
Paul Knoebl 16/03/16 

International Conference on Inhibitors in 
Hemophilia A • Milan, Italy, 4-5 March 
2016 1 

Medical University of Vienna P.Knoebl, 2016 

Eradication of autoantibodies 
in acquired hemophilia A 

Paul Knoebl 
Department of Medicine1, Division of Hematology and Hemostasis 

Medical University of Vienna, Austria 

paul.knoebl@meduniwien.ac.at 

Medical University of Vienna P.Knoebl, 2016 

Background	
•  Acquired	hemophilia	A	(AHA)	is	a	rare	autoimmune	disorder	with	an	

incidence	of	about	1.5	per	million	per	year	

•  Autoan@bodies	formed	against	coagula@on	factor	VIII	(FVIII)	may	cause	
severe	bleeding	

•  In	most	cases,	older	pa@ents	are	affected	(except	5-8%	post	partum	
inhibitors)	

•  Time	to	remission	varies	with	current	immunosuppressive	regimens	
between	a	few	days	and	several	months,	during	which	pa@ents	are	at	
high	risk	of	bleeding	and	adverse	effects.	
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CT scan: 

Large 
hematoma 

in the ileopsoas 
muscle 
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Intractable bleeding after 
(unnecessary) surgery in 
a patient with 
unrecognized AHA 
despite treatment with: 
 
•  39 RBC concentrates 
•  54 U plasma 
•  3 U platelet concentrates 
•  5000 U PCC 
•  1250 U FXIII concentrate 
•  desmopressin, aprotinin, etc. 

Medical University of Vienna P.Knoebl, 2016 

Background	
•  Immediate	recogni@on	of	AHA	in	a	bleeding	pa@ent	is	mandatory,	lab	

analysis	is	easy.	

•  Adequate	hemosta@c	therapy	(recombinant	human	FVIIa,	APCC,	
recombinant	porcine	FVIII,	high-dose	human	FVIII	concentrates)	is	highly	
effec@ve	to	stop	bleeding	

•  To	avoid	invasive	procedures	saves	costs	and	reduces	the	complica@ons	
of	massive	bleeding	

•  The	causal	therapy	is	to	eradicate	the	autoan2bodies	to	obtain	stable	
complete	remissions	
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Methods for autoantibody eradication: 

•  Immunosuppression 

–  to terminate the autoimmune process 

•  Immunoadsorption  

–  to reduce the concentration of circulating autoantibodies 

•  Immunotolerance 
–  to saturate the binding sites of circulating autoantibodies 
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Immunosuppression: 

•  Steroids 

•  Cytotoxics  

–  Cyclophosphamide 

–  Azathioprine 

•  Immunomodulation  

–  Cyclosporine 

–  Mycophenolat-mofetil 

–  Tacrolimus 

•  Others  

–  Bortezomib 
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•  An international, multicenter, prospective registry on acquired hemophilia 

•  Enrollment period: January 2003 – December 2008 

•  501 patients with AHA from 117 treatment centers in 13 European countries  
(Austria, Finland, France, Germany, Greece, Hungary, Italy, Netherlands, 
Portugal, Spain, Sweden, Switzerland, UK)  

•  Web-based, secured case-record forms; informed consent obtained 

•  Hosted by Parexel, Germany 

•  Supported by an unrestricted grant from Novo Nordisk Region Europe A/S, 
Zurich, Switzerland 
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regimens, combinations of cytotoxic agents, rituximab and cyclo-
sporine, 13 of 18 (72%) achieved a stable CR and 5 of 18 (28%) did
not. These data cannot be further analyzed because of the low
patient numbers.

Relapse and stable CR. Relapse was reported in 15 (18%)
patients who achieved a CR with steroids alone. This means that a
stable CR after first-line treatment with steroids alone was reported
in 68 of 142 (48%) patients. There were 8 (12%) relapses in the
steroid and cyclophosphamide group, resulting in a stable CR in
58 of 83 (70%) patients. One patient relapsed after a rituximab-
based regimen (3%), resulting in a stable CR in 30 of 51 (59%)
patients (Table 3). The rituximab-based regimens, however, were
very variable and cannot be interpreted as a single group; they are
analyzed in more detail in “Rituximab-based first-line treatment.”

Time to relapse in the steroid-alone group was a median
134 days (IQR, 36-317 days) after the immunosuppression had
been stopped. For the steroid and cyclophosphamide group, relapse
was after 139 days (IQR, 14-135 days) and the single relapse after a
rituximab based regimen occurred 44 days after CR. The median
follow-up of the patients who achieved CR was 149 days (IQR,
30-603 days) after immunosuppression had been stopped.

Comparison of stable CR between treatment arms. Initial
descriptive analyses suggested that first-line treatment with steroid
and cyclophosphamide resulted in a higher proportion of patients
achieving a stable CR than treatment with steroids alone. There
was, however, a wide variety of regimens, steroid formulations,
routes of administration, and initial patient characteristics reported.
These differences are likely to have influenced the observed
outcomes and hence limit the value of a direct comparison between
the 2 groups. Therefore, a more rigorous analysis was performed
comparing patients treated with prednisone alone with those treated
with prednisone and oral cyclophosphamide. The analysis was
performed using patients matched by propensity score for age, sex,
weight, presenting factor VIII level, and inhibitor titer and etiology.
After optimal matching, there were 70 patients in each group, and
the characteristics of the groups are shown in Table 4. The patients
treated with rituximab-based regimens could not be compared by
propensity score matching because there were insufficient patients
and the variety of concomitant immunosuppressive agents used
was too large.

Propensity score-matched analysis showed that patients treated
with prednisone and oral cyclophosphamide were more likely to
achieve a stable CR than those treated with prednisone alone
(OR ! 3.25; 95% CI, 1.51-6.96, P " .003). Furthermore, in the
matched groups, time to a negative inhibitor and normal factor VIII
and time to CR (adjusted for presenting inhibitor titer) was shorter
for the steroid and cyclophosphamide group compared with

steroids alone (HR ! 2.11; 95% CI, 1.38-3.21, P " .001 and
HR ! 2.36; 95% CI, 1.49-3.74, P " .001, respectively; Figure 2).
These results were achieved despite the oral prednisone group
being treated with a higher dose of steroids per body weight than
the steroid and cyclophosphamide group, with a mean of 1.33 mg/kg
(SD, 2.12 mg/kg) versus 1.18 mg/kg (SD, 0.38 mg/kg, P ! .006).

Rituximab-based first-line treatment

Initial response to rituximab-based regimens. There were 51 ana-
lyzable patients who received rituximab as part of their regimen;
however, a wide variety of other immunosuppressants were used
(Table 1), which makes it difficult to assess the effect of rituximab.
Combining all of the rituximab-based regimens, 61% achieved
remission, similar to steroids alone (58%) and less than the group
treated with steroids and cyclophosphamide (80%). The 12 patients
treated with rituximab alone had the lowest CR rate of any
immunosuppressive regimen (42%). If patients who received
rituximab and another agent were analyzed separately, then 67%
achieved CR (Table 3).

Relapse was uncommon after a rituximab-based regimen (3%),
and this meant that the proportion of patients achieving a stable CR
was 59%, halfway between steroids alone (48%) and steroids plus
cyclophosphamide (70%). The time to remission with rituximab

Table 3. Response to first-line immunosuppression

Regimen n CR, n (%)

Days from start of immunosuppression, median (IQR)

Relapse, n (%) Stable CR, n (%)Inhibitor negative FVIII > 70 IU/dL IS stopped

Steroids alone 142 83 (58) 34 (17-76) 32 (15-51) 108 (55-208) 15 (18) 68 (48)

Steroids # cyclophosphamide 83 66 (80) 32 (12-77) 40 (18-81) 74 (52-151) 8 (12) 58 (70)

Steroids # rituximab 28 18 (64) 46 (28-109) 35 (26-189) 62 (31-113) 0 (0) 18 (64)

Cytotoxic # rituximab 3 2 (67) ND ND ND 0 (0) 2 (67)

Steroids # cytotoxic # rituximab 8 6 (75) 50 (20-122) 67 (45-113) 67 (29-129) 1 (17) 5 (63)

Rituximab alone 12 5 (42) 53, 145, 209, 334* 145, 209, 252, 334* 21, 21, 21, 21, 22* 0 (0) 5 (42)

Rituximab # any other agent 39 26 (67) 49 (28-93) 42 (28-138) 67 (31-109) 1 (3) 25 (64)

All rituximab-based regimens 51 31 (61) 65 (29-144) 64 (28-206) 43 (22-96) 1 (3) 30 (59)

The outcome of first-line immunosuppressive therapy (IS) is shown. Complete remission (CR) was defined as inhibitor-negative, FVIII $ 70 IU/dL, and immunosuppres-
sive therapy stopped. Stable CR was defined as achieving CR with no relapse during follow-up. Because the groups are not matched, it is not appropriate to make statistical
comparisons between the treatment arms.

*Actual days given resulting from limited data.

Table 4. Characteristics of patients after propensity score matching

Variable
Prednisone ! oral
cyclophosphamide Prednisone P

n 70 70

Mean FVIII level at diagnosis,

IU/dL (SD)

4.0 (6.0) 3.5 (4.1) .78

Mean inhibitor titer at diagnosis,

BU/mL (SD)

101 (288) 73 (160) .37

Mean weight, kg (SD) 69 (11) 71 (15) .41

Etiology, n (%)
Autoimmune 10 (14) 11 (16) .62

Idiopathic 48 (69) 48 (69)

Malignancy 8 (11) 8 (11)

Pregnancy 4 (5.7) 3 (4.3)

Mean age, y (SD) 72 (14) 71 (17) .52

Sex, no. (%)
Female 33 (47) 32 (46) .86

Male 37 (53) 38 (54.)

Mean steroid dose, mg/kg (SD) 1.18 (0.38) 1.33 (2.12) .006

Comparison of the propensity score-matched groups of prednisone alone and
prednisone # oral cyclophosphamide. The groups were matched for all characteris-
tics except steroid dose, where the prednisone alone group received a higher
dose/kg than the prednisone # cyclophosphamide group.

50 COLLINS et al BLOOD, 5 JULY 2012 ! VOLUME 120, NUMBER 1
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P.Collins,	et	al:	Immunosuppression	for	acquired	hemophilia	A:	results	from	the	European	
Acquired	Haemophilia	Registry	(EACH2).	Blood	2012;	120(1):	47-55.	



Paul Knoebl 16/03/16 

International Conference on Inhibitors in 
Hemophilia A • Milan, Italy, 4-5 March 
2016 7 

Medical University of Vienna P.Knoebl, 2016 

Pr
op

or
tio

n 
of

 p
at

ie
nt

s 
no

t 
 

ac
hi

ev
in

g 
co

m
pl

et
e 

re
m

is
si

on
 

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 
days  0  100  200  300  400  500  600  700  800  900  1000  1100  1200 

Steroids alone 
Steroids + cyclophosphomide 
(matched data set) 
 
 
 
 
 
 
HR=2.36;			95%	CI,	1.49-3.74,	P<0.001		
 

P.Collins,	et	al.	Blood	2012;	120(1):	47-55.	
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Side effects of IST 

Regimen n 

Adverse events n (%) 

 
Any 

 
Infection 

Neutro-
penia 

 
Diabetes 

Psychiatric 
disorder 

Steroids alone  142 36 (25) 23 (16) 2 (1) 11 (8) 6 (4) 

Steroids plus 
cyclophos-
phamide  

83 34 (41) 22 (27) 12 (14) 5 (6) 3 (4) 

Rituximab-
based 
regimens  

51 19 (37) 6 (12) 9 (18) 11 (22) 1 (2) 

P.Collins,	et	al.	Blood	2012;	120(1):	47-55.	
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Safety 

•  Deaths	due	to	bleeding 	3.0	%	
•  Deaths	due	to	IST	complica@ons 	3.0	%	
•  Deaths	due	to	underlying	disease 	9.0	%	
•  Myocardial	infarc@on 	1.4	%	
•  Stroke 	0.2	%	
•  Venous	thromboembolism 	1.0	%	

•  No	significant	associaLon	of	death	or	severe	adverse	events	with	a	
specific	hemostaLc	therapy	

P.Collins,	et	al.	Blood	2012;	120(1):	47-55.	
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Inhibitor eradicated,  
off therapy (n=237; 72.6%) 

Inhibitor not eradicated,  
on immunosuppression  
(n=39; 11.8%) 

Inhibitor not eradicated,  
off therapy (n=33; 10%) 

P<0.0001 (log-rank test) 
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P.Knoebl,	et	al:	Demographic	and	clinical	data	in	acquired	hemophilia	A:	results	from	the	European	
Acquired	Haemophilia	Registry	(EACH2).	J.Thromb.Haemost.	2012;	10:	622–631				
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CLINICAL TRIALS AND OBSERVATIONS

Prognostic factors for remission of and survival in acquired hemophilia
A (AHA): results from the GTH-AH 01/2010 study
Andreas Tiede,1 Robert Klamroth,2 Rüdiger E. Scharf,3 Ralf U. Trappe,4,5 Katharina Holstein,6 Angela Huth-Kühne,7

Saskia Gottstein,2 Ulrich Geisen,8 Joachim Schenk,9 Ute Scholz,10 Kristina Schilling,11 Peter Neumeister,12
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Key Points

• This study is the first to
assess prognostic factors in
patients with AHA treated
according to a uniform
immunosuppressive regimen.

• Residual factor VIII activity
and inhibitor concentration at
baseline are potentially useful
predictors of remission.

Acquired hemophilia A (AHA) is caused by autoantibodies against factor VIII (FVIII).

Immunosuppressive treatment (IST) results in remission of disease in 60% to 80% of

patients over a period of days to months. IST is associated with frequent adverse events,

including infections as a leading cause of death. Predictors of time to remission could

help guide IST intensity but havenot been established.Weanalyzedprognostic factors in

102 prospectively enrolled patients treated with a uniform IST protocol. Partial remission

(PR;definedasnoactivebleeding,FVIII restored>50 IU/dL,hemostatic treatment stopped

>24 hours) was achieved by 83% of patients after a median of 31 days (range 7-362).

Patients with baseline FVIII <1 IU/dL achieved PR less often and later (77%, 43 days) than

patients with ‡1 IU/dL (89%, 24 days). After adjustment for other baseline characteristics,

low FVIII remained associated with a lower rate of PR (hazard ratio 0.52, 95% confidence

interval 0.33-0.81,P < .01). In contrast, PR achievedon steroids alonewithin£21 dayswas

more common in patients with FVIII ‡1 IU/dL and inhibitor concentration <20 BU/mL

(odds ratio 11.2, P < .0001). Low FVIII was also associated with a lower rate of complete remission and decreased survival. In

conclusion, presenting FVIII and inhibitor concentration are potentially useful to tailor IST in AHA. (Blood. 2015;125(7):1091-1097)

Introduction

Acquired hemophilia A (AHA) is a serious condition with high
morbidity and mortality that can occur in previously healthy men and
women of every age.1,2 Neutralizing autoantibodies, called inhibitors,
are formed against the factor VIII (FVIII) coagulant protein. The re-
sulting lack of FVIII activity may cause significant spontaneous or
trauma-induced bleeding.3,4 Risk factors for the occurrence of AHA
include advanced age and underlying conditions such as malignancy,
autoimmunedisorders, pregnancy, and thepostpartumperiod.3,5Other
risk factors, such as certain drugs, have also been suggested.3,6,7

Immunosuppressive treatment (IST) with steroids, alone or in com-
bination with cyclophosphamide, rituximab, or other immunosuppres-

sants, results in remission of the disease in 60% to 90%.7-11 With
current IST regimens, the time needed to achieve remission varies
from a few days to several months.12 During this time, patients are
at high risk of severe, sometimes fatal bleeding.8 Given the high
cost of hemostatic treatment of AHA, the long time needed to
achieve remission is also economically important. Side effects of
IST, in particular infections, contribute to an overall highmorbidity
andmortality. Recent observational studies reportedmortality rates
of 28% to 42%.3,8,10

Given the variable prognosis of AHA, we aimed to establish
clinically useful predictors of remission. This is best done in a large
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•  An	interna@onal,	mul@center,	prospec@ve	registry	on	acquired	
hemophilia	to	iden@fy	prognos@c	factors	in	AHA	

•  Enrollment	period:	January	2003	–	December	2008	

•  154	screened	pa@ents	(102	included)	from	21	treatment	centers	in	3	
European	countries	(Austria,	Germany,	Switzerland)	

•  Standardized	escala@ng	immunosuppression	protocol	
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Key Points

• This study is the first to
assess prognostic factors in
patients with AHA treated
according to a uniform
immunosuppressive regimen.

• Residual factor VIII activity
and inhibitor concentration at
baseline are potentially useful
predictors of remission.

Acquired hemophilia A (AHA) is caused by autoantibodies against factor VIII (FVIII).

Immunosuppressive treatment (IST) results in remission of disease in 60% to 80% of

patients over a period of days to months. IST is associated with frequent adverse events,

including infections as a leading cause of death. Predictors of time to remission could

help guide IST intensity but havenot been established.Weanalyzedprognostic factors in

102 prospectively enrolled patients treated with a uniform IST protocol. Partial remission

(PR;definedasnoactivebleeding,FVIII restored>50 IU/dL,hemostatic treatment stopped

>24 hours) was achieved by 83% of patients after a median of 31 days (range 7-362).

Patients with baseline FVIII <1 IU/dL achieved PR less often and later (77%, 43 days) than

patients with ‡1 IU/dL (89%, 24 days). After adjustment for other baseline characteristics,

low FVIII remained associated with a lower rate of PR (hazard ratio 0.52, 95% confidence

interval 0.33-0.81,P < .01). In contrast, PR achievedon steroids alonewithin£21 dayswas

more common in patients with FVIII ‡1 IU/dL and inhibitor concentration <20 BU/mL

(odds ratio 11.2, P < .0001). Low FVIII was also associated with a lower rate of complete remission and decreased survival. In

conclusion, presenting FVIII and inhibitor concentration are potentially useful to tailor IST in AHA. (Blood. 2015;125(7):1091-1097)

Introduction

Acquired hemophilia A (AHA) is a serious condition with high
morbidity and mortality that can occur in previously healthy men and
women of every age.1,2 Neutralizing autoantibodies, called inhibitors,
are formed against the factor VIII (FVIII) coagulant protein. The re-
sulting lack of FVIII activity may cause significant spontaneous or
trauma-induced bleeding.3,4 Risk factors for the occurrence of AHA
include advanced age and underlying conditions such as malignancy,
autoimmunedisorders, pregnancy, and thepostpartumperiod.3,5Other
risk factors, such as certain drugs, have also been suggested.3,6,7

Immunosuppressive treatment (IST) with steroids, alone or in com-
bination with cyclophosphamide, rituximab, or other immunosuppres-

sants, results in remission of the disease in 60% to 90%.7-11 With
current IST regimens, the time needed to achieve remission varies
from a few days to several months.12 During this time, patients are
at high risk of severe, sometimes fatal bleeding.8 Given the high
cost of hemostatic treatment of AHA, the long time needed to
achieve remission is also economically important. Side effects of
IST, in particular infections, contribute to an overall highmorbidity
andmortality. Recent observational studies reportedmortality rates
of 28% to 42%.3,8,10

Given the variable prognosis of AHA, we aimed to establish
clinically useful predictors of remission. This is best done in a large
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Patient Selection Criteria 

•  Inclusion	criteria:	
–  Age	18	years	or	older	
–  Acquired	hemophilia	with	FVIII	ac@vity	<50	IU/dl	and	posi@ve	FVIII	

inhibitor	in	Bethesda	assay	
–  Immunsuppressive	treatment	not	started	>7	d	ago	
–  Informed	consent	

•  Exclusion	criteria:	
–  Congenital	hemophilia	
–  Ongoing	pregnancy	or	breasgeeding	
–  Severe,	uncontrolled	infec@on	
–  Concurrent	par@cipa@on	in	clinical	trials	with	inves@ga@onal	drugs	

Medical University of Vienna P.Knoebl, 2016 

Study Endpoints 

•  Primary	endpoint:	
•  Time	to	par2al	remission	(PR),	defined	as	

•  No	ac@ve	bleeding	
•  FVIII:C	increased	to	>50	IU/dl,	and	
•  Any	hemosta@c	treatment	stopped	for	>24	h	

•  Secondary	endpoints:	
•  Time	to	complete	remission	(CR),	defined	as	PR	plus	

•  Nega@ve	inhibitor	
•  Steroid	tapered	to	<15	mg/d	prednisolone	or	equivalent,	and	
•  Any	other	IST	stopped	

•  Overall	survival	(OS)	
•  Adverse	events	(AEs)	
•  Causes	of	death	
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Demography and Underlying Disorders 

GTH-AH	01/2010*	 EACH2**	

Median	age	[years	(IQR)]	 74	(64-82)	 75	(64-81)	

Male/female	ra@o	 1.5	 1.2	

None	(idiopathic)	
Autoimmunity	
Malignancy	
Puerperium	
Others	(incl.	Infec@ons,	skin	disorders,	
drugs)	

67	%	
20	%	
13	%	
5	%	
ND	

52	%	
13	%	
12	%	
8	%	
20	%	

*	Tiede	et	al.	Blood	2015;	125(7):	1091-1097	
**	Knöbl	et	al.	J	Thromb	Haemost	2012;	10:	622-31.			

PaLents	from	centers	that	could	enter	all	paLents	(including	those	who	died).	

Medical University of Vienna P.Knoebl, 2016 

Baseline Conditions 

GTH-AH	01/2010	 EACH2	

Concomitant	disease	
Renal	insufficiency	
Coronary	artery	disease	
Heart	failure	
Diabetes	mellitus	
Arterial	hypertension	

	
36	%	
27	%	
29	%	
27	%	
58	%	

ND	

WHO	performance	status	
0-1	
2-3	
4-5	

	
40	%	
45	%	
15	%	

ND	

Factor	VIII:C	at	baseline	(local	lab)	
Median	(IQR),	in	IU/dl	
FVIII:C	less	than	1	IU/dl	

	
1.4	(<1	to	3)	

48	%	

	
2	(1	to	5)	
18	%	

Inhibitor	at	baseline	(local	lab)	
Median	(IQR),	in	BU/ml	

	
19	(7.7	to	78)	

	
13	(4.3-42)	

Tiede	et	al.	PrognosLc	factors	for	remission	of	and	survival	in	acquired	hemophilia	A	
(AHA):	results	from	the	GTH-AH	01/2010	study.	Blood	2015;	125(7):	1091-1097	
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GTH Consensus Immuno- 
suppression Protocol 2010 

Exceptions in case of contraindications: 
•  Steroids contraindicated: use rituximab alone 
•  Cyclophosphamide contraindicated: use rituximab + steroids 
•  Rituximab contraindicated: continue on cyclophosphamide + steroids 
 
Exception for patients developing AHA while on steroids: 
•  If prednisolone >15 mg/d or equivalent: use prednisolone + rituximab 

Prednisolone: 
<60 kg bw: 75 mg/d 
60-100 kg bw: 100 mg/d 
>100 kg: 150 mg/d 

Week 1-3 

Partial remission (PR) 

Prednisolone: 
To be continued 
 
 

Rituximab: 
375 mg/m2 weekly 
for 4 weeks 

Week 7-10 

PR 

Prednisolone: 
To be continued 
 
 

Cyclophosphamide: 
<60 kg bw: 100 mg/d 
60-100 kg bw: 150 mg/d 
>100 kg: 200 mg/d 

Week 4-6 

PR 

PR achieved: 
 
• Stop cyclo-

phosphamide 
or rituximab, 
if applicable 

• Taper 
prednisolone 
over 6 weeks 

CR achieved 

FVIII:C stable 
≥50 IU/dl: 
• Observation 

FVIII:C drops 
<50 IU/dl: 
•  Increase 

prednisolone 
to last 
effective dose 

•  Taper again, if 
FVIII:C stable 
≥50 IU/dl 

•  Add other IST, 
if tapering not 
successful 

Prednisolone: 
<60 kg bw: 75 mg/d 
60-100 kg bw: 100 mg/d 
>100 kg: 150 mg/d 

Week 1-3 

Partial remission 
 (PR) 

Prednisolone: 
To be continued 
 
 

Rituximab: 
375 mg/m2 weekly 
for 4 weeks 

Week 7-10 

PR 

Prednisolone: 
To be continued 
 
 

Cyclophosphamide: 
<60 kg bw: 100 mg/d 
60-100 kg bw: 150 mg/d 
>100 kg: 200 mg/d 

Week 4-6 

PR 

PR achieved: 
 
• Stop cyclo-

phosphamide 
or rituximab, 
if applicable 

• Taper 
prednisolone 
over 6 weeks 

CR achieved 

FVIII:C stable 
≥50 IU/dl: 
• Observation 

FVIII:C drops 
<50 IU/dl: 
•  Increase 

prednisolone 
to last 
effective dose 

•  Taper again, if 
FVIII:C stable 
≥50 IU/dl 

•  Add other IST, 
if tapering not 
successful 

Stable CR 

Medical University of Vienna P.Knoebl, 2016 

GTH Consensus Immuno- 
suppression Protocol 2010 

Exceptions in case of contraindications: 
•  Steroids contraindicated: use rituximab alone 
•  Cyclophosphamide contraindicated: use rituximab + steroids 
•  Rituximab contraindicated: continue on cyclophosphamide + steroids 
 
Exception for patients developing AHA while on steroids: 
•  If prednisolone >15 mg/d or equivalent: use prednisolone + rituximab 

Prednisolone: 
<60 kg bw: 75 mg/d 
60-100 kg bw: 100 mg/d 
>100 kg: 150 mg/d 

Week 1-3 

Partial remission 
 (PR) 

Prednisolone: 
To be continued 
 
 

Rituximab: 
375 mg/m2 weekly 
for 4 weeks 

Week 7-10 

PR 

Prednisolone: 
To be continued 
 
 

Cyclophosphamide: 
<60 kg bw: 100 mg/d 
60-100 kg bw: 150 mg/d 
>100 kg: 200 mg/d 

Week 4-6 

PR 

PR achieved: 
 
• Stop cyclo-

phosphamide 
or rituximab, 
if applicable 

• Taper 
prednisolone 
over 6 weeks 

CR achieved 

FVIII:C stable 
≥50 IU/dl: 
• Observation 

FVIII:C drops 
<50 IU/dl: 
•  Increase 

prednisolone 
to last 
effective dose 

•  Taper again, if 
FVIII:C stable 
≥50 IU/dl 

•  Add other IST, 
if tapering not 
successful 

101 

35 

12 Stable CR 
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Endpoints 

and to add either cyclophosphamide or rituximab once first-line treatment was
unsuccessful.13,14 TheGTHAH01/2010protocol used herewas developed based
on that statement.

Treatment started with prednisolone alone (daily dose 75 mg for patients
,60 kg, 100mg for 60-100 kg, 150mg for.100 kg) in weeks 1 to 3. Unless
PR was achieved, treatment was escalated to prednisolone (same dose) plus
cyclophosphamide (100 mg for,60 kg, 150 mg for 60-100 kg, 200 mg for
.100 kg) in weeks 4 to 6, and to prednisolone (same dose) plus rituximab
(4weekly doses of 375mg/m2) starting in week 7. Treatment escalation was
withheld if a steady increase of FVIII activity was observed during 7 days
before the planned escalation, but it had to be started whenever no further
improvement was noted during a 7-day period. As soon as PR was achieved,
cyclophosphamide and rituximab were stopped, if applicable, and predniso-
lone was tapered over 6 weeks (descending daily doses of 50, 25, 20, 15, 10,
5 mg for 1 week each).

If AHA was first diagnosed while on prednisolone .15 mg/day,
patients were immediately escalated to treatment according to week 7
(prednisolone/rituximab). If cyclophosphamide was contraindicated, patients
started on prednisolone (weeks 1-3) and were escalated in week 4 to predniso-
lone/rituximab (according to week 7). If prednisolone was contraindicated,
patients started on rituximab alone from week 1. Cyclophosphamide was to
be interrupted in case of neutropenia (,1000/mL) or thrombocytopenia
(,100/nL).

Data collection

Data were collected using standardized case report forms. We collected
demographic and baseline data (age, gender, underlying conditions, con-
comitant disorders, World Health Organization performance status [WHO-
PS], local laboratory baseline FVIII activity, and Bethesda inhibitor titer) at
study entry of each patient. FVIII activitywasdeterminedby1-stage or chromo-
genic substrate assay; inhibitor concentrationwasmeasured using the Bethesda
assay according to standard procedures at the local laboratory. Until CR
was achieved, follow-up data were collected weekly, including treatment
information (calendar dates of start and stop, dose, frequency and route of
administration for any IST, hemostatic drug, and transfusion), laboratory
data (FVIII activity and inhibitor concentration), and outcome data (calendar
day of PR and CR; number, duration, and severity of bleeds and AEs including
serious adverse events [SAEs]; and calendar day and cause of death). After
achieving CR, data were collected in months 1, 3, 6, 12, 18, and 24 after
achieving CR. Individual patient data as entered into the database were pro-
vided back to the local study coordinator for source-data verification.

Statistical analysis

The day of starting prednisolone was defined as day 1 for all analyses.
Medians and ranges or interquartile ranges (IQR), or patient/event numbers
and frequencies, were used to describe data as appropriate. Age, baseline
FVIII activity, inhibitor concentration, and WHO-PS were dichotomized
by a clinically useful divider near the median as indicated. Frequencies
were compared using odds ratios (ORs) or relative riskwith 95% confidence
intervals (CIs) and compared using Fisher’s exact test.

Univariate and multivariate Cox regression analysis was performed for the
time to PR, CR, and OS. Patients were censored if they were alive but had
not reached the end point at the end of study. In those who died before reaching
PR or CR, the time to the PR/CR end point was set to infinity because these
patients no longer had a chance to achieve this end point. Predefined categorical
and dichotomized baseline variables were entered as independent factors as
indicated. Hazard ratios (HRs) were calculated for each factor together with CI.

Logistic regression and receiver-operator characteristic (ROC) analysis were
performed to assess baseline characteristics of patients who achieved PR within
21 dayswith steroids alone. For logistic regression, dichotomized factors entered
into the analysiswere age, gender, underlying disorder,WHO-PS,FVIII activity,
and inhibitor concentration. Stepwise backward selection was performed to
eliminate nonsignificant factors (P. .05). For ROC analysis, FVIII activity and
inhibitor concentration were entered as test variables. ROC curves and the
respective areas under the curves (AUC) with 95% CI intervals were deter-
mined, and sensitivity, specificity, and positive and negative predictive
values were calculated.

For all analyses, a P value,.05 was considered statistically significant.

Results

Baseline characteristics

Demographics and baseline characteristics of the 102 patients are
summarized in Table 1. Themedian agewas 74 years.Malignancy as
anunderlyingdisorderwasmoreoften reported inmale patients (19%)
than in female patients (5%, P5 .04). In contrast, autoimmunity as
an underlying disorder tended to be more frequent in females (28%)
than in males (14%, P5 .08). The distribution of factor activity and
inhibitor concentration is presented in supplemental Figure 1 (avail-
able on theBloodWebsite). ThemedianFVIII activity at baselinewas
1.4 IU/dL (range ,1 to 31), and the median inhibitor concentration
was 19 BU/mL (range 1.1 to 1449). More clinically useful thresholds
of FVIII activity,1 IU/dL and inhibitor concentration.20 BU/mL
were used for subsequent analyses. Patients with a high inhibitor con-
centration (.20BU/mL)more often had a lowFVIII (,1 IU/dL, 60%
of patients) compared with other patients (33%, P5 .009). There was
no significant association of inhibitor concentration or FVIII activity
withunderlying disorder, age, gender, or other baseline characteristics.

IST

The patient flow along the course of IST is outlined in Figure 1. All
but 1 patient, who died on day 1, started on prednisolone. Forty-eight

Figure 2. Pathways to complete remission. Arrows are proportional to patient
numbers.

Table 2. Primary and secondary end points for the entire study
population

End point
End point achieved

n (%)

Time to end point in days

Median IQR Range

Primary end point

PR 85 (83) 31 19-51 7-362

Secondary end points

CR 62 (61) 79 48-102 26-856

Mortality 34 (33) 66 23-235 1-599
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(47%) patients achieved a PR with prednisolone alone, 25 (52%) of
them within 21 days. The other 23 patients, who achieved PR with
prednisolone alone, had not yet achieved PR on day 21 but had shown
a continuous increase of their FVIII activity. As determined by the
protocol, therapy was not escalated as long as FVIII was still im-
proving. These patients achieved PR onmedian day 29 (IQR 26-43,
ie, 3-22 days after day 21). Of the 44 patients requiring second-line
therapy, 35 (80%) received cyclophosphamide, and 9 (20%) patients
received rituximab because of contraindications for cyclophospha-
mide. Of the 35 patients on cyclophosphamide, 21 (60%) achieved
PR with this treatment. Twelve patients (34%) received third-line
therapy with rituximab.

Outcomes

PR and CR. Figure 2 shows the patient flow through different
remission states. Median, IQR, and range for the time to remission are
provided in Table 2. A total of 85 (83%) patients achieved the primary
end point, PR, after a median of 31 days, and 62 (61%) patients
achieved CR after a median of 79 days.

Recurrence after PR and CR. After achieving PR, 19 (22%)
patients recurred before achieving CR, ie, FVIII activity dropped to
,50 IU/dL during the 6-week steroid tapering phase (Figure 2); 18 of
them (95%) achieved a second PR after increasing steroids according
to protocol, and 11 (58%) achieved a CR. Recurrence after achieving
CR was noted in 15 of 62 patients (24%). Twelve (80%) of these
patients achieved a new PR, and 7 (47%) achieved a new CR. At the
end of study, 49 patients (48% of the entire cohort) were in stable CR
for a median time of 403 days.

Survival and causes of death. The median follow-up time for
all subjects was 262 days (IQR 87-612). At final follow-up, 68 (77%)
patientswere alive. The 1-year survival ratewas 68% (CI 58% to77%).
Frequent causes of death among the 34 patients who died were in-
fections (n 5 16), cardiovascular disorders (n 5 6), the underlying
disorder (n5 3), and bleeding (n5 3; supplemental Table 1). Fourteen
deaths were reported as being possibly, probably, or definitely related
to complications of IST. Of the 6 deaths from cardiovascular events,
3 events (2 patients with ischemic stroke and 1 patient with myocardial

infarction) occurred .50 days after achieving PR and were unrelated
to hemostatic treatment. Three deaths from cardiovascular cause
were attributed to hemostatic treatments: 1 death was due acute portal
vein thrombosis occurring on day 6 (while on recombinant factor
VIIa [rFVIIa] for 3 days) and 2 deaths were due to ischemic stroke
occurring on days 5 and 35 (both while on rFVIIa and tranexamic acid
for 7 and 11 days, respectively). Taking into account the total number
of patients exposed to rFVIIa (n 5 63), tranexamic acid (n 5 32), or
both (n5 21), the crude rate of fatal vascular events was 5% for rFVIIa
and 10% for the combination of rFVIIa and tranexamic acid.

AEs. In total, 169AEs, including92SAEs and38 fatalAEs,were
recorded in 67 of the 102 patients (supplemental Table 2). Of these, 51
(30%) were probably or definitely related to IST, including infection,
worsened or newly diagnosed diabetes mellitus, mucous membrane
ulcers, and psychiatric disorders, all being typical complications of
prolonged corticosteroid therapy. Infections were significantly associ-
ated with mortality: 20 of 37 (54%) patients with infections died,
compared with 14 of 65 (22%) patients without infections (P5 .001).
Cardiovascular events were the second most frequent type of AEs,
including 7 fatal events in 6 patients (supplemental Tables 1 and 2).
Eight cardiovascular eventswere of thromboembolic nature, 4 ofwhich
occurred after achieving PR with no hemostatic treatment involved.
Four events were related to hemostatic treatments (3 fatal events re-
ported above and 1 nonfatal myocardial infarction occurring on day
21while on a combination of rFVIIa and tranexamic acid since day1).

Prognostic factors

PR. The probability of achieving PR and the time needed to achieve
PR are outlined according to baseline characteristics in Table 3. PRwas
achieved less frequently, after a longer time, and with a lower rate (as
expressed by a HR below 1) in patients with a baseline FVIII activity
,1 IU/dL. There was a trend toward a lower PR rate with higher
baseline inhibitor titer that did not reach statistical significance
(Table 3). Age, gender, underlying disorder, andWHO-PSwere not
significantly associated with time to PR. When these factors were
entered into amultivariate Cox proportional hazardmodel, baseline
FVIII activity ,1 IU/dL remained significantly associated with
time to PR (Table 4 and Figure 3A).

Wealso assessed characteristics of the25patientswhoachievedPR
by day 21 with steroids alone. This subset of patients had a particu-
larly good prognosis: 88% survived until the end of the study, and
85% achieved a CR after a median of 50 days (IQR 42-75). These
patients were best predicted by a multivariate logistic regression

Table 3. PR according to baseline characteristics: univariate
analysis

Baseline variable
PR achieved

n (%)

Time to PR
in days

median (IQR)
Unadjusted
HR (CI)

FVIII activity

,1 IU/dL (n 5 47) 36 (77) 43 (28-64) 0.54 (0.35-0.83)*

$1 IU/dL (n 5 55) 49 (89) 24 (15-44)

Inhibitor concentration

#20 BU/mL (n 5 54) 45 (83) 26 (15-46) 0.76 (0.50-1.16)

.20 BU/mL (n 5 48) 40 (83) 35 (28-59)

Gender

Female (n 5 43) 40 (93) 35 (23-62) 1.23 (0.80-1.89)

Male (n 5 59) 45 (76) 28 (18-49)

Age

#74 y (n 5 53) 48 (91) 41 (23-64) 0.83 (0.54-1.28)

.74 y (n 5 49) 37 (76) 28 (18-36)

WHO-PS

Good (#2, n 5 64) 55 (86) 32 (18-52) 0.80 (0.51-1.25)

Poor (.2, n 5 38) 30 (79) 30 (21-47)

Underlying disorder

Autoimmunity (n 5 20) 19 (95) 32 (23-51) 1.31 (0.78-2.19)

Malignancy (n 5 13) 9 (69) 21 (17-28) 0.74 (0.37-1.48)

Pregnancy (n 5 5) 5 (100) 50 (43-82) 0.92 (0.38-1.28)

*P , .05 (statistical significance from univariate Cox regression analysis).

Table 4. Predictors of remission and survival: multivariate analysis

Baseline variable PR CR OS

FVIII activity

,1 IU/dL

0.52 (0.33-0.81)** 0.49 (0.29-0.85)* 2.40 (1.10-5.22)*

Inhibitor

concentration

.20 BU/mL

0.77 (0.49-1.21) 0.75 (0.43-1.29) 1.20 (0.54-2.67)

Female gender 1.22 (0.77-1.91) 1.30 (0.76-2.24) 0.58 (0.26-1.31)

Age .74 y 0.94 (0.58-1.50) 0.76 (0.43-1.32) 1.76 (0.82-3.78)

Underlying disorder

Autoimmunity 1.32 (0.77-2.28) 0.88 (0.45-1.72) 1.02 (0.36-2.84)

Malignancy 0.58 (0.28-1.21) 0.62 (0.27-1.44) 2.91 (1.12-7.52)*

Pregnancy 0.61 (0.23-1.65) 0.74 (0.27-2.04) —

WHO-PS .2 0.76 (0.48-1.21) 0.39 (0.21-0.72)** 3.38 (1.55-7.37)**

Data are presented as adjusted HR (CI).
*P , .05.

**P , .01.
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Variable	 PR	achieved	
N	(%)	

Time	to	PR	in	days	
Median	(IQR)	

Crude	HR	(95%	CI)	 Adjusted	HR	(95%	CI)	 P	value	

FVIII:C	<1	IU/dl	 36	(77)	 43	(28-64)	
0.54	(0.35-0.83)	 0.52	(0.33-0.81)	 <0.01	

FVIII:C	≥1	IU/dl	 49	(89)	 24	(15-44)	

PR CR 

Complete	and	Par2al	Remission	

Tiede	et	al.	Blood	2015;	125(7):	1091-1097	

Medical University of Vienna P.Knoebl, 2016 

Variable	 Adjusted	HR	(95%	CI)	 P	value	

FVIII:C	<1	IU/dl	 2.40	(1.10-5.22)	 <0.05	

Malignancy	 2.91	(1.12-7.52)	 <0.05	

WHO	performance	status	>2	 3.38	(1.55-7.37)	 <0.01	
Tiede	et	al.	Blood	2015;	125(7):	1091-1097	

Overall	survival	
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Survival and Causes of Death 

UK	
Surveillance1	

EACH22	 SACHA3	 GTH4	

N	 134	 331	 82	 102	

Median	age	 78	 74	 77	 74	

Es@mated	1	year	survival	 55%	(Steroid)	
72%	(Steroid

+CTX)	

72%	 62%	 68%	

Fatal	bleeds	 9.1%	 4.5%	 3.5%	 2.9%	

Fatal	IST	complica@ons	 11%	 4.2%	 12%	 16%	

Fatal	CV	complica@ons	 n.r.	 n.r.	 7.3%	 6%	
Abbrevia@ons:	IST,	immunsuppressive	treatment;	CV,	cardiovascular;	CTX,	cyclophosphamide;	n.r.,	not	reported	

1.  Collins	et	al.	Blood	2007;109:1870-7	
2.  Knöbl	et	al.	J	Thromb	Haemost	2012;	10:	622–31	

3.  Borg	et	al.	Haemophilia	2013;19:564-70	
4.  Tiede	et	al.	Blood	2015;	125(7):1091-7	

Medical University of Vienna P.Knoebl, 2016 

Unmet needs? 

•  Reduce duration of immunosuppression 

•  Reduce side effects of immunosuppression 

•  Identify prognostic parameters to predict response 

to therapy and survival 

•  Establish individualized therapeutic strategies 
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Immunoadsorption 

•  Extracorporeal	adsorp@on	of	pa@ent‘s	plasma	to	protein	A-	or	an@-
immunoglobuline	sepharose	columns	(re-usable)	

•  Removal	of	circula@ng	an@bodies	(all	subclasses)	and	an@gen-an@body	
complexes	

•  Processing	of	large	plasma	volumes	(7.000	ml	in	4	h)	
•  Fast	reduc@on	of	inhibitor	@ters	enables	use	of	FVIII	concentrates	insteas	

of	bypassing	agents	or	rpFVIII	
•  Safe	procedure,	low	rate	of	adverse	events	

•  Complex	procedure,	need	for	experienced	team	and	equipment	
•  Need	for	good	venous	access	(if	possible,	use	peripheral	veins)	
•  Complex	an@coagula@on	of	the	extracorporeal	circuit	
•  Immunoglobuline	deple@on	–	risk	of	infec@ons?	

•  		

Jansen	et	al.	Treatment	of	coagulaLon	inhibitors	with	extracorporeal	
immunoadsorpLon	(Ig-Therasorb)	BriLsh	Journal	of	Haematology	2001;	112:91-97	

Medical University of Vienna P.Knoebl, 2016 
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Immunotolerance Protocols 

Combina2ons	of:	
•  Immunosuppression	
•  Immunoadsorp@on		
•  High-dose	human	FVIII	concentrates	(satura@on	of	circula@ng	

an@bodies	by	an@gen	excess)	

•  Modified Bonn Malmö Protocol 
•  Budapest Protocol 

•  Vienna Protocol 

Medical University of Vienna P.Knoebl, 2016 

Modified Bonn-Malmö Protocol 

Large-volume	immunoadsorp2on:	
	2.5	to	3	@mes	the	total	plasma	volume	on	days	1	to	5	

	
iv	immunoglobuline	subs2tu2on:		

	(0.3	g/kg	body	weight	[BW]/d,	on	days	5-7)	
	
Immunosuppression:	

	Cyclophosphamide	(1-2	mg/kg	BW/d)	
	Prednisolone	(1	mg/kg	BW/d)	from	day	1	un@l	remission	

	

Human	FVIII	concentrates		
	100	U/kg	BW	every	6	hours.	Dose	reduc@ons	on	the	level	of	recovery	achieved	
(50%-80%	FVIII	residual	ac@vity	ater	4-6	hours)		

	

Treatment	cycles	(days	1-7)	were	repeated	several	@mes,	depending	on	the	clinical	
response	and	the	coagula@on	factor	ac@vity.		

Zeitler	et	al.	Treatment	of	acquired	hemophilia	by	the	Bonn-Malmo	̈	Protocol:	
documentaLon	of	an	in	vivo	immunomodulaLng	concept.	Blood.	2005;105:2287-2293	
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During a long-term follow-up (median, 44 months; range, 5-86

months), there was no evidence of any inhibitor relapse in 33
patients. The remaining 2 patients experienced a period in which
FVIII declined to 10% and to 50%, respectively, without any
bleeding events 10 and 12 months after the initial MBMP
treatment. Both patients (patients 33, 34) received conventional
therapy before the MBMP treatment. Relapses were managed by
apheresis for 5 to 6 days and by immunosuppression therapy. These
interventions succeeded in restoring normal FVIII levels, and the
clinical condition of the patients remained stable over a follow-up
period of 4.5 years. None of the patients died as a direct
consequence of bleeding events. However, 2 patients with paraneo-
plastic disease (lung cancer, patient 35; lymphoma combined with
paraproteinemia, patient 31) died of malignant disease 15 and 12
months, respectively, after the beginning of the MBMP.

Discussion

This report describes the successful MBMP treatment of 35
patients with AH. All patients exhibited high inhibitor titers and
critical bleeding at presentation. AH is a rare condition, but
high-titer patients with AH are seen even less frequently. Because
our center is well known and has a good reputation for treating
patients with hemophilia, physicians in the surrounding area
frequently refer difficult cases to us. This has allowed us to
document, for the first time, the treatment of such a large
population of these high-titer patients.

Our “difficult-to-treat” patients achieved CR within 2.5 weeks
(12-17 days). Various conventional treatment regimens are re-
ported to require 3 to 12 weeks until CR in a population of mainly
low-titer patients. The mean time to achieve cessation of bleeding
is reported to be 3 weeks for various conventional treatment
regimes compared with 3 days with our protocol.19-22

We attribute the high efficacy of the MBMP to the immunoad-
sorption that was included in our AH treatment protocol. The
intensive large-volume immunoadsorption removes high levels of
autoantibodies and circulating immune complexes from patient’s
plasma. Overnight redistribution results in mobilization of the
inhibitor from the extravascular space and allows its removal in the
subsequent apheresis sessions.

The major advantage of immunoadsorption compared with
other extracorporeal treatments, such as plasma exchange, is its
high efficiency in removing pathogenic antibodies without a

simultaneous loss of coagulation factors. As Fischer et al23 reported
recently, plasma exchange can lead to fatal bleeding. Even though
these acute bleedings can be controlled with FEIBA, rFVIIa, and
porcine FVIII, these approaches do not eliminate the inhibitor.
These are symptomatic treatments that require the additional use of
expensive clotting factors. Furthermore, we assume that recurring
bleeding events increase the inhibitor titer, thereby delaying
inhibitor elimination.8

After apheresis, FVIII substitution is an essential element of the
MBMP. FVIII infusions did not cause an increase in pathogenic
antibodies in the MBMP-treated patients. Several possible mecha-
nisms could explain this phenomenon. First, high concentrations of
FVIII may selectively stimulate autoreactive cell clones and make
them more sensitive to cytotoxic agents.1,11 Second, immunoadsorp-
tion allows high levels of FVIII recovery, which may then trigger
the elimination of autoreactive cell clones by Fas-mediated cytotox-
icity.24 Third, the presence of low-titer anti-FVIII and anti-idiotypic
antibodies in healthy persons has been well established.25,26 Finally,
the concentration of natural inhibitors in normal plasma is low and
is regulated by natural anti-idiotype antibodies. Although the role
of natural inhibitors in maintaining hemostasis and tolerance is not
clearly understood, it is possible that they may regulate plasma
FVIII levels. In contrast to the highly specific inhibitor antibodies,
these antibodies (known as natural antibodies) are polyclonal and
polyreactive, and they recognize several types of different anti-
genic structures. Based on these findings, we postulate that the
FVIII substitution in the MBMP allows sufficient biosynthesis of
anti-idiotypic antibodies controlling the inhibitor through idiotypic
suppression, ensuring permanent inhibitor control.27

Considering these potential immune-stimulating aspects of the
MBMP, the beneficial effects of concomitant immunosuppressive
therapy may be questioned. Nevertheless, based on our experience, the
immunosuppression is obligatory for successful elimination of the
inhibitor. Autoreactive cell clones stimulated by the presence of FVIII
are likely to have a higher turnover and to become more sensitive to
immunosuppressive drugs. Modifications of the MBMP, such as exclud-
ing or reducing the FVIII substitution component, may initially save
costs but will ultimately lead to higher total costs because of the
necessity of bypassing agents in controlling bleeding.

The rapid response to MBMP permits the immunosuppressive
drugs to be quickly reduced, thereby lowering the cumulative dose.
This issue is of particular importance given the potential risk for
leukemia and the procarcinogenic activity of cyclophosphamide
doses up to 25 g, especially in younger patients.28-31 As Delgado

Figure 3. Treatment end points were rapidly reached in the MBMP group. Kaplan-Meier plots. (A) Median time to reduce inhibitor to undetectable levels, 3 days (95% CI,
2-4 days). (B) Median time of factor substitution, 12 days (95% CI, 7-17 days). (C) Median time of treatment, 14 days (95% CI, 11-17 days). Abscissa shows time in apheresis
days. Numbers above the Kaplan-Meier curves represent patients concluding the MBMP within the corresponding time period. Vertical excursions of the curves signify the
occurrence of events. Dotted line indicates the median.
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Modified Bonn-Malmö Protocol 
Outcome: 

Overall CR rate: 88% (31 of 35 patients) 
 

When patients with underlying cancer were excluded, 
the CR rate was 97% (31 of 32 patients).  

 

No deaths during therapy 
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Modified Bonn-Malmö Protocol 
Resource utilization 
 

Amount	of	FVIII	concentrates	(all	35	pa@ents):		
median	140.000	IU	(range	24.000	-	1.870.000	IU)	
	

Amount	of	rFVIIa	(5	pa@ents):		
Median	250	mg	(range	44	–	600	mg)	
	

Amount	of	APCC	(2	pa@ents):		
700.000	IU	and	4.200.000	IU	
 
 

Zeitler	et	al.	Blood.	2005;105:2287-2293	

Medical University of Vienna P.Knoebl, 2016 

Modified Bonn-Malmö Protocol 
Resource utilization 
 

Amount	of	FVIII	concentrates	(all	35	pa@ents):		
median	140.000	IU	(range	24.000	-	1.870.000	IU)	

								110.000	€ 	 					20.000	€ 	1.500.000	€	

Amount	of	rFVIIa	(5	pa@ents):		
Median	250	mg	(range	44	–	600	mg)	

				250.000	€ 									44.000	€						600.000	€	

Amount	of	APCC	(2	pa@ents):		
700.000	IU	and	4.200.000	IU	
			840.000	 	 		5.000.000	€	
	

 Zeitler	et	al.	Blood.	2005;105:2287-2293	
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Novel Prognostic Markers? 

Measurement of FVIII-binding IgG autoantibodies 
in AHA to overcome the shortcomings of the 
Bethesda Assay 

•  Influenced	by	intrinsic	pa@ent	FVIII	
•  Influenced	by	lupus	an@coagulants	
•  Influenced	by	an@coagulants	
•  Non-linear	assay	kine@cs	
•  Complex	technical	procedure	
•  High	intra-	and	inter-assay	variability	
•  High	inter-laboratory	variability		
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INTENDED USE: 
The ZYMUTEST anti-VIII, IgG, a qualitative or quantitative Monostrip ELISA kit, is a standardised and 

optimised enzyme immuno-assay designed for measuring auto and allo-antibodies to Factor VIII, of the 

IgG isotype, in human plasma or serum or in any biological fluid where auto-antibodies to FVIII can be 

present. 

ASSAY PRINCIPLE: 
The diluted plasma sample or biological fluid is introduced into one of the microwells of the 

Recombinant FVIII coated strip. When present, anti-VIII auto and allo-antibodies bind to immobilised 

FVIII. Following a washing step, bound antibodies, of the IgG isotype, are revealed with a goat anti-

human IgG (FcJ specific)-peroxidase conjugate, which reacts specifically with IgG isotypes. Following 

a new washing step, the peroxidase substrate, Tetramethylbenzidine (TMB) in presence of hydrogen 

peroxide (H2O2), is introduced and a blue colour develops. The colour turns yellow when the reaction is 

stopped with sulfuric acid. The colour developed is directly proportional to the amount of anti-VIII 
antibodies, of the IgG isotype, present in the tested sample. 

TESTED SAMPLES: 
� Trisodium citrate or Na2 EDTA anticoagulated human plasma or human serum. 

� Any biological fluid, where human auto-antibodies to FVIII, of the IgG isotype, must be assayed. 

REAGENTS: 
1. COAT: 4 strips of 8 wells (Micro ELISA), coated with recombinant Factor VIII, human, 

saturated, then stabilized; each strip is individually packed in an aluminium pouch hermetically 

sealed in presence of a desiccant 

2. SD: 2 vials containing 12 ml of Anti FVIII Sample Diluent, ready to use. Contains Sodium 

Azide. 

3. C+: 4 vials of anti-FVIII, IgG, positive Control, lyophilised. When restored with 0.5 ml of 
Autoimmunity Sample Diluent, the ready to use positive control is obtained (already diluted 

1:100). 

4. C-: 4 vials of negative control, lyophilised (diluted normal human plasma). When restored with 

0.5 ml of Anti FVIII Sample Diluent, the ready to use negative control is obtained (already 

diluted 1:100). 

5. IC: 4 vials of immunoconjugate (Anti-IgG (FcJ)-HRP immunoconjugate), affinity purified 

goat antibodies specific for human IgG-FcJ coupled to HRP, lyophilised. When restored with 2 

ml of Conjugate Diluent (CD), the ready to use immunoconjugate is obtained 

6. CD: 1 vial of 10 ml of Conjugate Diluent, ready to use. 

7. WS: 2 vials of 12 ml of 20 fold concentrated Wash Solution. 

8. TMB: 1 vial of 10 ml peroxidase substrate: 3,3',5,5' – Tetramethylbenzidine (TMB) containing 

hydrogen peroxide, ready to use. 

9. SA: One vial of 3 ml of 0.45M Sulfuric acid (Stop Solution), ready to use. 

Note: Use only components from a same kit lot. Do not mix components from different lots of kits, when running 
the assay. 

REAGENTS AND EQUIPMENT REQUIRED BUT NOT PROVIDED: 
x 8-channel or repeating pipette allowing dispensing 50-300 µl. 

x 1-channel pipettes at variable volumes from 0 to 20 µl, 20 to 200 µl and 200 to 1000 µl.  

x Micro ELISA plate washing equipment and shaker. 

x Micro ELISA plate reader with a wavelength set up at 450 nm. 

x Distilled water. 

REAGENTS PREPARATION, STORAGE AND STABILITY: 
In their original packaging box, before use, when stored at 2-8°C, the unopened reagents are stable 

until the expiration date printed on the box. 

1. Micro ELISA plate: open the aluminium pouch and take off the strips. Open as many pouches 

as needed 8 well strips. When out of the pouch, the strips must be used within 30 minutes.  

2. Anti FVIII Sample Diluent: It is ready to use. When open, it can be used for 4 weeks, stored at 
2-8°C, and provided that any bacterial contamination is avoided during use. This reagent 

contains sodium azide. 

Warning:  The Anti FVIII Sample Diluent contains sodium azide, which may react with lead and copper plumbing to 

form highly explosive metal azides. Flush with large volumes of water when discarding into a sink. 

3. Positive control: restore each vial with 0.5 ml Anti FVIII Sample Diluent in order to obtain the 

ready to use positive control. It corresponds to a plasma containing IgG isotype auto-antibodies 

to Factor VIII, already diluted 1:100. Following reconstitution, the positive control is stable for 2 
weeks at 2-8°C, provided any bacterial contamination is avoided during use. 

4. Negative control: restore each vial with 0.5 ml Anti FVIII Sample Diluent in order to obtain the 

ready to use negative control. It corresponds to a normal human plasma, already diluted 1:100. 

Following reconstitution, the negative control is stable for 2 weeks at 2-8°C, provided any 

bacterial contamination is avoided during use. 

Warning: Negative control is prepared with human plasma. Any human plasma used is tested with registered methods 

and found negative for HIV antibodies, HBs Ag and HCV antibodies. However, no assay may warrant the total absence 

of infectious agents. Any product of human origin must then be handled with all the required cautions, as being 

potentially infectious. 

5. Anti-IgG (FcJ)-HRP immunoconjugate: each vial must be restored with 2 ml of Conjugate 
Diluent. Let the pellet to be completely dissolved before use, and shake the vial gently in order 

to homogenize the content. The restored conjugate is stable for at least 24 hours at room 
temperature or for at least 4 weeks at 2-8°C. 

6. Conjugate Diluent: It is ready to use. When open, it can be used for 4 weeks, stored at 2-8 °C, 

and provided that any bacterial contamination is avoided during use. This reagent contains 

0.05% Kathon CG. 

7. Wash Solution: Incubate the vial for 15-30 minutes in a water bath, at 37°C, until complete 

dissolution of solids, when present. Shake the vial and dilute the amount required 1:20 in 

distilled water (the 12 ml contained in the vial allow to prepare 240 ml of Wash Solution). The 

Wash Solution must be stored at 2-8°C in its original vial and used within 4 weeks following 
opening. The diluted Wash Solution must be used within 7 days, when protected from any 

contamination. This reagent contains 0.05% Kathon CG. 

8. TMB substrate: It is ready to use. When open, it can be used for 4 weeks, stored at 2-8°C, 

and provided that any bacterial contamination is avoided during use. 

9. Stop solution: It is ready to use. 

Cautions: Sulfuric acid, although diluted to 0.45M is caustic. As for any similar chemical, handle Sulfuric acid with 

great care. Avoid any skin and eye contact. Wear protection glasses and gloves when handling. 

Note: Bring the kit at room temperature, at least 30 min. before use. Store the unused reagents at 2-8°C.  

The stability studies at 30°C show that the reagents can be shipped at room temperature without damage. 

PROCEDURE: 

Sample collection: 

Blood plasma (9 vol.) must be collected on 0.109 M citrate anticoagulant (1 vol.); plasma supernatant 

is decanted following a 15 min. centrifugation at 2,500 g; citrated plasma should be tested within 24 
hours or stored frozen at –20°C or below for up to 6 months, and thawed for 15 min. at 37°C just 

before use. Thawed specimen must be tested within 12 hours. EDTA collected human plasma may 

also be used. 

Auto-antibodies to Factor VIII can also be assayed on serum. 

Note: Refer to GEHT or NCCLS/CLSI recommendations for further instructions on specimen collection, handling and 

storage. Discard any plasma presenting an unusual aspect (haemolysed, lipaemic aspect….). 

Tested plasma or sample or control: 

Plasma or serum is tested at 1:100 dilution in Anti FVIII Sample Diluent. When high amounts of auto-

antibodies to Factor VIII are expected, samples must be assayed at 1:200 or 1:400 dilutions or higher. 

Results must be corrected for the dilution factor. 

Calibrator and negative control are ready to use (already diluted 1:100). 
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INTENDED USE: 
The ZYMUTEST anti-VIII, IgG, a qualitative or quantitative Monostrip ELISA kit, is a standardised and 

optimised enzyme immuno-assay designed for measuring auto and allo-antibodies to Factor VIII, of the 

IgG isotype, in human plasma or serum or in any biological fluid where auto-antibodies to FVIII can be 

present. 

ASSAY PRINCIPLE: 
The diluted plasma sample or biological fluid is introduced into one of the microwells of the 

Recombinant FVIII coated strip. When present, anti-VIII auto and allo-antibodies bind to immobilised 

FVIII. Following a washing step, bound antibodies, of the IgG isotype, are revealed with a goat anti-

human IgG (FcJ specific)-peroxidase conjugate, which reacts specifically with IgG isotypes. Following 

a new washing step, the peroxidase substrate, Tetramethylbenzidine (TMB) in presence of hydrogen 

peroxide (H2O2), is introduced and a blue colour develops. The colour turns yellow when the reaction is 

stopped with sulfuric acid. The colour developed is directly proportional to the amount of anti-VIII 
antibodies, of the IgG isotype, present in the tested sample. 

TESTED SAMPLES: 
� Trisodium citrate or Na2 EDTA anticoagulated human plasma or human serum. 

� Any biological fluid, where human auto-antibodies to FVIII, of the IgG isotype, must be assayed. 

REAGENTS: 
1. COAT: 4 strips of 8 wells (Micro ELISA), coated with recombinant Factor VIII, human, 

saturated, then stabilized; each strip is individually packed in an aluminium pouch hermetically 

sealed in presence of a desiccant 

2. SD: 2 vials containing 12 ml of Anti FVIII Sample Diluent, ready to use. Contains Sodium 

Azide. 

3. C+: 4 vials of anti-FVIII, IgG, positive Control, lyophilised. When restored with 0.5 ml of 
Autoimmunity Sample Diluent, the ready to use positive control is obtained (already diluted 

1:100). 

4. C-: 4 vials of negative control, lyophilised (diluted normal human plasma). When restored with 

0.5 ml of Anti FVIII Sample Diluent, the ready to use negative control is obtained (already 

diluted 1:100). 

5. IC: 4 vials of immunoconjugate (Anti-IgG (FcJ)-HRP immunoconjugate), affinity purified 

goat antibodies specific for human IgG-FcJ coupled to HRP, lyophilised. When restored with 2 

ml of Conjugate Diluent (CD), the ready to use immunoconjugate is obtained 

6. CD: 1 vial of 10 ml of Conjugate Diluent, ready to use. 

7. WS: 2 vials of 12 ml of 20 fold concentrated Wash Solution. 

8. TMB: 1 vial of 10 ml peroxidase substrate: 3,3',5,5' – Tetramethylbenzidine (TMB) containing 

hydrogen peroxide, ready to use. 

9. SA: One vial of 3 ml of 0.45M Sulfuric acid (Stop Solution), ready to use. 

Note: Use only components from a same kit lot. Do not mix components from different lots of kits, when running 
the assay. 

REAGENTS AND EQUIPMENT REQUIRED BUT NOT PROVIDED: 
x 8-channel or repeating pipette allowing dispensing 50-300 µl. 

x 1-channel pipettes at variable volumes from 0 to 20 µl, 20 to 200 µl and 200 to 1000 µl.  

x Micro ELISA plate washing equipment and shaker. 

x Micro ELISA plate reader with a wavelength set up at 450 nm. 

x Distilled water. 

REAGENTS PREPARATION, STORAGE AND STABILITY: 
In their original packaging box, before use, when stored at 2-8°C, the unopened reagents are stable 

until the expiration date printed on the box. 

1. Micro ELISA plate: open the aluminium pouch and take off the strips. Open as many pouches 

as needed 8 well strips. When out of the pouch, the strips must be used within 30 minutes.  

2. Anti FVIII Sample Diluent: It is ready to use. When open, it can be used for 4 weeks, stored at 
2-8°C, and provided that any bacterial contamination is avoided during use. This reagent 

contains sodium azide. 

Warning:  The Anti FVIII Sample Diluent contains sodium azide, which may react with lead and copper plumbing to 

form highly explosive metal azides. Flush with large volumes of water when discarding into a sink. 

3. Positive control: restore each vial with 0.5 ml Anti FVIII Sample Diluent in order to obtain the 

ready to use positive control. It corresponds to a plasma containing IgG isotype auto-antibodies 

to Factor VIII, already diluted 1:100. Following reconstitution, the positive control is stable for 2 
weeks at 2-8°C, provided any bacterial contamination is avoided during use. 

4. Negative control: restore each vial with 0.5 ml Anti FVIII Sample Diluent in order to obtain the 

ready to use negative control. It corresponds to a normal human plasma, already diluted 1:100. 

Following reconstitution, the negative control is stable for 2 weeks at 2-8°C, provided any 

bacterial contamination is avoided during use. 

Warning: Negative control is prepared with human plasma. Any human plasma used is tested with registered methods 

and found negative for HIV antibodies, HBs Ag and HCV antibodies. However, no assay may warrant the total absence 

of infectious agents. Any product of human origin must then be handled with all the required cautions, as being 

potentially infectious. 

5. Anti-IgG (FcJ)-HRP immunoconjugate: each vial must be restored with 2 ml of Conjugate 
Diluent. Let the pellet to be completely dissolved before use, and shake the vial gently in order 

to homogenize the content. The restored conjugate is stable for at least 24 hours at room 
temperature or for at least 4 weeks at 2-8°C. 

6. Conjugate Diluent: It is ready to use. When open, it can be used for 4 weeks, stored at 2-8 °C, 

and provided that any bacterial contamination is avoided during use. This reagent contains 

0.05% Kathon CG. 

7. Wash Solution: Incubate the vial for 15-30 minutes in a water bath, at 37°C, until complete 

dissolution of solids, when present. Shake the vial and dilute the amount required 1:20 in 

distilled water (the 12 ml contained in the vial allow to prepare 240 ml of Wash Solution). The 

Wash Solution must be stored at 2-8°C in its original vial and used within 4 weeks following 
opening. The diluted Wash Solution must be used within 7 days, when protected from any 

contamination. This reagent contains 0.05% Kathon CG. 

8. TMB substrate: It is ready to use. When open, it can be used for 4 weeks, stored at 2-8°C, 

and provided that any bacterial contamination is avoided during use. 

9. Stop solution: It is ready to use. 

Cautions: Sulfuric acid, although diluted to 0.45M is caustic. As for any similar chemical, handle Sulfuric acid with 

great care. Avoid any skin and eye contact. Wear protection glasses and gloves when handling. 

Note: Bring the kit at room temperature, at least 30 min. before use. Store the unused reagents at 2-8°C.  

The stability studies at 30°C show that the reagents can be shipped at room temperature without damage. 

PROCEDURE: 

Sample collection: 

Blood plasma (9 vol.) must be collected on 0.109 M citrate anticoagulant (1 vol.); plasma supernatant 

is decanted following a 15 min. centrifugation at 2,500 g; citrated plasma should be tested within 24 
hours or stored frozen at –20°C or below for up to 6 months, and thawed for 15 min. at 37°C just 

before use. Thawed specimen must be tested within 12 hours. EDTA collected human plasma may 

also be used. 

Auto-antibodies to Factor VIII can also be assayed on serum. 

Note: Refer to GEHT or NCCLS/CLSI recommendations for further instructions on specimen collection, handling and 

storage. Discard any plasma presenting an unusual aspect (haemolysed, lipaemic aspect….). 

Tested plasma or sample or control: 

Plasma or serum is tested at 1:100 dilution in Anti FVIII Sample Diluent. When high amounts of auto-

antibodies to Factor VIII are expected, samples must be assayed at 1:200 or 1:400 dilutions or higher. 

Results must be corrected for the dilution factor. 

Calibrator and negative control are ready to use (already diluted 1:100). 
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Hemophilia	A:	Results	from	the	GTH-AH	01/2010	Study.	Blood	2016,	in	press	

Immunoglobuline subclass typing of anti-FVIII 
autoantibodies 

•  The	autoimmune	response	in	AHA	is	oligo-/	polyclonal	and	
can	evolve	during	the	course	of	disease	

•  The	autoan@bodies	can	be	of	various	subclasses	and	can	have	
different	affinity	to	the	FVIII	domains	

•  One	pa@ent	can	have	an@bodies	of	more	than	one	subclass			

Novel Prognostic Markers? 
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Tiede	et	al.	Blood	2016,	in	press	

! 22!

Table&2&Ig&isotype&and&IgG&subclass&distribution,&titer&and&affinity&of&anti8FVIII&antibodies&in&81&patients&with&AHA.&

Screening!was!done!twice!at!a!dilution!of!1:20!and!considered!positive!(positive!screening),!if!at!least!one!test!yielded!a!differential!optical!
density!≥!cutoff.!Samples!with!positive!screening!were!subjected!to!titer!titration,!starting!at!a!dilution!of!1:20!and!continuing!with!1:2!dilution!
steps!(titer!in!positive!patients).!Only!samples!with!titers!≥1:80!were!subject!to!assessment!of!apparent!affinity.!If!samples!exhibited!a!bimodal!
affinity!distribution,!the!lower!KA#was!assigned!to!a!second!antibody!cluster.!
!

Isotype&or&subclass& Positive&screening! Titer&in&positive&patients& Apparent&affinity&(main&cluster)! Apparent&affinity&(second&cluster,&if&detected)&

& n!(%)! median!(IQR)! n,!KA![M
31]!–!median!(IQR)! n,!KA![M

31]!!–!median!(IQR)!

IgG1! 71!(88)! 1:640!(1:32031:2560)! 70,!1.4×1010!(0.8×101034.2×1010)! 15,!7.5×107!(4.5×10739.4×107)!

IgG2! 62!(77)! 1:80!(1:4031:320)! 40,!1.9×109!(1.0×10933.2×109)! 2,!5.7×107!(4.8×10736.6×107)!

IgG3! 33!(41)! 1:80!(1:4031:320)! 19,!1.3×1010!(0.5×101031.8×1010)! 5,!9.7×107!(6.8×10739.9×107)!

IgG4! 79!(98)! 1:5120!(1:128031:20480)! 77,!5.8×1010!(2.4×101031.3×1011)! 6,!3.8×109!(2.9×10935.2×109)!

IgA! 37!(46)! 1:80!(1:4031:160)! 18,!1.7×109!(0.9×10934.6×109)! 8,!5.4×107!(4.6×10735.5×107)!

IgM! 7!(9)! 1:80!(1:4031:80)! n/d! n/d!

Abbreviations:!IQR,!interquartile!range;!KA,!affinity!constant;!n/d,!not!determined.!

!

! &

Ig subclasses in AHA 
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Anti-FVIII Isotypes vs. Inhibitors 

Medical University of Vienna P.Knoebl, 2016 

Influence of anti-FVIII IgA  
on outcome 

Isotype/Subclass	 PR	 		 CR	 		
		 HR	(CI)	 aHR	(CI)	 HR	(CI)	 aHR	(CI)	
IgG4	

•  nega@ve	(n=2)	

•  ≤median	(≤1:5120,	n=44)	

•  >median	(>1:5120,	n=35)	

		

1	

0.69	(0.16-2.87)	

0.43	(0.10-1.84)	

		

--	

--	

--	

		

1	

0.30	(0.07-1.29)	

0.30	(0.07-1.28)	

		

--	

--	

--	

IgA	

•  nega@ve	(n=44)	

•  ≤median	(≤1:80,	n=24)	

•  >median	(>1:80,	n=13)	

		

1	

0.66	(0.38-1.15)	

0.57	(0.29-1.15)	

		

--	

--	

--	

		

1	

0.47	(0.24-0.89)*	

0.15	(0.05-0.50)**	

		

1	

0.46	(0.23-0.93)*	

0.15	(0.04-0.55)**	

Multivariate Cox regression model with adjustment for baseline FVIII:C, inhibitor, gender, age, 
underlying disorder and WHO performance status 

Tiede	et	al.	Blood	2016,	in	press	
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Tiede	et	al.	Blood	2016,	in	press	

Multivariate analysis 

Medical University of Vienna P.Knoebl, 2016 

Anti-FVIII IgA as a Marker for Recurrence 

IgA negative 

IgA positive 
≤ median 1:80 

IgA positive 
> median 1:80 

PR CR 

Overall survival Recurrence-free survival 

Tiede	et	al.	Blood	2016,	in	press	
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Conclusion 

§  Prognostic markers were established for remission, 
recurrence, and overall survival 

§  Infection-related mortality is still high 

§  Immunosuppressive regime needs improvement 

Medical University of Vienna P.Knoebl, 2016 

How to reduce IST toxicity 

•  Reduce steroid exposure 
–  Dexamethason pulse therapy on days 1 and 8 

•  Reduce duration of immunosuppressive therapy 

•  Replace cytotoxics with other, less toxic immunomodulators 
–  MMF, bortezomib 

•  Go for trials with front-line rituximab 

•  Treat good-risk patients less intensely 
–  Steroids only +/- FVIII concentrates when FVIII >1% or titer <20 BU/ml 

•  Treat poor-risk patients more intensely 
–  Rituximab +/- cyclophosphamide from day 1 if FVIII:C <1% 

•  Develop variant immunotolerance protocols 

•  New treatment goals for IgA patients 


