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*in high-income countries  

Strikingly high impact 
on costs 
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L’induzione di immuno-tolleranza (ITI)  
consente di eradicare o ridurre la produzione  

di alloanticorpi inibitori anti-FVIII,  
ripristinando la terapia sostitutiva standard, 

efficace e sicura, con concentrati di FVIII 

Esposizione ripetuta e protratta nel tempo 
(a dosi più o meno elevate) all’antigene 
verso il quale gli anticorpi sono diretti 



 
 

• 1.5-yr child; severe bleeding in the right shoulder, arm 

and chest; inh titer >500 BU/ml 

• Treatment with high-dose FVIII (100 IU/Kg every 12 

hours) and prothrombin complex concentrate.   

• Control of  bleeding.  

• Three weeks later: inh 40 BU/ml. 

• Treatment (aPCC 50 IU/Kg bid) in other patients. Despite 

initial inhibitor boosting in some, decrease of  inhibitor 

titer was recorded in all patients and continuation of  

treatment resulted in inhibitor eradication.  

 



Different regimens, same results… 

Coppola et al, Br J Haematol, 2010 
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Registri ITI: pazienti 

Registro Età all’ITI 
 anni 

Internazionale   IITR 
Mariani 2001, n=314 

13  (1-64) 
(mediana) 

Nordamericano  NAITR 
DiMichele 2009, n=164 

9.3 (0.1-64) 
(media) 

Tedesco  GITR 
Lenk 2000, n=126 

14.1  
(media) 

(2/3 ‘young children’) 

Spagnolo 
Haya 2001, n=37 

7 (0.6-57)  
(mediana) 

 

PROFIT 
Coppola 2009, n=103 

5.6 (0.3-58.5)  
(mediana) 



Registro Internazionale ITI 
 

Fattori associati a successo        p 
____________________________ 
 
•  Titolo pre-ITI <10 BU/ml        .03 
•  Picco storico <200 BU/ml      .01 
• Tempo tra ITI e diagnosi 
   di inibitore < 5 anni              .0001 
• Dose FVIII > 100 UI/Kg          .001 
• Età < 20 anni                           . 005 

Mariani & Kroner, Haematologica 2001 

Definizione di 
‘good-risk patients’  

Peak historical titer  < 200 BU/ml 
Pre-ITI titer > 10 BU/ml 

ITI < 5 yrs since inh diagnosis 
DiMichele et al, Haemophilia 2007 

Profilo prognostico favorevole  



ITI clinical experience and research  

 

Brackmann & Gormsen,  

Lancet 1977, 2: 933. 

Cohort studies 

National and 

International 

Registries 

Randomized 

trials   

1980                 1990                      2000                  2010  

Bonn protocol 

Malmö protocol 

Dutch protocol 

Low/intermediate 

dose protocols 

 

IITR 

NAITR 

GITR 

Blood, 2012:119(6)1335-1344 

n = 1  



2014 



ITI: the first choice of  treatment  

in inhibitor patients 
Grade B 
Level IIb  

Br J Haematol 2006; 133:591-605 





The most recent  recommendations 

Irrespective of age and inhibitor titer 



Blood Transfusion 2014;12:575-98 



How many inhibitor patients do undergo ITI ? 

INHIBITOR  PATIENTS 

 

ITI  ? 

• Literature provides data mostly on treated patients 

• NAITR: 188 / 518 (36%) inhibitor patients (1992-1999)             
DiMichele & Kroner, Thromb Haemost 2002 

• PROFIT: 88 / 149 (59%) inhibitor patients (1996-2010) 
– 65 / 74 children < 14 yrs  (88%) 
– 23 / 75  patients > 14 yrs (31%)  
Coppola et al, Blood Transfusion 2011 

 



Wait  until  inhibitor  titer 

< 10 BU  (level II b) 

 

  wait is usually short  (median 5.5 mo°) 

   close surveillance of  inh titer  

   avoid  FVIII  exposure (anamnesis):   
           rFVIIa, consider prophylaxis* 

  even lower titers^ 

°good risk patients, Hay & Di Michele, 2012 

*Santagostino et al, 2012, Valentino 2015 

^ DiMichele et al, 2002; Hay  et al, 2006;   

Coppola et al, 2009 



Start  regardless  of   inh  titer  
> 10 BU  (level IV) 

 

Persisting  inh  titer  > 10 BU 

       > 1 – 2 yrs  (lower success rates when ITI 
started > 5 yrs  since inh diagnosis)* 

Severe / life or limb- threatening 

        bleeding 

*Mariani & Kroner, 1999 



  





Fattori prognostici di successo nei Registri ITI 
Variabile IITR NAITR GITR SITR PROFIT 

Successo (%) 

Età all’ITI (range) 

50.9 

13 (1-64) 
(mediana) 

63* 

9 (0.1-64) 
(media) 

76* 

14       
(media) 

63.4 

7 (0.6- 57) 
(mediana) 

52 

6 (0.3-58.5) 
(mediana) 

Età al trattamento .005 
.008 

 
.06 

 
.55 

 
n.s. 

 
n.s. 

Intervallo  diagnosi 
inibitore - inizio ITI 

.0001 
- 

 
.4 

 
.85 

 
n.s. 

 
n.s. 

Picco storico 
inibitore 

.01 

.04 
 

.05 
 

.0012 
 

.02 
.007 
.56 

Titolo pre-ITI  
(<10 BU/ml) 

.03 

.04 
 

.005 
n.r.  

.03 
 

<0.001 

Picco inibitore 
durante ITI 

n.r.  
.0001 

n.r. n.r.  
<0.001 

Dose FVIII alta   .001 
 .03 

bassa 
.01^ 

    n.r.° bassa 
.01 

n.s. 

IITR: Registro Internazionale; NAITR: Registro Nordamericano; GITR: Registro Tedesco; SITR: Registro Spagnolo;  

PROFIT: Registro Italiano; *negli emofilici A gravi. Nelle caselle sono riportate le p univariate (sopra) e/o multivariate  



TIME INTERVAL 
INH DIAGN. – 
ITI (mo.) 

 1 1-6  6-12 
 

12-24 >24 

   n 12 16 22 40 48 

SUCCESS, n 
(%) 

4 
(33) 

12 
(75) 

11 
(50) 

14 
(35) 

29 
(61) 

<10 BU  
at ITI start  
(% of success) 

3/4 
(75) 

9/12 
(75) 

9/11 
(82) 

13/14 
(93) 

26/29 
(89) 

No significant impact of time between inh diagnosis and ITI start on success 

Trend to greater effect of inh titer at ITI start in delayed ITI 



Coppola et al , J Thromb  Haemost 2009; Coppola et al, ISTH 2015 
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59 (54%) 

81 (74%) 

n=137 

success Non success P univariate 
OR (95% C.I.) 

Titer at ITI start 

        < 10 BU/ml 
        <  5 BU/ml 

2.4 (0-56) 

49 (87%) 

42 (72%) 

7.3 (0-200) 

30 (58%) 

17 (33%) 

<0.0001 
5.1 (1.7-15.2) 
6.3 (2.3-14.3) 

P, log. regr.  
OR (95% C.I.) 

<0.0001 
- 

11.2 (3.2-35.4) 



The dose issue depends on inhibitor titers  

IITR and NAITR, metanalysis 

n=278  

Kroner, Vox Sang 1999 

NAITR, influence of  FVIII 

dose and ITI outcome 

DiMichele, 
Haemophilia, 2009 



  Inclusion Criteria  

Severe, HR inhibitors 

 age < 8 yrs at ITI start 

 Inhibitor diagnosis <  24 mo.  

     prior to ITI start 

 Inh titer <10 BU at ITI start  

 Historical inh peak  200 BU 
  

 First ITI course  

 Stable venous access 

 Informed consent 

International ITI Study - Hay & DiMichele  (2002-2009) 

Good-risk patients,  level IIb 

<5 yrs 

since 

diagn. 



ITI outcome and predictors of success 

Hay & Di Michele, Blood, 2012 

With the high-dose regimen 

shorter median time to achieve: 
Negative titer (4.6 vs 9.2 mo, p=0.027) 

Normal recovery  (6.9 vs 13.6 mo, p=0.002) 

but not 

Tolerance (10.6 vs. 15.5 mo, p=0.116, ns) 

 

Predictors of  success Similar success rate:  70% 



Bleeding episodes during ITI 

N of bleeds 
 

Low-dose  High-dose HR (95% CI) , p 

All  ITI 684 (n=58) 282 (n=57) 2.2 (1.34-3.62)   0.0019 

To  neg BU 573 (n=58) 241(n=57) 2.27 (1.29-4.01)  0.0046 

To N IVR 47 (n=27) 4 (n=23) 3.4 (0.84-13.8)   0.088 

To  N T1/2 9 (n=24) 3 (n=22) 5.18 (0.71-38.0)  0.110 

prophylaxis 54 (n=24) 32 (n=22) 1.70 (0.80-3.63)  0.170 

Mean bleed rate 
(bleeds/mo) 

Low-dose High-dose p 

To  neg BU 0.623 0.282 0.00024 

To  N IVR 0.127 0.087 0.283 

To   N  T1/2 0.150 0.033 0.552 

prophylaxis 0.175 0.102 0.112 
Hay & Di Michele,  

Blood, 2012 





Good-risk patients 

No  dosing  regimen  demonstrated  

superior  to  another 

 

Safety concerns  suggest  to avoid 
low-dose regimens*  (level  Ib) 

       Efficacy and safety of  commonly used, 
daily intermediate dose regimens  (100 
IU/Kg vs. high-dose (200 IU/Kg)  ?  

*particularly in good-risk patients; Hay & DiMichele, Blood 2012 
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All patients treated with the Bonn protocol 

Strategy of starting and conducting ITI unchanged 

Similar definitions of ITI outcomes 

Bonn and Bremen 

Frankfurt 

Kreuz et al, Haematologica, 2001 

Auerswald et al, Haematologica, 2003 

Which type of FVIII product ? 

the German ITI experience  



 

Di Minno & Coppola, 2011 



A COMPLEX,  MULTIFACTORIAL   ANALYSIS… 
TAKING  INTO  ACCOUNT  THE  PATIENTS’  PROGNOSTIC PROFILE… 

Coppola et al, Br J Haematol, 2010 



 

No definite data support  superiority of  any FVIII 
product    (level IIb) 

 

Most patients achieve tolerance with same 
product in use at time of  inh detection  (level IIb) 

Rocino et al, Blood Transfus 2014 





Searching for new predictors:  FVIII genotype 

n=86 

Low-risk (non-null) mutations 
High-risk (null) mutations 

Time to success 
non-null vs  

null mutations 

RR (95% CI)  
2.4 (1.2-4.9)   

p=0.01  



Data on relapse 

Study 

Mauser-Bunschoten, 1995 

Kucharski, 1996 

Batlle, 1999 

Unuvar, 2000 

Rocino, 2006 

Antun, 2015 
 

NAITR, Di Michele, 2000 

IITR, Mariani, 2001 

PROFIT, Coppola, 2009 

 

Follow-up 

8.25 y 

8.5 y 

nd 

nd 

5.3 y 

1.6 y 
 

1-9 y 

1-15 y 

4.3 y 

n (%) 

1/21 (4.7) 

0/5 (0) 

1/9 (11.1) 

1/8 (12.5) 

1/26 (3.8) 

20/64 (31.3)^ 
 

9/103 (8.7%)° 

6/128 (4.7%)* 

2/58 (3.5%) 

C 
O 
H 
O 
R 
T 

R 
E 
G 
I 
S 
T 
R 
Y 

^at least 1 inh titer 0.6 BU/ml     *estimated risk of relapse at 15 yrs: 15% 

°only in 1 tolerance defined with normal half-life and in 4 with normal recovery 

  



Definitions of  ITI  outcomes 

Hay & Di Michele,  

Blood, 2012 

2 Int. Conference on  

Immune Tolerance  

Therapy, Bonn 1997  

(unpublished) 



Definition of  outcome: evolving concepts 

Collins et al, UKHCDO, Br J Haematol 2012 
Kreuz et al, OBSITI, Haemophilia 2015 



Immunomodulation/suppression 

• No role as first-line component 
of ITI for immunoabsorption 
(level IIb). 

• Consider adding rituximab or 
other immune-modulating 
agent to the current regimen in 
the case of incomplete or lack 
of response 

 

 

 

 

• Rituximab: metanalysis, 
Franchini et al, 2009 

• Immunoabsorption might be 

considered in patients with high 

inh titer at ITI start (grade B, level 

III) 

 

• Immunosuppression should be 

considered in association with ITI 

only in patients with high-titer, 

long-standing inh, unresponsive to 

other treatments (potential side 

effects)  
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Cost of  treatment (€/patient-mo) 

Cost-utility of inhibitor treatment 
ITER Study  n=71 

Success rate: 84.5% 

Median age 3.8 yrs  

Rocino et al,  
Haemophilia 2015 

Earnshaw et al,  
Haemophilia 2015 

Pre-ITI 

ITI 

1-yr post-ITI 

Cost of  inhibitor patient: 

18000/yr 

Cost of  ITI buffered in  

3.3 to 13.2 yrs 

Modello decisionale 
ITI: -77% bleeding vs. BPA OD 
4.3 yrs higher life expectancy 

4.3 and 9.9 QALY vs. BPA 
prophylaxis and OD 





Children with inhibitors 

 

Pros   

 

 

  Recent-onset inhibitor 

 

  No (or minimal) joint damage 
 

 

 

 

  ITI: optimal clinical  target  

and cost-utility ratio 
   

Cons 
 

 

  High actual inh titer  wait   

 

  Frequent  ‘danger signals’  

 

  Venous access, education, 

adherence.  



Adults with inhibitors 
 

Pros   

 

 Low-titer inhibitor 

 

 Usually no venous access problems 

   Cons 
 

  Long-standing inhibitors 

 

  Psychological resistance 

and perceived poor prognosis 

 

  Higher costs    

 

ITI: assessment of  individual  

cost-utilty ratio (bleeding tendency, 

co-morbidities, quality of  life,  

need for orthopedic surgery) 
 

 

  Established, often severe joint damage 

 

  Risk of  severe (even fatal) bleeding 
 



 
 

• 1.5-yr child; severe bleeding in the right shoulder, arm 
and chest; inh titer >500 BU/ml 

• Treatment with high-dose FVIII (100 IU/Kg every 12 
hours) and prothrombin complex concentrate (aPCC not 
available at that time in Germany). 

• Control of  bleeding. Three weeks later inh 40 BU/ml. 

• Treatment (aPCC 50 IU/Kg bid) in other patients. Despite 
initial inhibitor boosting in some, decrease of  inhibitor 
titer was recorded in all patients and continuation of  
treatment resulted in inhibitor eradication.  

 



The need for large, modern  

prospective studies 

both retrospective-prospective  

and established in 2005  

26 countries 

26 centers 



 

Do inhibitors clear spontaneously ? 
 

 Retrospective reports of  spontaneous clearance   
 

  62/101 (61%) LR and 8/79 HR (10%) inhibitors within 6 

months   Tagariello et al, J Hematol Oncol 2013 

 5/9 (56%) LR and 1/29 HR (3%) inhibitors                       

    Caram et al Thromb Haemost 2011 

 

  Prospective data in rFVIII trials: transient inhibitors 

 

 Study HR inhibitors  (%) LR inhibitors  (%) 

Rotschild 2000, Recombinate 0/7 (0) 5/15 (33) 

Lusher 2004, Kogenate 1/6 (9) 6/8 (75) 

Lusher 2003, Refacto 1/12 (8) 8/20 (40) 

Kreuz 2005, Kogenate Bayer 0/5 (0) 2/4 (50) 

Auerswald 2012, Advate* n.a. 1/4 (25) 

All 2/30 (7) 22/51 (43) 

*for those not undergone ITI  



Il paziente con inibitore: 

      compromissione stato articolare e qualità di vita 

 

Gruppo A: pazienti inibitore HR 14-35 anni 

Gruppo B: pazienti inibitore HR 36-65 anni 

Gruppo C: pazienti senza inibitore 

 

Morfini et al, ESOS, Haemophilia 2007 EQ-5D 



AGE AT ITI 
START (yr.) 

 8 8-14  14-25 
 

>25 

   n 82 14 16 25 

SUCCESS, n 
(%) 

43 
(52) 

7 
(50) 

7 
(44) 

13 
(52) 

<10 BU  
at ITI start  
(% of success) 

35/43 
(81) 

6/7 
(86) 

6/7 
(82) 

11/13 
(85) 

No significant impact of age at ITI start on success 

The large majority of successful ITI started with low inh titers 


