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Abstract

Acquired hemophilia A (AHA) is a severe auto-immune bleeding disorder. Treatment

of AHA is burdensome and optimal management is still unresolved. Therefore a ret-

rospective nationwide multi-center cohort study (1992-2018) was performed to eval-

uate clinical presentation and treatment efficacy and safety of AHA in the

Netherlands. Multivariate logistic and Cox regression analysis was used to study

independent associations between patient characteristics and clinical outcomes. A

total of 143 patients (median age 73 years; 52.4% male) were included with a median

follow-up of 16.8 months (IQR 3.6-41.5 months). First-line immunosuppressive treat-

ment was mostly steroid monotherapy (67.6%), steroids/cyclophosphamide (11.9%)

and steroids/rituximab (11.9%), with success rates of 35.2%, 80.0% and 66.7%

respectively, P < .05. Eventually 75% of patients achieved complete remission (CR). A

high anti-FVIII antibody titer, severe bleeding and steroid monotherapy were associ-

ated with lower CR rates. Infections, the most important adverse event, occurred sig-

nificantly more often with steroid combination therapy compared to steroids alone

(38.7% vs 10.6%; P = .001). Overall mortality was 38.2%, mostly due to infections

(19.2%) compared to 7.7% fatal bleeds. Advanced age, underlying malignancy and

ICU admission were predictors for mortality. This study showed that AHA is charac-

terized by significant disease-related and treatment-related morbidity and mortality.

A high anti-FVIII titer, severe bleeding and steroid monotherapy were associated with

a lower CR rate. The efficacy of steroid combination therapies however, was over-

shadowed by higher infection rates and infections represented the most important

cause of death. The challenging and delicate balance between treatment effectivity

and safety requires ongoing monitoring of AHA and further identification of prognos-

tic markers.
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1 | INTRODUCTION

Acquired hemophilia A (AHA) is a clinically challenging bleeding disor-

der, which is caused by the presence of antibodies against factor VIII

(FVIII). These antibodies to FVIII partially or completely neutralize its

coagulant function or cause an accelerated clearance.1 The resulting

lack of FVIII activity causes spontaneous and sometimes life-

threatening bleeding.

AHA affects mainly elderly patients and in about 50% an underly-

ing cause can be identified, predominantly including malignancies or

auto-immune disorders.2-6

The estimated incidence of AHA is approximately 1.5 cases

per million persons/y.4 The rarity of the disease often results in a

significant delay in diagnosis and start of appropriate treatment,

further increasing morbidity and mortality. Treatment of AHA

requires a dual approach, which includes both the control of bleed-

ing with hemostatic agents as well as inhibitor eradication with

immunosuppressive drugs. During the past decades, mortality due

to bleeding dramatically decreased from about 22% in the early

1980s to 3%-4% reported in more recent studies, which is attrib-

uted to earlier diagnosis, the introduction of bypassing agents, and

prompt inhibitor eradication.2,3,5,7 However, this apparent success

is overshadowed by the high rate of treatment-related side effects,

including infections and sepsis, which nowadays seem to be a

major contributor to the morbidity and mortality in AHA patients.

The challenge is to balance the minimization of bleeding risk by

rapid inhibitor eradication with the risk of treatment-related side

effects, especially in an elderly and frail population.

This delicate balance urges the need for identification of prognos-

tic patient characteristics to help tailor the intensity of immunosup-

pressive therapy. In the GTH-AH 01/2010 study of Tiede et al a FVIII

concentration <1 IU/dL, a poor performance status and the presence

of anti-FVIII IgA antibodies were associated with lower complete

remission (CR) rates and overall survival.5,8 However, to our knowl-

edge, no protocols use these potential predictors as criteria to guide

therapy.

Due to the challenge of performing randomized controlled trials

in rare diseases like AHA, observational studies provide the main

source of clinical data.

A retrospective analysis of Dutch patients diagnosed with AHA

from 1992 to 2018, based on the Dutch national hemophilia compli-

cation registry, was performed to evaluate clinical presentation as well

as efficacy and safety of treatment in AHA.

2 | METHODS

2.1 | Study population

In this multicenter retrospective cohort study the Dutch national

hemophilia complication registry (KWARK database) was used to

identify patients diagnosed with AHA between January 1992 and

December 2018.

The KWARK database was founded by the Dutch Society of

Hemophilia Physicians, representing all Dutch hemophilia treat-

ment centers (HTCs). In the Netherlands care of (acquired) hemo-

philia patients is concentrated in these HTCs. Currently, there are

six centers. For each participating center approval of the local

medical ethics committee was obtained before data collection was

started.

2.2 | Definitions and data collection

All patients with a clinical diagnosis of AHA were included in this

study. AHA was defined as an acquired bleeding tendency with a

plasma FVIII activity below 50 IU/dL and detection of anti-FVIII anti-

bodies. Patients with other coagulation inhibitors or patients with

congenital hemophilia A were excluded. There was no age restriction.

Paper and electronic patient files were reviewed to collect

detailed information regarding demographic data, comorbidities, clini-

cal presentation, plasma FVIII and anti-FVIII (aFVIII) titers at presenta-

tion and follow-up, bleeding episodes and hemostatic treatment,

immunosuppressive regimen, response to treatment, adverse events,

relapse and outcome at final follow-up. Data collection was performed

in 2018; patients were followed until death or last follow-up. Both

FVIII activity and aFVIII titers were measured in the local laboratories

and were reported in IU/dL and Bethesda Units (BU) respectively.

Regarding the measurement of aFVIII titer, the dilution closest to a

50% inhibition of FVIII in normal plasma is selected to estimate the

inhibitor titer.9 Since the introduction in 1995 all laboratories use the

Nijmegen modification of the Bethesda assay. In two patients,

included before 1995, the original Bethesda assay was used. All labo-

ratories take part of an external quality assessment program of the

European Concerted Action on Thrombosis (ECAT) Foundation.10,11

A treatment line was defined as any (immunosuppressive) treat-

ment modality. A treatment episode represented the treatment lines

required for achieving complete remission (CR). Treatment course is

defined as all treatment episodes together (in case of relapsing disease).

So, CR was defined as a FVIII activity of ≥70 IU/dL and a negative

inhibitor titer (according to the cut-off of the local laboratories).2 A

relapse was defined as recurrence of AHA after CR. Hereby relapses

during withdrawal of immunosuppressive therapy (IST) and relapses

after cessation of IST were recorded separately.

Severe bleeding was classified according to the ISTH criteria as

(a) fatal bleeding, and/or (b) bleeding in a critical area or organ, such as

intracranial, intraspinal, intraocular, retroperitoneal, intra-articular,

pericardial, or intramuscular with compartment syndrome, and/or

(c) bleeding causing a fall in hemoglobin level of 2.0 g/dL (1.24 mmol/

L) or more or leading to transfusion of two or more units of whole

blood or red cells.12 Other bleeds were classified as non-severe. The

following treatments were classified as hemostatic therapy: bypassing

agents (recombinant activated factor VII (rFVIIa) or activated pro-

thrombin complex concentrate (aPCC)), FVIII concentrates (human

(hFVIII) or recombinant porcine (pFVIII)), prothrombin complex con-

centrate (PCC), fresh frozen plasma (FFP) and 1-desamino-8-D-
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arginine-vasopressin (DDAVP). Administration of antifibrinolytic

drugs, red blood cell (RBC) and/or platelet transfusion, surgery, com-

pression, topical hemostatic therapy, immunoabsorption and plasma-

pheresis were all classified as ancillary therapy.

Resolution of bleeding was based on the clinicianʼs judgment. A

bleeding relapse was defined as any bleeding event at the same site

within a month after resolution of the first episode and/or cessation

of hemostatic therapy.

An adverse event was defined as any untoward medical occur-

rence in a patient using immunosuppressive (IST) and/or hemostatic

therapy. The following adverse events were recorded: (ischemic or

hemorrhagic) stroke, cardiac events, thromboembolic complications

(venous thromboembolism), infections, steroid related adverse events

(including diabetes mellitus) and steroid induced psychiatric events)

and other adverse events, which could not be classified in the previ-

ous categories.

Data collection was performed by two authors (S.S. and W.D.). In

case of uncertainties consensus was reached through mutual

consultation.

2.3 | Statistical analysis

Continuous data were reported as median and interquartile range (IQR).

Differences between continuous variables and comparisons of frequen-

cies were analyzed using the Mann-Whitney U test (or Kruskal-Wallis

test if >2 groups) and Fisherʼs exact test respectively.

The effectivity of hemostatic agents was compared by using mul-

tivariate logistic regression analysis with age, sex, FVIII activity, anti

FVIII titer and type of hemostatic agent included in the model.

Logistic regression analysis was also performed to assess predic-

tors for CR after first-line therapy, relapse, adverse events and overall

mortality. Mortality in the subgroup of patients with stable CR that

stopped IST was followed until 1 year after cessation of IST to avoid

confounding by indication.

The following variables were included in the analysis for CR and

relapse: age, sex, underlying condition, malignancy, comorbidity, FVIII

activity and aFVIII titer at presentation, bleeding severity (severe or

non-severe) and therapy regimen (four categories: steroid mon-

otherapy, steroids/cyclophosphamide (S/C), steroids/rituximab (S/R)

and other regimens). For analysis of mortality admission to the inten-

sive care unit (ICU) at diagnosis was additionally added.

Variables included in the model of adverse events were age, gen-

der, underlying condition, malignancy, presence of comorbid disorder

and therapy regimen. The heterogeneity in treatment course limited

the assessment of its effect on adverse events. Therefore a sub-

analysis was performed for predictors of infections during first-

line IST.

Age, FVIII activity and the inhibitor titer were evaluated as both

continuous and categorical parameter in order to obtain the best pre-

dictive model.

Univariate and multivariate Cox regression analysis were per-

formed to assess which characteristics were associated with the time

to achieve CR and the time to death. The same variables as stated

above were included in these models. Patients who died before

reaching CR were set to indefinite, as they could no longer

achieve CR.5

Patients with unknown remission or survival state at final follow-

up were censored from the analysis. A P value of less than .05 was

considered statistically significant. Analyses were performed using

IBM SPSS statistics (version 25.0).

3 | RESULTS

3.1 | Clinical presentation

In the period from January 1992 to December 2018 a total of

143 AHA patients (75 male, 52.4%) were reported. Median follow-up

time was 16.8 months (IQR 3.6-41.5 months) (Table 1). The median

age was 73 years (IQR 60-79 years), for women this was significantly

TABLE 1 Demographics and clinical presentation

Cases/total (%) or
median (IQR)

Male 75/143 (52.4%)

Age (y) 73 (60-79)

Follow-up time (mo) 16.8 (3.6-41.5)

Clinical presentation

FVIII activity, IU/dL 2.0 (0.0-6.0)

aFVIII titer, BU 20.5 (7.7-58.8)

Hb, g/dL 9.2 (7.7-11.3)

Bleeding symptomsa 49/136 (36.0%)

Mild bleeding 87/136 (64.0%)

Severe bleeding 16/136 (11.8%)

ICU admission at diagnosisb

Time until diagnosis (d)

From first symptoms until

diagnosis

22 (8–77)

From first medical evaluation

until diagnosis

2 (0–10)

Identifiable cause

None 82/130 (63.1%)

Malignancy 24/130 (18.5%)

Solid 15/130 (11.5%)

Hematologic 9/130 (6.9%)

Immune-related 13/130 (10.0%)

Post-partum 6/130 (4.6%)

Infection-related 3/130 (2.3%)

Drug-induced 2/130 (1.5%)

Abbreviations: aFVIII, anti FVIII antibody; BU, Bethesda units; FVIII, factor

VIII; ICU, intensive care unit.
aBased on ISTH criteria.
bIn all cases reason for ICU admission was bleeding related.
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lower due to occurrence of post-partum AHA (68 vs 76 years,

P = .01); Supplemental figure 1.

All patients presented with bleeding, which was severe in 87/136

patients (64.0%) and resulted in an admission to the ICU in 16/136

patients (11.8%). Hemostatic therapy was started in 161/218 of the

recorded bleeding episodes (73.9%). The bypassing agents rFVIIa and

aPCC were most frequently used, showing an overall efficacy of

respectively 80.9% (56/68) and 93.4% (58/61), which was not signifi-

cantly different when correcting for age, FVIII level, aFVIII titer and

bleeding severity (P = .11), see Supplemental figure 2/Supplemental

table 3 for details regarding hemostatic treatment and outcome.

The median patient delay, that is, the time from first symptoms

until diagnosis, was 22 days (IQR 8-77 days). Median diagnostic delay,

defined as time to confirm the diagnosis of AHA after first medical

evaluation, was 2 days (IQR 0-10 days).

At diagnosis of AHA, most patients had comorbidity (125/143,

87.4%). An underlying disease for AHA was identified in 36.9% of all

patients, mostly malignancies, immune-related disorders and

pregnancy-related AHA (Table 1).

3.2 | Immunosuppressive therapy (IST) and
outcome

Note, IST was started in 139/143 (97.2%) patients. Details regarding

outcome of the first-line regimen and at final follow-up were available

in respectively 132/139 (95.0%) and 136/139 (97.8%) patients,

Table 2 or Supplemental figure 4.

Treatment was usually started at the day of diagnosis (median

0 days [IQR 0-3 days]). As first-line therapy, several different treat-

ment regimens were applied. Steroid monotherapy was most fre-

quently used (94/139, 67.6%), followed by combination therapy of

steroids with cyclophosphamide or rituximab (both in 17/139

patients, 11.9%). Treatment details regarding dose and route of

administration were similar among the cohort, with prednisone admin-

istered in a dose of 1 mg/kg/d, cyclophosphamide 1-2 mg/kg/d and

rituximab 375 mg/m2 per week for 4 times, according to the national

guidelines.13

Overall 60/132 patients (45.5%) achieved complete remission

(CR) after first-line therapy, whereas 46.3% of all patients needed ≥2

therapy lines and 8.3% died before achieving CR during first-line.

In nearly all cases (55/61, 90.2%) second-line IST consisted of a

combination of steroids and another immunosuppressive agent, most

frequently cyclophosphamide or rituximab (54.1% and 21.3% respec-

tively). Regardless of the number of therapy lines, 105/132 (79.5%)

achieved CR after the first treatment episode with a median time to

CR of 10.7 weeks (IQR 6.4-22.1 weeks).

A relapse during prednisone withdrawal occurred in 18/117

(15.4%) and another 23/92 patients (25.0%) experienced at least one

relapse after cessation of IST. The median time to relapse after stop

of IST was 14.7 weeks (IQR 2.9-66.6 weeks).

At the moment of data capture 102/136 patients (75.0%) were in

CR, of which 19/102 (18.6%) were still using immunosuppressive drugs.

Details regarding outcome according to underlying condition is

shown in Supplemental table 5.

TABLE 2 Immunosuppressive therapy (IST) and outcome

Cases/total (%) or

median (IQR)

First line IST

Steroids 94/139 (67.6%)

Steroids/cyclophosphamide 17/139 (11.9%)

Steroids/rituximab 17/139 (11.9%)

Other steroid combination therapya 6/139 (4.3%)

IVIG 1/139 (0.7%)

Rituximab 1/139 (0.7%)

Treatment underlying disease 3/139 (2.1%)

Complete remission (CR) after first-line IST 60/132 (45.5%)

Overall CR after first disease period 105/132 (79.5%)

No. of treatment lines to reach first CRb

1 treatment line 71/132 (53.8%)

2 treatment lines 41/132 (31.1%)

3 treatment lines 18/132 (13.6%)

4 treatment lines 1/132 (0.8%)

5 treatment lines 1/132 (0.8%)

Relapse during steroid withdrawal 18/117 (15.4%)

≥1 Relapse after first CR and stop IST 23/92 (25.0%)

CR at data capture 102/136 (75.0%)

On IST 19/136 (14.0%)

Off IST 83/136 (61.0%)

Time to achieve first CR, weeks 10.7 (6.4-22.1)

Time to (any) subsequent CR after relapse,

weeks

3.4 (1.5-10.0)

Total duration of treatment, weeks 24.4 (11.6-44.0)

Adverse events (any) 92/136 (67.6%)

Mortality at data capture 52/136 (38.2%)

Mortality cause

Infectionc 10/52 (19.2%)

Malignancy 7/52 (13.5%)

Cardiac 5/52 (9.6%)

Fatal bleeding 4/52 (7.7%)

Respiratory insufficiency 1/52 (1.9%)

Other 7/52 (13.4%)

Unknown 18/52 (34.6%)

Note: Differences in the nominator are the result of missing data or, in case

of relapse rate, result from the fact that not every patient achieved com-

plete remission and/or IST was not withdrawn/stopped in all cases.
aSteroids/mycophenolate mofetil 3/136 (2.1%), steroids/cyclophospha-

mide/rituximab 2/136 (1.4%), steroids/azathioprine 1/136 (0.7%).
bA treatment line is defined as a certain immunosuppressive regimen (ie,

steroid monotherapy or steroids/cyclophosphamide); any change in this

regimen (ie, change in and/or addition of an immunosuppressive agent) is

considered as a subsequent therapy line.
c8/10 patients on IST, 2/10 patients off IST.
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Six women with post-partum AHA were included in this cohort

study. Immunosuppressive therapy was started in 5/6 patients

(83.3%). Almost all patients (4/5, 80%) were treated with steroid mon-

otherapy, with a success rate of 75% (3/4). One patient was treated

with rituximab monotherapy, which was changed to steroids/cyclo-

phosphamide because of an allergic reaction. Ultimately CR was

achieved in all six post-partum AHA cases: one patient spontaneously,

three after first-line therapy with steroids alone and two after third-

line therapy.

3.3 | Adverse events and mortality

A total of 212 treatment related adverse events (AEs) were recorded

in 92/136 patients (67.7%), Supplemental figure 6. In 95.7% of

patients (88/92) AEs were related to IST, in 3.3% (3/92) to hemostatic

therapy and one patient (1.1%) experienced AEs related to both IST

and hemostatic therapy.

Two patients (2/136, 1.5%) suffered from cardiac events while

using aPCC: angina pectoris in one patient, myocardial infarction in

the other. Another patient (1/136, 0.7%) showed clinical deterioration

of an ischemic stroke after rFVIIa, which was administered because he

also presented with major bleeding. A venous thromboembolism

occurred in 2/136 patients (1.5%), including one patient treated with

rFVIIa (0.7%).

From all IST-related AEs, steroid induced AEs occurred most

often (71/136, 52.2%), especially induction or deterioration of diabe-

tes mellitus (44/136, 32.4%).

A total of 81 infections was seen in 49/136 patients (36.0%);

most patients experienced uncomplicated infections (35/49, 71.4%)

but sepsis was seen in 14/49 (28.6%). Airway/pulmonary (43.6%) and

urogenital (26.9%) infections were most frequently observed. The

presence of neutropenia, occurring in 15/136 (11.0%), was signifi-

cantly associated with the risk of infection (P = .001).

In the multivariate model including age, sex, underlying condition,

malignancy, comorbidity and first-line IST regimen only age appeared

to be independently associated with the risk of adverse events, show-

ing a significant higher risk of AEs in patients ≥50 years with no signif-

icant difference between age categories 50-75 years and ≥75 years

(age 50-75 years: OR 4.00 (95% confidence interval [CI] 1.32-12.14);

age ≥75 years: OR 3.13 (CI 1.09-8.98), Supplemental table 7.

A sub analysis evaluating risk factors for infections during first-

line IST showed that any immunosuppressive regimen other than ste-

roid monotherapy was independently associated with higher infection

rates (steroids/cyclophosphamide [S/C] OR 5.33 [CI 1.53-18.56], ste-

roids/rituximab (S/R) OR 5.92 [CI: 1.67-20.97], other regimens: OR

3.80 [CI 0.82-17.70]; P = .011).

Overall mortality at end of follow-up was 38.2% [52/136]),

including 29 patients (55.8%) with active AHA, 21 patients (40.4%)

in CR and two patients (3.8%) with an unknown outcome at the

time of death. Infections (10/52, 19.2%) and malignancies (7/52,

13.5%) represented the most important causes of death, whereas

4/52 patients (7.7%) died because of fatal bleeding, Table 2. Note,

IST contributed to death in 15.4% (8/52), which was based on

both the use of immunosuppression and a cause of death related

to an infection.

3.4 | Comparison of immunosuppressive regimens

Effectivity and safety of the first-line therapy regimens was evaluated.

Baseline characteristics (sex, age, FVIII activity, aFVIII titer, bleeding

severity, underlying disorders and comorbidity) were similar among

the different regimens (Supplemental table 8). Outcome of steroid

monotherapy was compared to steroids with cyclophosphamide (S/C),

steroids with rituximab (S/R), any other steroid based regimen (S/O)

and treatment of the underlying disorder (Figure 1/Supplemental table

9). The CR rates were significantly lower with steroid monotherapy

(35.2%) compared to every steroid combination therapy (varying from

67.7% to 83.3%), P < .05. In the univariate analysis, time to achieve

CR and therapy duration (among patients with CR) were similar among

the treatment groups.

F IGURE 1 Outcome of first-line
immunosuppressive therapy. CR,
complete remission. Mortality and
infection-related mortality represent
mortality rates during first-line treatment
period. *P value <.05 (Fisher exact test).
NS, not significant. The three most
frequent used first-line
immunosuppressive regimens are
compared. Data of outcome in other
steroid-based regimens and treatment of
the underlying conditions is not shown
[Color figure can be viewed at
wileyonlinelibrary.com]
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Although the overall adverse event rate was similar, steroid combina-

tion therapies (S/C and S/R) and treatment of the underlying disorder

were associated with a significantly higher infection rate than steroid

monotherapy (respectively 37.5%, 40.0% and 66.7% vs 10.6%, P < .05).

Similarly, death due to infection occurred more frequently in S/C

and S/R compared to steroids alone, whereas bleeding related mortal-

ity was higher in the steroid monotherapy group (Supplemental table

9). These differences were however not statistically significant. Also

overall mortality during first-line treatment was also not significantly

different among the treatment groups.

3.5 | Predictors of outcome

Logistic regression analysis was performed to identify predictors for

CR, relapse and mortality (Supplemental table 7). Cox regression anal-

ysis was used to analyze time to achieve CR and survival time.

3.5.1 | Complete remission (CR) after first-line
therapy

Multivariate logistic regression analysis showed that a high aFVIII titer

(aFVIII >20 BU OR 0.33; 95% CI 0.14-0.78; P = .012), severe bleeding

(OR 0.31; 95% CI 0.13-0.75; P = .010) and steroid monotherapy (any

other regimen OR 2.10-8.06 [range]; P = .007) were all independently

associated with failure to achieve CR. In the univariate analysis a FVIII

level <2 IU/dL and female sex were also associated with a lower CR

rate, but this difference disappeared after correction for other factors

in the multivariate analysis.

With regard to the time to achieve CR the same parameters were

independently correlated to a worse outcome (aFVIII >20 BU: HR

0.38; CI 0.21-0.70; P = .003, severe bleeding: HR 0.38; CI 0.21-0.70;

P = .002, and steroid monotherapy: HR (any other regimen) 1.99-2.59

(range); P = .028, Figure 2.

When using inhibitor titer at presentation (≤20 BU) and mild

bleeding as clinical markers to tailor therapy, 61.5% of this cohort

would achieve CR with steroids alone compared to 7.4% in patients

with aFVIII >20 BU and severe bleeding (P = .002).

3.5.2 | Relapse

Using the same model as used for prediction of CR, none of the

included parameters appeared to be an independent predictor for the

risk of relapse (data not shown).

3.5.3 | Mortality

Age (age ≥75 years: OR 4.40; CI 1.77-10.94; P = .001), the presence

of a malignancy (OR 9.74; CI 3.12-30.43; P < .001) and ICU admission

at diagnosis (OR 8.44; CI 1.89-37.75; P = .005) were independent

F IGURE 2 Time to complete remission by (A) inhibitor titer, (B)
bleeding severity and (C) first-line immunosuppressive therapy.
Time to complete remission (CR) in weeks. BU, Bethesda units.
Cox regression analysis; variables included in the model: age, sex,
underlying condition, malignancy, comorbidity, FVIII activity and
aFVIII titer at presentation, bleeding severity (severe or
non-severe) and first-line therapy regimen (four categories:
steroid monotherapy, steroids/cyclophosphamide (S/C), steroids/
rituximab (S/R) and other regimens). An aFVIII titer >20 BU
(P = .003), severe bleeding (P = .002) and steroid
monotherapy (P = .028) were all inversely correlated with the time
to achieve CR [Color figure can be viewed at
wileyonlinelibrary.com]
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predictors for mortality. The reason for ICU admission was severe

bleeding in all cases. Evaluation of survival time showed that the same

parameters were significantly associated with a worse outcome (age

≥75 years: HR 2.71, CI 1.39-5.26, P = .003; malignancy: HR 3.62, CI

1.88-6.97, P < .001; ICU admission: HR 3.61, CI 1.64-7.97, P = .001).

4 | DISCUSSION

In this study we describe the clinical presentation and outcome of a

large cohort of patients with AHA treated in the Netherlands during

the last 27 years. The results of this study emphasize that AHA is a

serious disorder, which affects mostly elderly and frail patients and is

characterized by severe bleeding symptoms and a protracted, burden-

some treatment. Inhibitor eradication by immunosuppressive therapy,

although successful in most of the cases, is associated with a high rate

of adverse events and secondary infections represent the most impor-

tant cause of death.

Compared to previous publications, the present study confirms

that AHA mostly affects elderly patients given a median age over

70 years.2-5 An underlying disorder was identified in almost 37% of all

patients, most frequently malignancies and auto-immune disorders,

which is in line with other large registries.2-5

In this study the majority of patients presented with severe bleed-

ing and more than two-thirds required hemostatic therapy. Similar to

the European Acquired Haemophilia Registry (EACH2), rVIIa and

aPCC were associated with a success rate over 80% and a low risk of

adverse events.14

Compared to the favorable risk–benefit ratio of bypassing agents,

the immunosuppressive treatment in AHA is more troublesome. The

CR rate after first-line therapy in this cohort was around 50%. An

important finding in our study was the striking difference of CR rates

between first-line steroid monotherapy and steroid combination ther-

apy: 35.2% vs 73.3% (CR rate of S/C and S/R combined). This differ-

ence in success rate was also shown in the EACH2.15

Regarding predictors for CR after first-line therapy a high aFVIII

titer, severe bleeding and steroid monotherapy were all independently

associated with lower CR rates and a longer time to achieve CR.

The relationship between aFVIII titer and inhibitor eradication

was described by the EACH2 and GTH-AH 01/2020 study as well.5,15

In line with these studies, the median aFVIII titer (≤or >20 BU in our

cohort) was used as cut-off.

Of note, this study showed that aFVIII titer and bleeding severity

were independently correlated with outcome. Up to now, this is the

first time bleeding severity is identified as prognostic marker for

achieving complete remission, but many studies did not include this

parameter in the multivariate analysis.

As stated above, this study demonstrated the superior effi-

cacy of steroid/cyclophosphamide combination therapy compared

to steroid monotherapy, which is in line with the EACH2 and

CARE registries.15,16 We additionally showed that steroids com-

bined with rituximab results in significantly higher remission rates

as well.

In line with many AHA registries, this study emphasizes the high

rate of adverse events, especially infections.5,15,17 This is however the

first study evaluating risk-factors for treatment-related adverse

events, which provides valuable information to guide therapy. In our

analysis only age appeared to be significantly correlated with the

overall adverse events rate. Since many patients received more than

one type of IST, it was difficult to assess the influence of a certain

immunosuppressive regimen. Therefore a sub analysis was performed

to detect predictors for infections during first-line treatment. This

multivariate analysis showed that steroid combination therapy (both

S/C and S/R) is the main risk factor. Further research is warranted to

clarify both patient- and treatment-related predictors for adverse

events in AHA.

The overall mortality rate of AHA patients in this cohort is high.

Strikingly not bleeding, but infections represent the most important

cause of death, and in about one in seven patients death was associ-

ated with the use of immunosuppressive drugs. The high rate of

infection-related mortality is emphasized by several other reports as

well.3-5,18-20 It should however be addressed that bleeding-related

mortality could be underestimated as a result of selection bias, as

patients presenting with major bleeding may die before being diag-

nosed with AHA.

Predictors for a poor survival in this cohort were increasing age,

the presence of a malignancy and ICU admission at diagnosis. No cor-

relation between FVIII, aFVIII or the immunosuppressive regimen and

survival was found. These results are comparable with most of the

AHA cohort studies.3,15,16,20 In the GTH-AH 01/2020 study some

additional potential negative predictors for survival were described,

which include a FVIII activity <1 IU/dL, a poor WHO-performance sta-

tus and the presence of aFVIII IgA.5,8 In this cohort many patients died

of an AHA unrelated cause or were already in CR, which could explain

the lack of identified” AHA-specific” markers and the identification of

general markers of a poor survival instead.

Several limitations of this study need to be addressed. Most

important is the retrospective design, with consequently the risk of

information bias and confounding by indication. Secondly, a small por-

tion (<25%) of patients was also included in the EACH2. Finally, we

cannot exclude selection bias, since the number of included patients is

lower than expected based on the incidence of AHA. Except for

patients who died because of bleeding before being diagnosed with

AHA, this selection bias could result in an overestimation of disease

severity, as patients with only mild symptoms may be treated at non-

academic hospitals and are not registered in the KWARK database. It

is noteworthy that the number of AHA registrations was especially

low during the first years of the founding of the KWARK database.

Patient identification was more complete during the last decade of

the cohort, as 100/143 (69.9%) of all included patients were identified

between 2010 and 2018, corresponding to an average of more than

10 patients per year.

Besides these limitations, detailed data was collected from a rela-

tively large cohort of patients with a long follow-up duration. The

reported demographic and disease characteristics are consistent with

previous registries, confirming that this study describes a
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representative cohort of AHA patients and therefore provides valu-

able information to increase the knowledge of this severe bleeding

disorder.

The most important challenge nowadays seems to be finding the

optimal balance between treatment efficacy and toxicity. Therefore

an initial attempt was made to detect prognostic markers for both

successful outcome as well as adverse events.

This study demonstrated that both inhibitor titer and bleeding

severity are independent prognostic markers for CR, that the superi-

ority of steroid combination regimens comes with the drawback of

higher infection rates and that increasing age is the main risk factor

for adverse events. A combination of a low aFVIII titer (≤ 20 BU) with

mild bleeding characterizes a population with a good prognosis, which

could benefit from the less toxic steroid monotherapy. In other

patients steroids combined with cyclophosphamide or rituximab

remains the preferred treatment strategy because of the significant

higher CR rates. Crucial in this group is the prevention of infections,

either by antibiotic prophylaxis or anti-neutropenic measures

(if applicable). Unfortunately the application of antibiotic prophylaxis

was not systematically recorded in this cohort.

Abovementioned strategy to use prognostic markers as guidance

to tailor IST is in line with recently published recommendations of the

diagnosis and treatment of AHA.21 Mostly based on the results of the

GTH-AH 01/2010 study, the authors of this article suggest that

patients with FVIII ≥1 IU/dL and an inhibitor titer ≤20 BU should

receive first-line treatment with steroids alone, whereas patients with

FVIII <1 IU/dL and an inhibitor titer >20 BU should receive combina-

tion therapy.5,21

Ongoing registry data collection and/or a meta-analysis of the

current evidence are warranted for further clarification of predictive

markers, ideally resulting in the stratification of patients regarding

both prognosis of AHA and the risk of adverse events, which is essen-

tial to optimally tailor immunosuppressive therapy. Furthermore the

role of prophylactic antibiotics and other measures to prevent infec-

tions is an interesting, but largely unexplored area in AHA.

5 | CONCLUSION

In conclusion, this study describes the experience with AHA in the

Netherlands during the last 25 years. It shows that AHA is a severe

bleeding disorder, which is associated with significant morbidity and

mortality, not only bleeding-, but especially also treatment-related. A

high aFVIII titer, severe bleeding and steroid monotherapy were inde-

pendently associated with a lower remission rates. On the other side

the superior efficacy of steroid combination regimens, that is, steroids/

cyclophosphamide and steroids/rituximab, is partly overshadowed by

increased infection rates. Moreover infections represent the most

important cause of death. Prompt inhibitor eradication by immunosup-

pressive therapy to reduce the bleeding risk, while at the same time

minimalizing the risk of adverse events is a balancing act in the typically

old and frail AHA patient. Ongoing research and further clarification of

prognostic markers is essential to find the optimal balance.
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