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Aim: Compare thrombotic risk in people with congenital hemophilia A (PwcHA) to the general non-
hemophilia A (HA) population. Patients & methods: US claims databases were analyzed to identify PwcHA.
Incidence rates of myocardial infarction, pulmonary embolism, ischemic stroke, deep vein thrombosis and
device-related thrombosis were compared with a matched cohort without HA. Results: Over 3490 PwcHA
were identified and 16,380 individuals matched. PwcHA had a similar incidence of myocardial infarction
and pulmonary embolism compared with the non-HA population, but a slightly higher incidence of
ischemic stroke and deep vein thrombosis. The incidence of device-related thrombosis was significantly
higher in PwcHA. Conclusion: This analysis suggests that PwcHA are not protected against thrombosis,
and provides context to evaluate thrombotic risk of HA treatments.

Tweetable abstract: People with #hemophilia A are not protected against thrombotic events and should
be monitored for thrombotic risk factors; the thrombotic risk of hemophilia A treatments should also be
evaluated.
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Hemophilia A (HA) is an X-linked hereditary disorder mainly affecting males, characterized by deficiency or
dysfunction of coagulation factor VIII (FVIII) (1]. The hypocoagulable state of people with hemophilia A (PwHA)
manifests as excessive, recurrent bleeding due to trauma and spontaneous bleeding into the soft tissues, joints and
muscles (2. It has been speculated that this hypocoagulable state could protect against thrombotic events (TEs),
such as myocardial infarction (MI) (3], although epidemiological studies provide conflicting conclusions on the
risk [4-6).

Traditional treatment for PwHA is FVIII replacement therapy, administered intravenously on demand or pro-
phylactically for treatment and prevention of bleeding events, respectively [7]. Around 30% of people with severe HA
develop inhibitors against FVIIL, rendering FVIII replacement therapy ineffective (8], and are consequently treated
with bypassing agents (BPAs) [9). In recent years, nonfactor therapies (approved and undergoing investigation)
with novel mechanisms of action or delivery have been developed, including small interfering RNA and antibody
therapies [10]. These treatments restore hemostatic balance by replacing or substituting for the missing procoagulant
or by inhibiting the action of the natural anticoagulants [11]. To date, the humanized bispecific monoclonal antibody ~ Futu re v

emicizumab is the only approved nonfactor therapy for the treatment of HA [12). Such novel therapeutics have ~ Medicine ™
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facilitated a paradigm shift toward sustained therapeutic plasma levels, hemostasis or both instead of the peaks and
troughs characteristic of traditional FVIII replacement [13]. It has been shown that the minimal FVIII level in the
trough period can increase breakthrough bleeding risk [14], although there is no consensus on the critical FVIII
threshold for bleed protection [15].

In a person without HA, the hemostatic system is tightly regulated so that coagulation occurs in the instance of
an injury, but is not activated spontaneously in the absence of trauma [11]. When treatment for HA is initiated,
normal coagulation should resume and prevent spontaneous bleeding [11]. Shifting the hemostatic balance too far
in the opposite direction could promote a hypercoagulable state, increasing the thrombotic tendency, a recognized
paradox in therapeutic approaches to inherited hemorrhagic and thrombotic disorders [11,16]. Indeed, elevated
FVIII levels (>150 IU/dI) in the general population are associated with increased risk of TEs such as deep vein
thrombosis (DVT); this pattern has been verified in numerous independent studies and is dose-dependent [17].
Thus, contrary to the bleeding episodes seen as the principal hallmark of HA, both arterial and venous TEs have
also been reported in PwHA [18,19]. Multiple factors are thought to be involved in the occurrence of TEs in PwHA;
namely, long-term use of central venous access devices (CVADs), reduced mobility due to joint disease or as a
precautionary measure, other inherited or acquired prothrombotic risk factors (e.g., major surgery), and finally,
the procoagulant therapies used to treat HA [18]. TEs have occurred after the administration of FVIII replacement
therapies [19], BPAs [18,19], and the combination of a BPA, specifically activated prothrombin complex concentrate,
and emicizumab [20); although these events are rare. However, the relationship between HA treatment and TE:s is
complex, as the baseline thrombotic risk of PwHA is unknown [19] and good-quality evidence is lacking due to a
dearth of large-scale studies, incomplete or unreliable reporting of existing comorbidities or other risk factors, and
the difficulty of excluding treatment-associated risk [21].

Studies investigating TEs in PwHA have typically focused on cardiovascular risk, with inconsistent results [3-
6,22,23]. Multiple studies, including a cohort study of female hemophilia carriers in The Netherlands (23] and a
US-based cross-sectional analysis of PwHA or hemophilia B (6], have indicated that hemophilia provides some
level of protection from cardiovascular TEs and mortality, presumably due to the lifelong hypocoagulability
accompanying this disorder. This hypothesis has been strengthened by findings that alternative risk factors for
cardiovascular mortality are still common in people with hemophilia, suggesting that it is not the absence of risk
accounting for a lower cardiovascular mortality rate, but the protective effect of the hypocoagulable state [22]. In
2014, a review of cardiovascular risk in PwHA agreed with these findings, but nonetheless suggested that more
research is required [3].

Other studies have directly contradicted this hypothesis [4,5]. In a retrospective analysis of claims data from the
MarketScan Commercial and Medicare Research Databases from 2007 to 2009, aiming to quantify cardiovascular
comorbidities in PwHA, PwHA (n = 2506) had a higher prevalence of ischemic stroke, arterial thrombosis and
venous thrombosis compared with a non-HA population matched according to age, geographical location and
health plan type (n = 7518) (4. A prospective population-based study in The Netherlands likewise found no
evidence of a protective effect of HA on atherosclerosis [5]. It should also be considered that PwHA who have
cardiovascular risk factors may not receive the same interventions, such as antiplatelet or anticoagulation therapy,
as the non-HA population, due to the challenge of balancing the equilibrium between thrombosis and hemorrhage
risk [3]. As a result of the opposing and limited evidence, it is unknown whether TE risk differs in PwHA compared
with the general non-HA population.

A preliminary study using a traditional approach to claims-based data analysis was conducted using the US
IBM MarketScan Commercial Database and/or Medicare Supplemental Database to establish the risk of MI in
people with congenital HA (PwcHA) [24. However, to better identify PwcHA, the authors then applied a refined
machine learning approach [24]. While a traditional approach to data analysis relies on a previously designed model
with input from experts, a machine learning system begins with the outcome variables (in this case, identification
of PwcHA), and automatically searches for predictor variables and how they interact with each other. Machine
learning algorithms have the benefit of adapting over time as more data are inputted to increase their accuracy [25).
When the IBM MarketScan database was assessed using a machine learning approach, no increased risk of MI
for PwcHA compared with a matched non-HA cohort was found [24]. While previous studies using administrative
databases have been hampered by the lack of an accurate method for the identification of PwHA [26], this approach
utilized a validated algorithm developed by Lyons ez al., with over 90% specificity [26].

While limitations of this prior analysis did not affect the preliminary conclusions about MI [24], this subsequent
analysis seeks to broaden the scope to other TEs of interest to the hemophilia community. The analysis reported
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here expands on the aforementioned preliminary study, using the machine learning approach to assess the risk
of arterial and venous TEs, including MI, pulmonary embolism (PE), ischemic stroke, DVT and device-related
thrombosis in PwcHA compared with individuals with no evidence of HA.

Materials & methods

Identification of PwcHA

A cohort of PwcHA was identified based on the following criteria: a confirmed diagnosis of congenital HA between
1 January 2000 and 30 June 2019; >1 medical or pharmacy claim for FVIII therapy, activated prothrombin
complex concentrate, or activated FVII therapy; or >1 medical or pharmacy claim for FVIII/von Willebrand
disease therapy and no diagnosis of von Willebrand disease; or >1 medical or pharmacy claim for desmopressin
and >1 medically attended visit with a diagnosis of HA in the same claim line; or >1 medically attended visit with
a HA diagnosis. Identification codes can be found elsewhere [26]. PwcHA were not stratified by HA treatment. The
earliest date for fulfilling any of these inclusion criteria was deemed the individual’s index date. Individuals were
required to have at least 183 days of continuous enrollment around the index date, with the index date occurring
anytime within the 183 days. Ethical approval and informed consent were not required due to the nature of this
study.

Cohort matching

Five cohorts were defined to investigate the risk of five main types of TE (MI, PE, ischemic stroke, DVT and
device-related thrombosis); for each cohort, any person with a previous occurrence of the TE being investigated was
excluded to eliminate bias of pre-disposition to that particular TE. International Classification of Disease (ICD)-9
and ICD-10 codes were used to identify the TEs (Supplementary Table 1), as well as HIV and hepatitis C status
(Supplementary Table 2). The previously validated HA classification algorithm by Lyons et al. 26], set to 98.5%
specificity and 77.8% sensitivity, was applied. Five matched cohorts of individuals with no evidence of HA in the
study period were then randomly selected from the MarketScan database and frequency-matched to the HA cohorts
by age, sex, insurance type, region, enrollment length, diabetes status and hypertensive status at an approximately
1:5 ratio, excluding any person with a previous occurrence of the TE being investigated.

Statistical analysis

A Poisson regression model was fitted to estimate the adjusted incidence rate ratio (IRR); the model was adjusted for
all the covariates used for cohort matching (age, sex, insurance type, region, enrollment length, diabetes status and
hypertensive status) as well as HIV and hepatitis C status at baseline, with age as a time-varying covariate.

Results

Population disposition

Across the five cohorts, 3498 PwcHA were identified with a >90% probability of being true PwcHA and over
16,380 non-HA individuals were matched; the five PwcHA cohorts and matched cohorts each comprised a slightly
different number of individuals, due to the exclusion of individuals with previous evidence of that TE (Figure 1).
Disposition was similar across all cohorts, including age, regional location within the US, insurance coverage and
length of insurance enrollment (Table 1). Across the cohorts, 6.4-6.8% and 6.4-6.7% of the HA and non-HA
populations, respectively, had evidence of diabetes, and 18.6-18.9% and 18.7-19.0% had evidence of hypertension.

Myocardial infarction

For the MI cohort, four PwcHA were excluded as they had history of M1, leaving a final cohort of 3494 PwcHA
and a matched non-HA cohort of 16,378. The crude incidence rate of MI events for PwcHA was 0.23/100
person-years (PY) (95% CI, 0.15-0.32), compared with 0.19/100 PY (95% CI, 0.15-0.23) for the matched
cohort; the incidence rate in both cohorts generally increased with age, as expected (Table 2; Figure 2), in line with
the proportion who experienced an MI event during the study period (Table 3). The adjusted IRR was 1.23 (95%
CI, 0.82-1.86), indicating that there was no difference in the rate of MI in PwcHA versus a matched non-HA
control (Table 4).
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Individuals meeting the criteria for
HA diagnosis
n = 285,968

Individuals with =6 months of
continuous enrollment around the
index date
n=19,708

Excluded
n = 266,260

Individuals with a probability of
>90% according to the algorithm
used to identify HA
n = 3498

Excluded
n=16,210

Males with no
evidence of MI*
n = 3494
(excluded, n = 4)

Males with no
evidence of PE*
n = 3491
(excluded, n =7)

Males with no
evidence of ischemic
stroke*

n = 3494

Males with no
evidence of DVT*
n = 3482
(excluded, n = 16)

(excluded, n = 4)

Males with no diagnosis of HA,
VWD, or evidence of FVII, FEIBA,
von Willebrand complex therapy, or
desmopressin
n=73518,179

Males with no
evidence of
device-related
thrombosis*®
n = 3493
(excluded, n = 5)

l

l

l

l

Matched® males with
no evidence of MI*
n=16,378
(excluded,

n =73,501,801)

Matched males with
no evidence of PE*

n=16,382
(excluded,
n =73,501,797)

Matched males with
no evidence of
ischemic stroke*
n=16,377
(excluded,
n =73,501,802)

Matched® males with
no evidence of DVT*

n=16,334
(excluded,
n =73,501,845)

Matched® males with
no evidence of device-
related thrombosis*
n=16,391
(excluded,

n =73,501,788)

Figure 1. Attrition of study population. (A) PwHA. (B) Matched non-HA population.

*No evidence of the TE being investigated between enrollment start and prior to index date.

fIndividuals were matched on year of birth, year of enrollment, region, health plan and evidence of diabetes and
hypertension at any time point during enroliment. Diabetes and hypertension had to be determined at any time
point during enrollment before proceeding with the matching algorithm, as the index date was assigned after

matching to a case.

FEIBA: Factor eight inhibitor bypassing activity; HA: Hemophilia A; PwHA: People with hemophilia A; TE: Thrombotic

event; VWD: von Willebrand disease.

Pulmonary embolism

A total of seven PwcHA with a history of PE were excluded; the remaining 3491 PwcHA and 16,382 matched
individuals with no evidence of HA formed the two cohorts. A similar incidence rate for PE was seen for both
cohorts (PwcHA, 0.08 [95% CI, 0.04-0.14] vs matched population, 0.09 [95% CI, 0.07-0.12]), which increased
with age (Table 2 & Figure 2). The adjusted IRR was 0.89 (95% CI, 0.45-1.77), again suggesting there is no

difference in the rate of PE in PwcHA compared with the general population.
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@ PwHA
157 = 0-17 years
14| = 18-35 years
13| = 36-45 years
12 46-55 years

= 56-65 years
1| = 66-75 years
= >76 years

_ -
o
|

[¢e]
|

Crude incidence rate/100 PY (95% CI)

Mi PE Ischemic stroke DVT Device-related
TEs by age group

Matched non-HA population

159 o7 years

14 |=18-35 years

13 36-45 years

46-55 years
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Figure 2. Crude incidence rates/100 person-years of thrombotic events by age group. (A) PwHA. (B) Matched
non-HA population.

HA: Hemophilia A; PwHA: People with hemophilia A; PY: Person-years; TE: Thrombotic event.

Ischemic stroke

Four PwcHA were excluded from the cohorts measuring the incidence of ischemic stroke, leaving 3494 PwcHA
and 16,377 in the matched non-HA population. A slightly higher incidence rate of ischemic stroke was seen in
PwcHA (0.29/100 PY [95% CI, 0.20-0.39]) compared with the matched non-HA population (0.20/100 PY
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Table 4. Adjusted incidence rate ratio for each thrombotic event.

TE Adjusted IRR (95% CI)
Mi 1.23 (0.82-1.86)

PE 0.89 (0.45-1.77)
Ischemic stroke 1.48 (1.01-2.16)

DVT 1.53 (1.00-2.32)
Device-related thrombosis 7.93 (5.00-12.59)

For each cohort, any person with a previous occurrence of the TE being investigated (e.g., MI, PE, ischemic stroke, DVT, device-related thrombosis) was
excluded. Rates were adjusted by evidence of HIV or hepatitis C in the 6 months prior to index date.

DVT: Deep vein thrombosis; HA: Hemophilia A; HIV: Human immunodeficiency virus; IRR: Incidence rate ratio; MI: Myocardial infarction; PE: Pulmonary
embolism; TE: Thrombotic event.

[95% CI, 0.16-0.24]; Table 2 & Figure 2), supported by an adjusted IRR of 1.48 (95% CI, 1.01-2.16). The
incidence of ischemic stroke rose with age (Table 2 & Figure 2), with rates of 8.63/100 PY (95% CI, 4.31-14.43)
and 2.99/100 PY (95% CI, 1.88-4.37) in those who were at least 76 years old in PwcHA and the matched non-HA
population, respectively.

Deep vein thrombosis

The cohorts to investigate the risk of DVT comprised 3482 PwcHA (16 excluded) and 16,334 matched individuals
without HA. As for ischemic stroke, the analysis suggested a slightly higher incidence rate for DVT in PwcHA
(0.25/100 PY [95% CI, 0.17-0.35]) compared with the matched non-HA population (0.16/100 PY [95% CI,
0.13-0.20]) (Table 2 & Figure 2), underpinned by an adjusted IRR of 1.53 (95% CI, 1.00-2.32). As for the other
TEs, the incidence of DVT increased with age for both populations (Table 2).

Device-related thrombosis

A total of 3493 PwcHA (five excluded) and 16,391 of the matched non-HA population comprised the cohorts
for comparison of device-related thrombosis. The incidence rate for device-related thrombosis in PwcHA was
substantially higher than for the matched non-HA population (0.46/100 PY [95% CI, 0.35-0.58] vs 0.06/100 PY
[95% CI, 0.04-0.08], respectively), reflected by a significant adjusted IRR of 7.93 (95% CI, 5.00-12.59). In the
general population, the rate of device-related thrombosis increased with age (Table 2 & Figure 2), from 0.01/100 PY
(95% CI, 0.00-0.03) for those 0-17 years of age, to 0.63/100 PY (95% CI, 0.21-1.30) for those >76 years of age.
In contrast, there was no clear age-related trend for PwcHA: the rate of device-related thrombosis in PwcHA was
0.66/100 PY (95% CI, 0.46-0.90) compared with 0.63/100 PY (95% CI, 0.02-2.32) for those who were 017
and >76 years of age, respectively (Table 2 & Figure 2). Adjusted IRR rates by age can be seen in Supplementary
Table 3.

Discussion

This claims-based data analysis evaluated the risk of five key types of TE in PwcHA: MI, PE, stroke, DVT and device-
related thrombosis, using the IBM Marketscan Commercial Database and/or Medicare Supplemental Database. A
machine learning approach was used, with a previously validated HA classification algorithm [26], enabling greater
accuracy in identifying PwHA compared with previous studies. Additional strengths of this analysis were the
cohort matching, in which the non-HA population were matched for age, sex, insurance type, region, enrollment
length, and diabetes and hypertensive status; and the exclusion of individuals who had previously experienced each
type of TE, to remove any bias of pre-disposition.

As expected, the incidence of all TEs increased with age (a prothrombotic risk factor) [27), except for device-
related thrombosis in PwcHA. A significantly higher proportion of PwcHA experienced a device-related thrombosis
compared with the matched non-HA population (IRR: 7.93 [95% CI, 5.00-12.59]). This was expected, as PwcHA
often require a CVAD to administer prophylaxis or immune tolerance therapy [28]. It is known that these devices
carry a risk of thrombosis, due to the combination of the thrombogenic potential of the CVAD with regular
administration of clotting factor concentrates, which predisposes the site around the tip of the catheter to thrombus
formation [29]. Indeed, CVADs are relatively contraindicated in individuals with a history of thrombosis due to
device-related large vessel occlusion [28]. This risk is believed to be higher with external catheters, particularly
peripherally inserted central catheters [30], rather than implanted ports [29]. CVADs are especially likely to be fitted
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in children with HA, in whom repeated venipuncture is frequently challenging due to the potentially traumatic
nature of the procedure [29]. This could explain the substantially higher rate of device-related thrombosis in 0—
17-year-old PwcHA (IRR: 46.56 [95% CI, 14.31-151.48]) compared with the matched non-HA population of
0—17-year-olds, and provides a reason for the lack of correlation between the risk of device-related thrombosis
and age in PwcHA. There was little to no difference between PwcHA and the general population in the rate of
device-related thrombosis by the age of 56 or older; this may reflect that the causes of device-related thrombosis
in elderly PwcHA are due to other devices that are also more frequently used in the general population, such as
pacemakers or other cardiac interventions [31]. Unfortunately, the exact cause is unknown, as the device associated
with the TE could not be identified using the existing ICD codes.

The incidences of ischemic stroke and DVT were slightly higher in the HA population compared with the
general non-HA population. This was unexpected; it may be a phenomenon related to HA caused by the regular
FVIII replacement therapies that many PwcHA receive, as FVIII levels are a recognized risk factor for both ischemic
stroke and DVT [32,33]. As the FVIII levels of PwcHA receiving replacement FVIII are typically still subnormal [13],
it could be theorized that this is related to the ‘peak’ that occurs shortly after administration, or in the case of
surgery, the high doses of FVIII administered prophylactically to reduce hemorrhage risk (34. Hence, the question
of whether the administration of FVIII concentrates contributes to the risk of TEs, even if FVIII levels are not in the
supraphysiological range, should be further investigated. Alternatively, it may be that the individuals in whom these
events occur have other risk factors for ischemic stroke and DVT, and yet do not receive appropriate prophylaxis
or interventions due to their underlying HA (e.g., a person with severe HA in hospital for a surgery where
prophylactic anticoagulants might otherwise be given); this highlights the value of a multidisciplinary approach to
risk management in PwcHA. Furthermore, PwcHA may be more susceptible to some types of TE, such as DVT,
due to a risk-averse attitude to physical activity and a more sedentary lifestyle [35]. It is also possible that severe
FVIII defects such as large Xq28 lesions may have impacted the number of cerebral angiopathies occurring in the
HA population due to BRCC3 defect-related moyamoya syndrome [36,37]. This possibility cannot be explored in
this study as the presence of genetic biomarkers is not included in administrative claims data. Nevertheless, given
the rarity of this condition [38], the authors believe it is unlikely to have had a significant influence on the findings
reported here. The remainder of the TEs, MI and PE, had similar incidence rates in the HA population and the
matched non-HA population. These TEs may be caused in PwcHA by the same risk factors as in the general
non-HA population, for example: hyperlipidemia, smoking, diabetes, hypertension, and obesity for arterial TEs;
trauma or fractures, surgery, hormonal therapy, pregnancy, hypercoagulability and age for venous TEs [27).

Opverall, these data do not demonstrate evidence of the theorized protective effect of a hypocoagulable state
among PwcHA at a population level (3; however, as the overwhelming majority of PwcHA included in this
analysis may be presumed to be receiving some form of treatment for their HA, the thrombotic risk found here
includes treatment-associated risk and is not reflective of the baseline thrombotic risk in PwcHA. Treatments for
HA are designed to restore hemostatic function, and in doing so, may align thrombotic risk for PwcHA with
that of the general population when used prophylactically or on demand, removing or reducing any presumed
protective effect of a hypocoagulable state [16]. Additionally, it is thought that the peaks achieved through traditional
FVIII replacement therapy may influence thrombotic risk, particularly in situations that would typically require
anticoagulant therapy such as surgeries or atrial fibrillation (39). The questions of whether pharmacokinetic-based
dosing of FVIII may help maintain the hemostatic equilibrium (34], or whether nonfactor therapies that achieve
partially restored hemostatic potential through sustained therapeutic plasma levels may have a different impact (40},
remain unanswered. The prothrombotic effect of HA therapies may be of greater concern for individuals with severe
HA receiving intensive procoagulant treatment of factor replacement therapy and/or BPAs. Hence, it is important
that PwcHA are informed of the typical risk factors for TEs. This analysis provides a foundation for the risk of
TEs in PwcHA, enabling comparison with the thrombotic risk of new treatments within clinical trial programs
and subsequently as they become available on the market. As such, any significantly increased risk associated with
a particular treatment can be signaled.

Limitations of these results include those usually associated with secondary, claims-based data: the findings are
only directly applicable to the insured population; the identification of PwcHA is dependent on the specificity of
the algorithm used; the identification of TEs is dependent on the accuracy of professional ICD coding (for example,
codes to identify ischemic stroke were used, but some incidences of hemorrhagic stroke may be included if the
codes are not completely accurate); and the outcomes of clinical cases are unknown [41]. Although the codes for
the different TEs in this analysis are mutually exclusive, coding practices are difficult to assess, and a single event
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could be coded across multiple types by the billing coder. Moreover, secondary data use studies do not control for,
nor analyze the contribution of; lifestyle-related confounders, such as smoking, drinking, exercise and BMI. In the
machine learning approach taken here, the identification of PwcHA was based on a probabilistic algorithm set with
relatively low sensitivity (77.8%) but high specificity (98.5%); while this approach improves the accuracy of the
analysis, the results could still be subject to inadvertent selection bias due to an overly cautious approach to false
positives. However, a small number of people without HA or with acquired HA may still be included. Due to the
rarity of TEs, the number of TEs that occurred in this large population was still fairly low; therefore, it is possible
that some high-risk individuals may have influenced the analysis.

Other limitations include restrictions of the MarketScan database; for example, the population entirely comprises
people with private healthcare insurance, and the ethnicities of individuals were not available (a notable factor,
as the prevalence of TEs varies significantly among different ethnic populations [42,43], which may impact the
findings as it was not accounted for in the population matching). Additionally, the population identified in this
study is skewed toward the younger age groups (although individuals had to have 6 months of continuous data
before HA diagnosis), presumably due to the majority being drawn from the commercial database for those covered
by employer-sponsored private health insurance, with only a small number being from the Medicare database
for retirees. A younger population with private healthcare insurance may not be representative of the general US
population, restricting the universal applicability of the TE incidence rates reported here. It should also be noted
that PwcHA were not stratified by disease severity, so it is unknown if individuals with severe HA may be at greater
risk of TEs compared with individuals with mild HA, or vice versa.

Finally, any treatments PwcHA were receiving were not considered, although it can be presumed that the
overwhelming majority would be receiving treatment of some type for their HA; thus, it was not possible to
establish the baseline thrombotic risk of PwcHA or compare this to the treatment-associated risk. However, as
uncontrolled HA is a life-threatening condition, it would be extremely difficult, and unethical, to identify and
study PwcHA who were receiving no interventions for their disease. Other variables that may affect TE incidence,
such as corticosteroid usage, cancers, surgeries, traumas and statin usage, were not controlled for, as the results of
this study were intended to describe the rate of TEs in the HA population rather than to establish causation. The
thrombotic risk may also differ between PwcHA treated on demand versus prophylactically or by the intensity of
dosing regimens, which this study did not account for. In future studies, it may be beneficial to measure adherence
and persistence to procoagulant treatment, to examine any possible association with the rate of TEs in PwcHA.

Conclusion

In conclusion, this analysis of US claims data from 2000-2019 suggests that having HA does not protect against
four key types of TEs: MI, ischemic stroke, DVT and PE. These data suggest PwcHA do not have a significantly
different risk of MI or PE, but did exhibit a slightly increased risk of ischemic stroke and DVT, compared with the
non-HA population, which may warrant further investigation. Furthermore, the analysis found an increased risk of
device-related thrombosis; this finding was expected, as devices such as CVADs are often used for the administration
of treatment in PwcHA, particularly in young children, and PwcHA are therefore much more likely to be using
such a device compared with the general population. To the authors’ knowledge, this analysis represents the largest
real-world data study investigating TEs in the HA population. While every effort was taken to mitigate the effects
of confounders and bias, the results should be interpreted cautiously given the limitations of a secondary data use
study, and in the context of this study’s set objective to describe TE risk in the HA population. It is hoped that
future studies will further explore the causes behind these risk rates, to address factors that are speculated upon
here.

It is important that PwcHA are aware of the thrombotic risk associated with devices such as CVADs and intensive
procoagulant regimens, as well as general prothrombotic risk factors, and should be supported in reducing those
that are modifiable. Moreover, a multidisciplinary approach should be taken in situations where PwcHA may be at
risk of thrombosis, such as when procoagulant therapies would ordinarily be administered, to ensure their condition
is adequately managed. Finally, these data provide crucial context for examining the thrombotic risk of current and
future treatments for HA, so that any excessive risk of TEs associated with a particular treatment can be recognized.
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Summary points

e It has long been speculated that people with congenital hemophilia A (PwcHA) may have some degree of
protection from thrombotic events, due to the hypocoagulable state caused by hemophilia A (HA).

e However, the evidence is conflicting; it is unclear if this protection exists and how it may translate into a
real-world setting in which PwcHA receive treatment for their condition.

e This research compares the risk of five types of thrombotic events (TEs): myocardial infarction, pulmonary
embolism, ischemic stroke, deep vein thrombosis and device-related thrombosis, between PwcHA and a matched
non-HA population.

e Data from the US MarketScan Commercial and Medicare Research Databases spanning 19 years (2000-2019) and
including over 3490 PwcHA and 16,380 matched non-HA individuals were analyzed to comprise the largest
real-world data study investigating thrombotic events in PwcHA to date.

e As expected, the incidence of all TEs increased with age (a prothrombotic risk factor), except for device-related
thrombosis in PwcHA.

e A significantly higher proportion of PwcHA experienced a device-related thrombosis compared with the matched
non-HA population, likely because PwcHA often require a central venous access device to administer prophylaxis
or immune tolerance therapy.

e The incidences of ischemic stroke and deep vein thrombosis were slightly higher in the HA population compared
with the matched non-HA population.

e Myocardial infarction and pulmonary embolism had similar incidence rates in the HA population and the
matched non-HA population.

e Evidence herein indicates that the theoretical protection from TEs due to a hypocoagulable state is
unsubstantiated, or, that the protection afforded is negated by the use of hemostatic treatments.

e PwcHA should be monitored for thrombotic risk factors, and the thrombotic risk of HA treatments evaluated.

Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at:
www.futuremedicine.com/doi/suppl/10.2217 /cer-2021-0120
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