unspecified.”

FI G U R E 2 Algorithm for categorization of death. *Poor treatment response: history of multiple bleeds at the same site. ADA, anti-drug antibodies; 
CDC, Centers for Disease Control and Prevention; DIC, disseminated intravascular coagulation; FVIII, factor VIII; HAART, highly active antiretroviral 
therapy; HCV, hepatitis C virus; HIV, human immunodeficiency virus; TMA, thrombotic microangiopathy; WHO, World Health Organization

Categorized as 
general mortality

Classify using categories associated with hemophilia A

Do you consider that hemorrhage was the primary cause of death? 

Categorized as hemorrhagic 
cause of death Do you consider that the primary cause of 

death was related to a thrombotic event?

Categorized as 
thrombotic cause of death

Do you consider that the primary cause of death was a 
consequence of HIV/HCV?

Yes No

Categorized as HCV-/HIV-
related cause of death

Do you consider that the primary cause of death 
was related to non-HCV liver dysfunction? 

Categorize using the leading causes of death 
recognized by the CDC/WHO in the general population

Categorized as 
hepatic (non-HCV)-related cause of death

Yes

No

Yes No

Yes No

Do the details of the case involve hemorrhage, thrombosis, complications of HCV/HIV, or non-HCV-liver dysfunction?

Classify using categories associated with the general population

Yes No

Do you consider that the primary cause of death was related to a 
trauma or suicide?

Yes

No

Categorized as trauma

Malignancy

Diabetes

Cardiovascular

Other

Infection

Pulmonary disease

Dementias

Did the patient have a history 
and/or evidence of poor 
treatment response(s)* or life-
threatening bleeding event(s)?

If the patient was on 
prophylaxis when the event 
occurred, is there evidence 
of loss of efficacy (i.e. FVIII 
inhibitor development, ADA, 
drug levels)?

What was the HCV/HIV  
infection-related cause 
of death?

Had the patient been 
previously treated for 
HCV?

Was the patient treated with 
gene therapy for hemophilia? 
And if so, which vector was 
used and at what dose?

Did the patient have other 
medical conditions/known 
risk factors or had they 
used other medications 
that increase the risk of 
hemorrhage?

Did the patient receive 
adequate hemostatic factor 
treatment for the fatal event 
and was the bleed refractory 
to these treatments?

If cirrhosis/advanced 
liver failure/liver cancer 
is the cause of death, is 
there suspicion/ 
confirmation that it was 
caused by HCV?

Was the patient being 
treated with HAART for HIV?

Did the patient have other 
medical conditions or had they 
used other medications that 
increase the risk of liver damage?

Is there objective evidence 
(laboratory, image, invasive or 
other studies) of liver 
damage/failure?

Did the patient have other medical 
conditions or had they used other 
medications that increase the risk of 
a thrombotic event?

Is there objective evidence 
(laboratory, image, invasive or other 
studies) of the thrombotic final event?

Is the final thrombotic event 
categorized as arterial, venous, 
microvascular (TMA) or systemic 
(DIC)?

If TMA or DIC: Was there 
any triggering or contributing 
factor (medication, medical 
condition) for that?
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When the data were filtered through the algorithm, the cause of 
death was considered to be HA associated in 195 (37.57%) cases. Of 
the remaining cases, 143 (27.55%) were causes of death commonly 

seen in non-HA populations, and 181 (34.87%) were classified as 
other or unspecified causes (Figure S1).

3.5.1 | Demographics and clinical characteristics

Overall, the median (range) age at time of death was 54 (0–96) years 
and the majority of individuals were male (Table 1). The relatedness 
of the fatal event to the coagulation product was not reported in the 
FAERS database, as it is not possible to report relatedness in that 
system.

3.5.2 | Framework categorization

In total, 26.4% (137/519) of cases reported to FAERS did not indicate 
a cause of death. Of those that did report a cause of death (382/519; 
73.6%), hemorrhage was the most frequently reported across all 
products (115/382; 30.1%; Figure 3). Of the 115 hemorrhage-related 
mortalities, 56 (48.7%) were classified as intracranial, 23 (20.0%) 
as gastrointestinal, and 36 (31.3%) as other or unspecified. All 10 
deaths caused by HIV or HCV occurred in PwcHA receiving FVIII 
products and accounted for just 2% of deaths reported to FAERS 
across this 20-year period. Thrombosis-related deaths occurred in 
PwcHA receiving three out of four types of coagulation treatment, 
the exception being emicizumab. Deaths attributable to malignancy, 
infection, and non-thrombotic CVD were reported with all four 
treatment types.

4  | DISCUSSION

Here, we provide a new model of evidence-based approach for the 
classification of fatal events in PwcHA. As the treatment armamen-
tarium broadens for PwcHA, it is important that physicians, patients, 
and the hemophilia community have a uniform means of describing 
mortality that can provide context for interpreting potential safety 
signals that arise from existing and newer therapies with novel 
mechanisms of action. Recent publications indicate that disease-
related and treatment-associated mortality in HA is an active area of 
interest for the hemophilia community,63-65 and recent publications 
on newer HA therapies have been highly cited.15,18,20,66

The objective of creating this framework was to provide a uni-
form approach for the analysis and documentation of HA fatalities 
that is accessible to the wider community. This provides guidance 
to objectively and efficiently analyze and attribute causes for fatal 
events, particularly in complex cases. This framework is intended to 
be adaptable to a changing landscape and it is hoped that this will 
permit identification and monitoring of emerging safety signals. This 
framework can be applied by health authorities, clinicians, industry, 
and patients to understand and share fatal events with a common 
vernacular to achieve greater consistency in AE reporting and un-
derstanding, and to capture the public health impact of innovation 

TA B L E  1   Demographic and clinical characteristics of the 519 
fatal events contemporaneous to coagulation factor use reported 
to FAERS

Characteristic
Total
N = 519

Age

Median (range), years 54 (0-96)

Age classifications, n (%)

<18 44 (8.5)

18-39 46 (8.9)

40-65 126 (24.3)

>65 93 (17.9)

Not reported 210 (40.5)a 

Sex, n (%)

Male 392 (75.5)

Female 33 (6.4)

Not reported 94 (18.1)

Indication,b  n (%)

HA without FVIII inhibitors 219 (42.2)

HA with FVIII inhibitors 202 (38.9)

Not reported 98 (18.9)

Treatment

FVIII 284 (54.7)

rFVIIa 94 (18.1)

aPCC 125 (24.1)

Emicizumab 16 (3.1)

Past medical history, n (%)

HIV/HCV 30 (5.8)

≥1 cardiovascular risk factorc  228 (43.9)

Cirrhosis 8 (1.5)

Malignancy (historic or present) 39 (7.5)

Note: Reporting to FAERS is voluntary, and reports can be incomplete 
and/or not medically verified, and do not establish causation.
Abbreviations: aPCC, activated prothrombin complex concentrate; 
FAERS, United States Food and Drug Administration Adverse Event 
Reporting System; FVIII, factor VIII; HA, hemophilia A; HCV, hepatitis 
C virus; HIV, human immunodeficiency virus; rFVIIa, recombinant 
activated factor VII.
aTotal sums >100% due to rounding. 
bAssumes that those individuals (with a diagnosis of HA) receiving 
bypassing agents, as indicated in their FAERS case report, were FVIII-
inhibitor positive and that those receiving FVIII were FVIII-inhibitor 
negative. 
cDue to incomplete reporting, not all cases have sufficient information 
to extract cardiovascular risk factors, therefore it cannot be guaranteed 
that such risk factors did not contribute to the event. Factors 
considered to be associated with cardiovascular risk are outlined in 
Table S4 in supporting information. Presence of cardiovascular risk 
factors was also established from assessment of reported concomitant 
medications. 
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in drug development on clinical outcomes in congenital HA. In de-
veloping countries where large-scale reporting databases may not 
be available, the framework could instead be adopted at a center 
level. It may also be adapted to standardize the examination of 
fatal events in persons with other rare disorders. The algorithm and 
checklist presented here aim to identify key features that should be 
included in mortality reporting to encourage consistent reporting of 
fatal events in PwcHA.

Disparities between publications that report deaths in PwcHA 
remain a hindrance to case classification,5 in part due to the com-
plexity of cases with multiple reported or contributing causes of 
death. Furthermore, there are issues surrounding the non-uniform 
reporting of HA-associated deaths to regulatory authorities; and 
lack of classification of fatalities within regulatory databases such 
as FAERS complicates their interpretation. In addition, informa-
tion from databases such as FAERS can have limitations, such as 
incomplete information for adequate categorization, lack of in-
dependent verification, and no certainty that a specific product 
caused the reaction. Furthermore, without a systematic or struc-
tured methodology, the depth of reporting and relevance of de-
tails such as concomitant medications and concurrent conditions 
is often lacking.

However, the categories identified herein, which tailor for 
the HA population, enable fatality categorization within data-
sets, as shown in the application of the framework to FAERS data. 

Detailed and timely case information is crucial to ensure that the 
community is able to accurately evaluate the evidence of mortality 
risk in PwcHA. Emerging therapies may influence mortality in a 
number of ways. Treatments with improved efficacy may result in 
lower rates of hemorrhage with a consequent increase in life ex-
pectancy, causing a shift in causes of mortality in PwcHA toward 
that of the general population (eg, CVD) and an increase in deaths 
due to age-related diseases in PwcHA (eg, dementia, malignancy). 
Furthermore, as treatment efficacy improves and PwcHA live lon-
ger, the incidence of thrombotic events (eg, stroke, MI) is likely 
to increase due to age and comorbidities. These events will need 
to be carefully considered to determine whether or not they are 
associated with HA or its treatment. The use of antiplatelet/an-
ticoagulation therapy for CVD prevention and treatment has the 
potential to improve our understanding of CVD comorbidities in 
PwcHA and could ultimately lead to the development of tailored 
guidelines for best practice in this population. On the other hand, 
emerging treatments may also come with their own unique attri-
butes and associated risk factors because different therapies use 
distinct strategies to approach normalization of hemostasis, and 
hence may have different safety profiles. Emerging safety con-
cerns in the general population may also influence HA-associated 
concerns. For example, non-alcoholic steatohepatitis and/or 
non-alcoholic fatty liver disease may pose an emerging hepatic risk 
to PwcHA given the increasing global rates of obesity.67 A study 

F I G U R E  3   Causality of 519 fatal events reported to FAERS categorized through the HA mortality algorithm. A, Total. B, By coagulation 
product. *Unspecified deaths can be HA related or non-HA related. aPCC, activated prothrombin complex concentrate; FAERS, United 
States Food and Drug Administration Adverse Event Reporting System; FVIII, factor VIII; HA, hemophilia A; HCV, hepatitis C virus; HIV, 
human immunodeficiency virus; rFVIIa, activated recombinant factor VII [Colour figure can be viewed at wileyonlinelibrary.com]
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in children with hemophilia found that obesity was more common 
in children with severe hemophilia versus the general population, 
and persistent elevation of ALT was most likely to occur in associ-
ation with obesity rather than chronic viral hepatitis.68

The framework can be applied to monitor AEs for existing ther-
apies, which may otherwise be under-reported. The Weber effect is 
an established bias in AE reporting, which describes that AE reporting 
peaks 2 years after a drug has been on the market and subsequently 
decreases with longer time on the market.69 As such, it is important 
to consider that the safety record of established agents may also be 
incomplete due to under-reporting.70 A 2006 systematic literature 
review found that under-reporting is problematic for all therapeutics 
and one reason for under-reporting was uncertainty about the drug 
that caused the AE.70 This illustrates the need for a clearly defined 
framework for categorizing cause of death and elucidating the contrib-
uting factors, and how such a framework may improve AE reporting. 
However, to establish the current baseline mortality rate for PwcHA, 
further studies and registries are required.

The application of this algorithm using FAERS data suggests 
a generally consistent pattern of reported mortality across 
treatments, with all FDA-approved hemostatic products having 
reported fatalities in PwcHA due to infection, CVD, and malignan-
cies. However, more than one quarter of fatalities reported did not 
specify a cause of death and were classed as “unspecified,” indi-
cating a need for improved reporting in PwcHA. The application 
of this framework to data such as FAERS highlights the utility of 
such a unified approach across all hemostatic agents. In addition, 
the framework has been applied to categorize causes of death in 
PwcHA contemporaneous to emicizumab use as assessed by re-
porters and documented in the Roche Emicizumab Global Safety 
Database. This demonstrated the absence of trends that point to 
unique risks associated with the administration of emicizumab 
prophylaxis in PwcHA.71

5  | CONCLUSIONS

In summary, novel therapies have the potential to significantly in-
fluence short- and long-term outcomes in PwcHA, both in terms of 
overall survival and recognized causes of death. A conceptual frame-
work for cross-examining causes of mortality for established and 
non-factor replacement therapies alike is needed to understand and 
gain actionable insights into mortality in PwcHA. Here we have dem-
onstrated how the conceptual framework can be used to put into 
context the public reports of fatalities in PwcHA using any kind of 
anti-hemophilia therapy and, importantly, this presents a rare oppor-
tunity to document the impact of innovation in drug development on 
mortality. We propose that this new and robust tool be integrated 
into the evaluation of mortality in PwcHA.
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