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hemophilia A: CyDRi is a highly effective
low-toxicity regimen

Barbara Simon,'"* Andrea Ceglédi,z'* Janos Dolgos,2 Péter Farkas,” Manila Gaddh,® Laszl6 Hanké,! Robert Horvath, Ambrus Kaposi,4
Laszléné Magyar,2 Taméas Masszi," Attila Szederjesi,1 Nikolett Wohner," and Imre Bods'-3

'Department of Internal Medicine and Hematology, Semmelweis University, Budapest, Hungary; ?Department of Hematology and Stem Cell Transplantation,
South-Pest Central Hospital, National Institute of Hematology and Infectious Disease, St. Laszl6 Campus, Budapest, Hungary; *Department of Hematology and
Medical Oncology, Emory University, Atlanta, GA; and 4ELTE, Faculty of Informatics, Budapest, Hungary

Acquired hemophilia A (AHA) is a rare severe autoimmune bleeding disorder with signifi-

. cant morbidity and mortality. Although critical for disease control, there is no consensus for

® Upfront triple
combined
immunosuppressive
regimen (CyDRi)
produces very high
remission rates and
survival in elderly AHA
patients.

the best immunosuppressive regimen. Most authors use steroids first line, followed by
other agents for steroid failures. Upfront combined regimens offer the advantage of
reduced steroid exposure and toxicity as well as increased efficacy. We retrospectively
analyzed data from 32 patients with AHA treated on an identical such institutional protocol:
cyclophosphamide 1000 mg on days 1 and 22, dexamethasone 40 mg on days 1, 8, 15, and
22, and rituximab 100 mg on days 1, 8, 15, and 22 (the regimen was termed CyDRi). All
patients received at least 1 cycle of CyDRi. If necessary, CyDRi was repeated until remis-
sion, no sooner than day 43 of the previous cycle. Bleeding control was rapidly achieved.
The median time for bleeding control was 15.5 days (range, 0-429 days; interquartile range,
) 2.5-29.5 days). Thirty-one (96.8%) of 32 patients achieved durable complete remission (CR);
29 (90.6%) of 32 patients were alive at last follow-up, all of them in CR. The median time to
reach first CR was 77 days (range, 19-939 days; interquartile range, 31-115 days). Toxicity and side effects were
acceptable and milder than those of commonly used, prolonged steroid therapies. In conclusion, the CyDRi regimen
produced markedly higher CR rates and overall survival than currently used sequential regimens. Taken together,

® High efficacy of CyDRi
is combined with low
toxicity and good
tolerability.

CyDRi proved to be an attractive option for the immunosuppression of elderly patients with AHA.

Introduction

Initially called pseudohemophilia, acquired hemophilia A (AHA)
has been recognized since the 1940s." It is a rare severe
bleeding disorder caused by autoantibodies against factor VIII
(FVIII) resulting in increased clearance and neutralization of
FVIII. The incidence is estimated to be 1.48 cases per million.?
Bleeding manifestations are also variable, from mild to severe
to life-threatening, and mortality may be as high as 22%.7 In
44% to 63% of patients, AHA is not associated with any medical
illnesses (idiopathic AHA).Z*¢7 |n the remaining patients, AHA
is associated with malignancy (6%-18%), autoimmune disorders
(9%-17%), pregnancy (2%-15%), certain drugs (3%-5%), or other
conditions.

The 2 pillars of treatment include acute bleeding control and
immunosuppressive therapy (IST). Guidelines, based on retro-
spective data and expert opinion, recommend immunosuppres-
sive treatment as soon as the diagnosis is made®’ while also
cautioning about the significant toxicity and mortality of IST in frail

patients.'”"" Thus, safer IST regimens are desperately needed.
However, although critical for long-term disease-free survival,
these guidelines are vague on what IST is to be used. Current
protocols use a sequential approach of prednisolone, 1 mg/kg per
day # cyclophosphamide, by mouth 1.5 to 2 mg/kg per day for up
to 6 weeks followed by second-line agents (including cyclo-
sporine, rituximab, and others) in case of failure. The availability of
subcutaneous emicizumab (off-label in AHA) has made bleeding
control easier and could theoretically allow delaying potentially
toxic immunosuppression,12 and a clinical trial #NCT04188639)
is underway to test this novel approach; however, the cost of
emicizumab is high, and long-term safety of delaying causative
treatment is unknown. Hence, current European practice is largely
in line with the recommendations for the possibly early start of
immunosuppression as reflected by the European Acquired
Haemophilia Registry (EACH2) interational registry,”> by the
Spanish Acquired Hemophilia A Spanish Registry (AHASR) registry
data," and a German prospective observational study.'®
Although similar data are not available from the United States,
medical practice is safely assumed to be largely similar.
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Upfront combined (“hit it hard at the beginning”) regimens offer
the advantage of reduced steroid exposure and toxicity as well as
increased efficacy. Therefore, in September 2009, we devised an
institutional treatment protocol at St. Laszl6 Campus of South-
Pest Central Hospital, coined CyDRi, which uses pulse doses of
cyclophosphamide, dexamethasone, and low-dose rituximab.
Subsequently, all patients were treated on this protocol. Although
steroids, cyclophosphamide, and rituximab are all established
components of immunosuppressive regimens in AHA, CyDRi is a
novel treatment concept in several ways, including: (1) the use of
dexamethasone as the steroid component of the regimen; (2) the
upfront combination of the 3 drugs; (3) the pulse dosing of all 3
drugs; and (4) the use of an unchanged regimen for resistant or
relapsed disease. These factors make CyDRi different from all
previously reported immunosuppression regimens. In September
2017, the same protocol was also introduced at Semmelweis
University. The current retrospective analysis is a critical review of
the first 32 consecutive patients treated with CyDRi at the 2
participating institutions.

Patients and methods

AHA was defined as low FVIII (<50 1U/dL) level and the presence
of an FVIIl inhibitor (>0.1 Bethesda titer unit [BU]) in a patient with
any bleeding symptoms. We searched the databases of the 2
institutions after having obtained investigational review board
approval for the retrospective study. We identified 32 consecutive
AHA patients treated with CyDRi between the start of each insti-
tutional protocol at South-Pest Central Hospital (between
October 2009 and September 2021) and at Semmelweis Univer-
sity (between March 2018 and September 2021). Twenty-three
patients were treated on the protocol at South-Pest Central
Hospital and 9 at Semmelweis University. The first enrolled patient
was diagnosed in October 2009 and the last patient in July 2020.
Follow-up continued through September 2021. Of note, these
patients were notincluded in the European registry (EACH2); thus,
none of them has previously been reported.

During the study period, all patients admitted with AHA to the
participating institutions were treated on the protocol and were
included in the study. Because relapses were treated with the
same regimen, whenever it was appropriate in the analysis, we
considered new cases and relapses as separate instances. With
3 relapses altogether, 35 instances were considered in some
analyses. Medical history was recorded for all patients. History
of autoimmune or malignant conditions was considered
potentially etiologically relevant (termed: underlying disorders);
all other disorders were grouped as comorbidities.

Treatment

The CyDRi regimen is a combined IST consisting of: 1000 mg
cyclophosphamide IV on days 1 and 22; 40 mg dexamethasone,
IV or by mouth, on days 1, 8, 15, and 22; and 100 mg rituximab,
IV on days 1, 8, 15, and 22. When necessary, CyDRi was
repeated no sooner than day 43 of the previous cycle. The
decision to start a second or subsequent cycle of CyDRi was
made based on either of the following criteria: (1) no satisfactory
rise in FVIII seen by day 42 of the previous cycle (coined “slow
response”); or (2) a rise in the Bethesda titer after reaching
remission (coined “laboratory relapse”) detected at any time.
“Slow response” is a somewhat subjective decision by the
treating physician (it usually meant a plateauing FVIII level at <50
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IU/dL for 1-3 weeks); if FVIII continued to rise, a watch-and-wait
strategy was usually used unless there were bleeding symp-
toms. Detectable anti-FVIII antibodies were not formally required
for a subsequent CyDRi cycle (but was >0 in 7 of 8 patients at the
time of the decision to treat). Because the Bethesda assay is
known to be insensitive, an FVIII level <50 IU/dL was taken as
proof of the presence of antibodies whether detectable by the
Bethesda assay or not.

All patients were initially treated as inpatients. Administration of
bypassing agents was decided by the treating physician at the
time of admission based on the presence or absence of serious
active bleeding. All patients received at least 1 cycle of CyDRi.
Acyclovir (400 mg once daily) viral prophylaxis was used in all
patients throughout the treatment and for 6 months after the
last day of the last cycle.

Laboratory tests

All laboratory tests were conducted by the individual laboratories
of the 2 institutions. These laboratories, however, used identical
methodologies for all assays. Factor assays were performed by
using one-stage automated factor activity testing on Instrumen-
tation Laboratory (Bedford, MA) platforms using the company’s
reagents and following manufacturer instructions. Similarly, the
Bethesda anti-FVIII titer determinations were performed via iden-
tical methods in the 2 laboratories using the Nijmegen modifica-
tion."® The laboratory diagnosis of AHA was established by a >0.1
BU and a low FVIII level (<50 IU/dL) combined with normal FIX,
FXI, and FXIl, as well as normal von Willebrand factor antigen and
ristocetin cofactor activity (VWF:Ag and VWF:RCo) levels.

Outcomes assessments

Study outcomes assessed included the following: (1) complete
remission (CR), which was defined by the presence of all of
several criteria (cessation of bleeding, undetectable FVIII
inhibitor in the Bethesda assay, restoration of FVIII activity to
>50 IU/dL, and cessation of IST); (2) overall survival; (3) relapse
rate; (4) remission duration; and (5) cessation of bleeding
(bleeding control). Bleeding control was defined as the time
point off bypassing agents after which no new clinical bleeding
appeared and the patient’s hemoglobin level did not fall. If the
patient was still on bypassing agents, the discontinuation of the
bypassing agent was used as the first day of bleeding control.
Two additional study outcomes, relapse and death rates, were
assessed. Relapse was defined as the re-emergence of an FVIII
inhibitor after being in CR. Patients were censored at the time of
last follow-up.

Data collection and statistical analysis

Clinical and laboratory data were retrospectively collected in a
standardized fashion using a case report form developed for
this particular purpose.

Statistical analysis and Kaplan-Meier curves were performed by
using R software. For log-rank test, a P value < 0.05 was
considered statistically significant.

Results
Cohort characteristics

The study cohort’s characteristics are summarized in Table 1.
Patient age varied between 53 and 87 years. Median FVIII
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Table 1. Demographic and clinical characteristics of the
2-institution cohort

Characteristic Value

All patients, n 32
Male 14 (43.7)
Female 18 (56.3)

Age, range 53-87
Mean = SD 74.1 £ 9.1
Median (IQR) 77 (65.8-80.3)
>80y 9 (28.1)
>85 y 4 (12.5)

Comorbidity and underlying
conditions
Comorbidity index, mean + SD 1.6 1.4
ECOG performance status 21+09

score, mean = SD

4 3

g 6

2 13

1 10

Underlying illnesses*

None (idiopathic) 19 (59.4)
Autoimmune 8 (25)
Bullous pemphigoid 2
Graves hyperthyroidism 2
Hashimoto hypothyroidism 2
Rheumatoid arthritis 2
Systemic lupus 1

erythematosus

Neoplastic 7 (21.9)

Common comorbid

conditions*

Hypertension 18 (56.3)

Cardiovascular disease 10 (31.3)

Type 2 diabetes mellitus 6(18.8)

Chronic obstructive 6(18.8)
pulmonary disease

AHA initial severity
Initial FVIII, mean = SD, IU/dL 3+44

Median (IQR) 1(0-4.3)

Initial inhibitor, mean + SD, BU 177.9 = 552.2

Median (IQR) 17 (5.7-112.5)

>20 BU 14 (43.8)

>100 BU 10 (31.3)

>1000 BU 1(3.1)

No. of CyDRi cycles needed for
CR
All patients, mean + SD 1.66 £ 1.52
All patients, median (IQR) 1(1-2)

1 cycle only 22

COMBINED IMMUNOSUPPRESSION FOR ACQUIRED HEMOPHILIA

Table 1 (continued)

Characteristic
2 cycles 5
3 cycles 4
9 cycles 1

Data are expressed as n (%) unless otherwise indicated.

*Numbers are not additive because overlaps occurred (eg, patient 3B#4 had RA and
pemphigoid). Details are provided in supplemental Table 1.

activity at diagnosis was 1 1U/dL (range, 0-17 IU/dL; interquartile
range [IQR], 0-4.3 1U/dL), and the median initial inhibitor titer
was 17 BU (range, 1.3-3165 BU; IQR, 5.7-112.5 BU). Fourteen
(43.8%) of the 32 patients had initial Bethesda titers >20 BU. In
13 patients (40.6%), an underlying disease was identified; the
remaining 19 cases were considered idiopathic. Important
clinical and laboratory data of each patient are listed in Table 1
and supplemental Table 1 (available on the Blood Web site).
Median follow-up was 779.5 days (range, 27-3319 days; IQR,
455.5-1868.2 days). The median time between the first symp-
tom and diagnosis was 14 days (range, 0-270 days; IQR, 7.5-30
days).

Treatment efficacy

(1) Survival (Figure 1): Twenty-nine (90.6%) of 32 patients were
alive, all of them in durable CR, at last follow-up (median,
779.5 days; range, 27-3319 days; IQR, 455.5-1868.2 days).
Three patients died during the observation period. One
elderly, very frail patient with a femoral neck fracture died
of hypostatic pneumonia 27 days after diagnosis, where we
could not exclude a contribution from the IST. Another
patient, who had been in CR for >1 year, died of a septic
episode, which was linked to his underlying condition
(systemic lupus erythematosus, lupus nephritis, renal failure
requiring dialysis, and poorly controlled diabetes mellitus).
The third patient died of independent comorbidity
(hypertensive cardiomyopathy and severe heart failure)
>1.5 years after achieving durable CR. He was closely
monitored with several hospitalizations in his last months,
and remained in remission, and had no bleeding compli-
cations in spite of anticoagulation therapy (for atrial fibril-
lation and dilated cardiomyopathy). Overall survival
showed no correlation with: (1) initial inhibitor titer (P = .1);
(2) initial FVIII activity (P = .3); (3) Eastern Cooperative
Oncology Group (ECOG) status (P = .7); or (4) comorbidity
index (P = .055).

(2) Bleeding control (Figure 2): Twelve (37.5%) of 32 patients
presented with active bleeding symptoms requiring
bypassing agents (simultaneously with the CyDRi regimen)
from the time of admission until bleeding control. The
remaining 20 patients had a recent history of bleeding but
were not actively bleeding at the time of admission and
were given CyDRi without concurrent bypassing agents; 3
of them had a subsequent episode of bleeding requiring
one of the bypassing agents. Although 17 patients did not
bleed after admission, given the strict definition of
bleeding control (no bleeding off bypassing agents and
stable hemoglobin), the time to bleeding control was
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Figure 1. Overall survival of the cohort treated with CyDRi. Kaplan-Meier curve
was plotted for the entire cohort (N = 32). Median follow-up was 779.5 (range, 27-
3319; IQR, 455.5-1868.2) days. For each patient, day 1 was the day of first admission,
which was typically also day 1 of the first cycle of CyDRI.

0 days only in 7 patients. The other 10 patients were either
on a bypassing agent as a precaution after a recent bleed
before admission, or stable hemoglobin was not immedi-
ately established for an actual fall or lack of data. The
median time needed to achieve bleeding control in the
whole cohort was 15.5 days (range, 0-429 days; IQR, 2.5-
29.5 days). By the end of the second month, the majority
(29 of 32) of the patients were free of bleeding. No sig-
nificant correlation was found between the time to achieve
bleeding control and the initial inhibitor titer (P = 1), FVIII
activity (P = .6), ECOG performance status (P = .2), or
comorbidity index (P = .3). Days on bypassing agents: In
case of bleeding, patients were given a bypassing agent at
the discretion of the treating physician. Fifteen patients
(46.9%) received some bypassing agent at least once dur-
ing the observation period. The median number of days
spent on any bypassing agent was 18 (range, 3-159 days;
IQR, 15-27.3 days). Eight patients received recombinant
FVlla, 5 patients received anti-inhibitor coagulant complex
APCC, and 2 patients who initially received recombinant
FVlla were later switched to APCC. The reason to switch
was ease of administration as outpatient.

(3) CR{(Figure 3A): CR was achieved in 31 (96.9%) of 32 patients
at last follow-up. CR was not achieved in 1 elderly patient,
who died of hypostatic pneumonia before achieving CR. Her
inhibitor titer was falling at the time of her death. The median
time to reach CR (TTCR) was 77 days (range, 19-939 days;
IQR, 31-115 days). One of the patients had exceptionally high
Bethesda titer (3165 BU) at the beginning. She needed 939
days to achieve CR. Statistically significant correlation was
found between TTCR and initial inhibitor concentration (P =
.009) (Figure 3B). There was no correlation between TTCR
and initial FVIII activity (P = .09), ECOG status (P = .4), or
comorbidity index (P = .6).

(4) First CR duration (Figure 4A): The median duration of first
CR in this cohort was 630 days (range, 17-3178 days; IQR,
280.5-1577.0 days) during the observation period.
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Figure 2. Bleeding control in the cohort treated with CyDRi. Kaplan-Meier curve
was plotted for the entire cohort (N = 32). Median time to bleeding control was 15.5
(range, 0-429; IQR, 2.5-29.5) days. Median follow-up for the cohort was 779.5 (range,
27-3319; IQR, 455.5-1868.2) days.

Correlation was observed between CR duration and
comorbidity index (P = .002) (Figure 4B). This was mainly
due to the higher tendency to relapse of patients with
higher comorbidity index. However, no significant correla-
tion was found between CR duration and initial inhibitor
titer (P = .9), initial FVIIl activity (P = .7), or ECOG status
(P=4).

(5) Relapses and subsequent CR duration: Only 2 of the 31
patients in CR experienced a relapse (relapse rate, 6.5%).
These 2 patients (#LA7 and #LA13) had a total of 3 relapse
episodes. The 5 episodes of AHA of these 2 patients are
outlined in Table 2. The CyDRi regimen proved equally
efficacious in treating relapses as it was in first line. Time to
reach a second CR was 22, 91, and 28 days, respectively.
The duration of the subsequent CRs for the 3 relapses
ranged from 161 to 1385 days (median, 1372 days).

(6) Number of CyDRi cycles needed: Ten (31.3%) of 32 patients
required >1 cycle of CyDRi to achieve a durable CR, either
due to slow response (8 patients) or to a laboratory relapse
(2 patients). Four patients required 3 cycles, and 1 patient,
whose Bethesda titer at the beginning was exceptionally high
(3165 BU), received 9 cycles of CyDRi. The remaining
5 patients received 2 cycles. CyDRi seemed equally effective
in treating relapses. Two of 31 patients in CR had a relapse
after a first CR, whereas 29 patients (93.5%) reached perma-
nent CR at first CR. Of the 2 relapsing patients, #LA13 had
one laboratory relapse (after which TTCR was 28 days), and
#LA7 had two. After the first relapse, TTCR was 22 days and
after the second episode it was 91 days. No bleeding was
observed during laboratory relapses, and only one cycle of
CyDRi was needed to reach CR again in all 3 relapse epi-
sodes. Patient 3B#3 presented with extremely high (>3000
BU) Bethesda titers after a hip replacement surgery (Table 1;
supplemental Table 1). CyDRi was started, and her titers
decreased gradually with each of the subsequent eight CyDRi
cycles over a period of 14 months, but significant residual (1-4
BU) inhibitors with undetectable FVIIl remained. At that point,
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Figure 3. First CR. (A) Kaplan-Meier curves were plotted for the entire cohort (N =
32). TTCR was median 77 (range, 19-939; IQR, 31-115) days. There were 31 remission
events in the cohort (96.9%). (B) Kaplan-Meier curves for CR were plotted for 2
subgroups: patients with high titer (>20 BU, 14 patients) and low titer (<20 BU, 18
patients) anti-FVIII antibodies (P = .009). Median follow-up for the cohort was 779.5
(range, 27-3319; IQR, 455.5-1868.2) days.

the COVID-19 epidemic kept the patient from following up in
the clinic, and she did not receive any treatment for 16
months. Once she returned to the clinic, she was found to
have a <1 BU inhibitor titer with measurable (23 IU/dL) FVIII
level for the first time. At that point, the patient received a
ninth CyDRi cycle and went into CR within 4 weeks (FVIII 64
IU/dL). She had no significant toxicity from CyDRi.

Treatment toxicity

Side effects were acceptable and seemed fewer compared with
commonly used prolonged steroid therapies: one patient
acquired pneumonia 3 weeks after discharge from the hospital,
and another elderly, frail patient with hip fracture died of a

COMBINED IMMUNOSUPPRESSION FOR ACQUIRED HEMOPHILIA

Figure 4. First CR duration. For this analysis, Kaplan-Meier curves were plotted
from time 0, the time when patients achieved a first CR. Relapses were not
considered as separate events in this analysis (n = 31 CR events). (A) CR duration of
the entire cohort (n = 31). (B) In the comparison of 2 subgroups (patients with high
[>2] and low [£2] comorbidity index), there were 8 and 23 remission events,
respectively (P = .002). Median observation time after first CR was a median of 630
(range, 17-3178; IQR, 280.5-1577.0) days. For the 3 relapses, subsequent CR dura-
tions ranged from 161 to 1385 days (median, 1372 days).

hypostatic pneumonia. One patient developed Clostridium
difficile colitis during hospitalization, and one patient had
Klebsiella cystitis. All infections responded to antibiotic treat-
ment. The only severe infectious complication was the devel-
opment of a retroperitoneal abscess at the site of a former
hematoma several weeks after the cessation of bleeding and
having achieved CR. This complication required surgery, which
proved successful. Of note, cyclophosphamide was only asso-
ciated with short, mild cytopenia, and was not complicated by
febrile neutropenia in any of the patients. One elderly patient
was given granulocyte colony-stimulating factor to shorten
neutropenia. Neither steroid-induced diabetes nor psychiatric
complications were observed.
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Table 2. Three relapses of 2 patients (LA#7 and LA#13)

FVIII at CR
Patient diagnosis BU at CyDRi (no. Days on duration
No. (IU/dL) diagnosis of cycles) TTBC (d) bypass TTCR (d) (d)
LA#7 1 5 8.5 45 45 92 357
LA#7 2 11 NA 0 0 22 1385
LA#7 3 10 0.9 0 0 99 1372
LA#13 1 1 140 8 3 67 160
LA#13 2 19 0 0 0 28 161

TTBC, time to bleeding control.

Discussion

We report a 2-institution experience with treating AHA patients
with the CyDRi IST regimen, which we found surprisingly effective
and well tolerated compared with published cohorts of sequential
regimens. Comparison of cohorts published in different settings
is inherently difficult. Comparing our cohort vs the published
international EACH2,”'*"” the German GTH-AH 01/2010,""®
the UK? survey about AHA, and vs data from 2 more recently
published registries (the Spanish AHASR'* and the Chinese CARE
[China Acquired Hemophilia Registry]'”) registries is further
impeded by the fact that data collection in these studies was vastly
different. The UK study is a survey sent to all UK Haemophilia
Centres, the EACH2 is an international registry with voluntary data
entry, the Spanish and Chinese studies obtain data from nationally
organized registries, and the German study is a prospective
observational study using a uniform treatment regimen. Our cur-
rent study is a retrospective analysis of 32 consecutive patients at
2 institutions using the CyDRi IST regimen. We nevertheless
attempted to extract data from these reports comparable to our
own (summarized in Table 3). To decrease the chances of bias, we
first compared cohort characteristics to make sure any advanta-
geous differences were not due to selection of a lower risk patient
population. Median patient age, gender distribution, and
comorbidities in our cohort are similar to the ones reported in the
5 cohorts. The older patient population reported from the United
Kingdom probably reflects differences in the age trees of the
general populations in Hungary and the United Kingdom. The
proportion of patients with high (>20 BU) or very high (>100 BU)
inhibitors is actually higher in our cohort, supporting the notion
that low-risk patient selection is not responsible for the superior
outcome. Follow-up is longer in our cohort, which allowed the
capture of any possible late complications or relapses.

Treatment efficacy is reflected by the CR rate, which seems to
be markedly higher in our cohort compared with published
data: 31 (96.9%) of the 32 current study patients achieved
durable CR and, at last follow-up, 29 (90.6%) of the 32 patients
were alive, all in CR, compared with 45% to 75% in the pub-
lished cohorts (Table 3). CyDRi takes a novel approach to IST in
several ways, which could theoretically individually or in com-
bination result in the observed difference in outcomes: (1) it
uses dexamethasone as the steroid component of the regimen;
(2) it combines 3 drugs upfront; and (3) it uses pulse dosing of all
3 drugs. In addition, the CyDRi IST uses an unchanged regimen
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for resistant or relapsed disease. The median TTCR was 77 days
in our cohort, which seems to be similar or shorter than that
reported by other investigators, and is mainly influenced by the
initial inhibitor titer in that a higher concentration of antibodies
takes longer to clear (Figure 3B). The relapse rate (6.3%) after
CyDRi is similar or lower than that observed in other studies
(7%-24%) (Table 3). CR duration is influenced by mortality and
relapses. Unexpectedly, we found a correlation between CR
duration and the comorbidity index. Patients with higher
comorbidity had a higher tendency for relapse. Although this
difference is statistically significant, the confidence in the cor-
relation between relapse and comorbidity is low, as only 2
patients relapsed in our cohort.

A key issue in AHA management is bleeding control, which is a
combined result of immunosuppression and hemostatic ther-
apy. Comparing our experience vs reported data is hampered
by the fact that detailed timing of bleeding events is only
provided in the GTH-AH study, and differences in the reported
parameters make a direct comparison impossible. In any case,
bleeding is rapidly controlled after starting CyDRi in most
patients. Median time of bleeding control was 15.5 days, and
although there were a few slow responders, most of the bleeds
(28 of 32) were durably controlled within 2 months (Figure 2).
Moreover, bleeding-related mortality was 0% in our cohort,
whereas all compared studies report fatal bleeding events
(Table 3). Finally, in line with all previous investigators, we found
that the main risk factor for bleeding is an FVIII level <50 1U/dL,
but below that level, the risk of bleeding is significant regardless
of the actual FVIII, age, ECOG status, or comorbidity index.

Treatment-related toxicity is another key issue in AHA man-
agement, as all groups report a higher morbidity and mortality
related to the IST than to bleeding itself. Thus, the advanta-
geous toxicity profile of CyDRi is a major determinant of the
superior outcome observed (Table 3), and it may eventually
result in a shift in guidelines, which currently caution about the
toxicity of immunosuppression,'®"" to recommending causative
treatment to more patients.

Overall survival is a hard end point and reflects both treatment
efficacy and toxicity. Although survival in AHA is heavily influ-
enced by patient age and comorbidity, median age and the
proportion of patients aged >85 years are comparable to other
published AHA populations (Table 3) or reflect population
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Table 3. Comparison of key characteristics of the current cohort vs those of 5 recently published cohorts in the literature (data were extracted from the

articles shown)

Cohort characteristics

Current study

United Kingdom *

Spanish AHASR

Chinese CARE

No. of patients 32 501 102 172 151 187

Age, median, y 77 73.9 74 78 74 52

Age >80y, % 28.1 19.1 (non-peripartum) NA NA 28.6 5.5 (non-peripartum)

Age >85y, % 125 7.9 (non-peripartum) NA 22.5 (non-peripartum) NA 1.8 (non-peripartum)

Percent female 56.3 50.7 51.8 43 57.4 43.7 54.5

Initial FVIII, median, 1.0 2 1.4 5 2 1.7 1.7
IU/dL

Initial inhibitor, 17 12.8 19 8 18 13 13
median, BU

High inhibitor 14/32 (43.8%) NA 40/102 (39.2%) NA NA NA
(>20 BU)

Very high inhibitor 10/32 (31.3%) 62/501 (12.4%) 14/102 (13.7%) 16/172 (9.3%) 15/145 (10.3%) 18/187 (9.6%)
(>100 BU)

Extreme inhibitor 1/32 (3.1%) 0/501 (0%) 1/102 (1.0%) 0/172 (0%) 4/145 (2.8%) 1/187 (0.5%)
(>1000 BU)

Idiopathic (%) 59.4 61 68 67 63.3 441 54.4

Autoimmune (%) 25 16 17 20 16.7 31.7 12.5

Malignancy (%) 21.9 11 10 13 14.7 10.3 6

Pregnancy (%) 0 12 2 5 2 6.2 12.5

Median 779.5 262 262 NA (survey for patients in 2 y) 360 205
follow-up, d

AE, adverse event; CNI, calcineurin inhibitors; Cy, cyclophosphamide; F/U, follow-up; NA, not available; P, prednisone; R, rituximab.

*CR considered as no bleed, no inhibitor, FVIII >50 IU/dL, and immunosuppression stopped.
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Table 3 (continued)

Cohort characteristics Current study German United Kingdom * Spanish AHASR Chinese CARE
Treatment CyDRi P P + by mouth [P + by mouth Cy = | Sequential [ Simultaneous | P | P + by mouth P+ |R=| P |P+Cy|[R+]| Other
Cy R P/Cy P+ Cy Cy CNI
Alive in CR* at last 29/32 (90.6%) 90/142 43/83 (62.3%) 49/102 (48%) 78/172 (45.3%) 100/151 (66.2%) 115/155 (74.2%)
F/uU (63.4%)
TTCR, 77 108 74 79 49 39 30 53 45 42 |69 62 47 74
median, d
Alive, no CR,* last 0/32 (0%) 5/142 (3.5%) 1/83 (1.2%) 19/102 (18.6%) 8/172 (4.7%) 15/151 (9.9%) 29/155 (18.7%)
F/uU
Lost to F/U, not 0 7/142 (4.9%) | 14/83 (16.9%) 0 16/172 (9.3%) 0 22 (11.7%)

accounted for

Relapse rate 2/31 (6.5%) 15/83 (18.1%) | 8/66 (12.1%) 15/62 (24.2%)

(% from CR¥)

18/90 (20%)

8/112 (7.1%)

13/155 (8.4%)

3/32 (9.4%) 40/142

(28.2%)

All-cause mortality 25/83 (30.1%) 34/102 (33.3%)

last F/U

55/127 18/48
(43.3%) (37.5%)

36/151 (23.8%)

11/165 (6.7%)

Bleeding-related 0/32 (0%) 1/142 (0.7%) 0/83 (0%) 3/102 (2.9%)

mortality

13/175 (7.4%)

5/151 (3.3%)

6/165 (0.6%)

Treatment-related 1/32 (3.1%) 5/142 (3.5%) 4/83 (4.8%) 16/102 (15.7%)

mortality

12/175 (6.9%)

15/151 (9.9%)

2/165 (1.2%)

Mortality related to 4/83 (4.8%) 3/102 (2.9%)

underlying disease

1/32 (3.1%) 6/142 (4.2%)

NA

16/151 (10.6%)

2/165 (1.2%)

Toxicity (AE) 5/32 (15.6%) 36/142 (25%) | 34/83 (41%) 67/102 (66%) 57/112 (51%) NA 11/155 (7.1%)

Infection 5/32 (15.6%) 23/142 (16%) | 22/83 (27%) 37/102 (36%) 37/112 (33%) NA 4/155 (2.6%)

Symptomatic 0 2/142 (1%) 12/83 (14%) 17102 (1%) 13/112 (12%) NA 1/155 (0.6%)
neutropenia

Diabetes mellitus 0 11/142 (8%) 5/83 (6%) 12/102 (12%) 9/112 (8%) NA NA

Psychiatric 6/142 (4%) 3/83 (4%) 3/102 (3%) 2/112 (2%) NA NA

Thromboembolic/ 10/501 (2%) 8/102 (7.8%) 0 NA 3/155 (1.9%)
cardiovascular

Those with no AE 27/32 (84.4%) 106/142 49/83 (59%) 35/102 (34%) 55/112 (49%) NA 144/155 (92.9%)

(75%)

AE, adverse event; CNI, calcineurin inhibitors; Cy, cyclophosphamide; F/U, follow-up; NA, not available; P, prednisone; R, rituximab.

*CR considered as no bleed, no inhibitor, FVIIl >50 IU/dL, and immunosuppression stopped.
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differences as discussed earlier. Comorbidity is also difficult to
compare but seems comparable to other studies. The propor-
tion of patients with an active malignancy is not reported in the
literature, and therefore comparison is impossible. Patients with
an active malignancy were not present in our cohort (ie, all
patients were in CR without antineoplastic treatment). In any
case, the main reason for the different outcomes seems to be
differences in the treatment regimens.

Obviously, the current study has several limitations. First, it was a
retrospective study. However, the shortcomings of retrospective
data analysis are offset by the fact that patients were treated on a
uniform institutional protocol, which was prospectively laid out in
September 2009. In addition, we captured all consecutive
patients admitted with the diagnosis of AHA during the study
period. Second, the number of patients in our study (N = 32) is
lower than that of nationwide or international studies. This is
necessarily due to the rarity of AHA. However, we feel that the
uniformity of the treatment efficacy in our cohort makes it a valid
comparison. Also, our study seems representative in Hungary. If
one considers that Hungary is a country of 10 million, and the likely
incidence of AHA in Europe is 1.48 per million,” then during the
study period (12 years), 177 to 178 new cases of AHA were
expected, of which our cohort captured 32 patients (18%). In
comparison, in the EACH2 registry,” the largest collection of
patients with AHA, the median recruitment rate for each country
was 12.1%. Our cohort s also fraught with the possibility of referral
bias. However, both institutions are considered leading academic
institutions in their areas of referral, and such bias would likely
select for more severe cases. Indeed, some patients were trans-
ferred from other academic institutions for treatment. Finally,
outcome definitions vary from study to study, making compari-
sons difficult. For example, investigators have been wrestling how
to best quantitate location-specific bleeding complications in
AHA and how to measure the efficacy of hemostatic treatment.?
Here, we used a different approach believed to have clinical
relevance: the time to bleeding control. Although this parameter
captures an important clinical feature, it does have a subjective
element (ie, the decision when to stop hemostatic treatment).
Although we believe that the practice of using hemostatic therapy
is consistently restrictive within our study, we must acknowledge
that practices may be significantly different between countries
with varying resources and reimbursement settings.

The relatively small number of patients in the current study does
not allow for an independent evaluation of risk factors associ-
ated with poor outcome. Age and comorbidity (other than
pregnancy) has consistently been associated with poor
outcome in other populations. In accordance with the emerging
picture from the literature, our only patient who died before
achieving a complete response was the second oldest patient in
our group (84 years of age), and the 2 other patients who died
during the follow-up period had severe comorbidities. In
addition to well-known autoimmune disorders, we noted 2
cases in our cohort with association to bullous pemphigoid,
emerging as a novel disease association.?’

In summary, we report that the upfront combined regimen,
coined CyDRi, was found to be rapidly effective in an elderly

COMBINED IMMUNOSUPPRESSION FOR ACQUIRED HEMOPHILIA

AHA patient population with remarkably low toxicity and good
overall survival. Whether all components of the regimen are
necessary for the superior outcome could only be answered in a
well-designed prospective clinical trial. At this time, however,
CyDRi should be considered an attractive option for the
immunosuppression of elderly patients with AHA.

Note added in proof

Although their data were not available for detailed analysis, an
additional 5 patients with AHA were treated by authors M.G.
and I.B. with the same treatment protocol at Emory University
between 2015 and 2017. All 5 entered CR without major
toxicity.
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