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Achievements of haemophilia treatment 
in the III millennium 

Safe plasma-derived and 
recombinant concentrates 

largely available  
(in high-income countries) 

Diffusion of prophylaxis 
Home Treatment 

Minimal joint disease in young 
generations on early prophylaxis 
Benefits and improved quality of 
life even in adults on late prophy. 

Life expectancy:  
>70 yrs (Italy, NL) 



 FVIII on 
demand  or 
 prophylaxis 

Effective and safe 
standard  
of care 

Satisfactory 
QoL 

INHIBITOR 

↑  bleeding risk  

↓  efficacy of treatment 

↑  morbidity 
 ↑  severity of arthropathy 

Worse QoL 

Preserved  
Joint status 

Higher mortality ? 

Prolonged life 
exepctancy 

 TREATING HEMOPHILIA IN THE III MILLENNIUM*   

Gringeri et al, 2003; UKHCDO,  2004 
Scalone et al, 2006; Morfini et al, 2007 

Knight, 2009; Di Minno, 2010 

 Manco-Johnson et al, 2007 
 Gringeri et al, 2011 
Gringeri et al 2001 

Tagliaferri et al, 2010 

*in high-income countries  

Strikingly high impact 
on costs 



Il paziente con inibitore: 
      compromissione stato articolare          

A: inibitore HR  
14-35 anni 
B: inibitore HR  
36-65 anni 
C: no inibitore 

Morfini et al, ESOS,  
Haemophilia 2007 



Il paziente con inibitore: 
      compromissione stato articolare e        qualità di vita 

A: inibitore HR  
14-35 anni 
B: inibitore HR  
36-65 anni 
C: no inibitore 

Morfini et al, ESOS,  
Haemophilia 2007 

EQ-5D 

Rocino  et al,   
Haemophilia 2016 



La sfida terapeutica  nella gestione 
del paziente con inibitori 

• Priorità: eradicare l’inibitore 
– ITI 

 



 FVIII on 
demand  or 
 prophylaxis 

Effective and safe 
standard  
of care 

Satisfactory 
QoL 

Preserved  
Joint status 

Prolonged life 
exepctancy 

 TREATING HEMOPHILIA IN THE III MILLENNIUM   

 Manco-Johnson et al, 2007 
 Gringeri et al, 2011 
Gringeri et al 2001 

Tagliaferri et al, 2010 

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 



Immune Tolerance Induction (ITI) 

• The only approach proven to eradicate/reduce 
neutralizing inhibitors, in order to restore standard 
FVIII treatment. 

• Heterogeneous regimens of frequent, 
uninterrupted exposure to FVIII, over a period of 
months to years, successful in 50-80% of cases 

• 40 years of clinical experience,  only one RCT 
available. 



• Who should receive ITI 
• When should ITI be started 
• What is the appropriate ITI regimen 
• Predictors of ITI outcome 

 

Many (±) knowledge gaps 



Blood Transfusion 2014;12:575-98 



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 
‘poor-risk patients’  

Peak historical titer  >200 BU/ml  
and/or 

Pre-ITI titer > 10 BU/ml  and/or 
> 5 yrs since inh diagnosis 

DiMichele et al, Haemophilia 2007 

Adulti: prognosi sfavorevole ? 



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  



Late/adult ITI 

N=20, >18 yrs 
Success 13 (65%) 
+ 5 partial (25%) 

N=9, median age 18 yrs 
Success 4 (44%) 
+ 3 partial (25%) 



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 
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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 



  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 



n=40 



• Good prognosis patients:  
– High-dose regimen should be preferred for safety 

concern (I-ITI Study) 
– Comparable success with lower dose (100 IU/Kg/d) 

regimens (metanalysis IITR/NAITR, cohort studies), but 
relative effects on bleeding poorly known; possible 
adoption in patients who bleed unfrequently and 
increase of dose if severe/frequent bleeds occur 

• Poor prognosis patients: Cohort studies and registries 
suggest better outcomes with high-dose regimens 



Earnshaw et al, Haemophilia 2015 

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 

Cost-utility of inhibitor treatment 



La sfida terapeutica  nella gestione 
del paziente con inibitori 

• Priorità: eradicare l’inibitore 
– ITI 

 

• In attesa di eradicare l’inibitore o se insuccesso 
dell’ITI: limitare i danni e migliorare la QoL 
– Ottimizzare il trattamento e la prevenzione delle 

emorragie   

 



Low-Responding High-Responding  

Immune 
Tolerance Induction 

(ITI) 

INHIBITOR 

by-passing 
agents 

on demand -  
prophylaxis 

 FVIII dose 

 FVIII on demand  
or prophylaxis 

Success Failure 

 FVIII on demand  
or prophylaxis 



Resting platelet 

thrombin 

II X IX 

IXa 

thrombin 

VIII/vWF        

VIIIa 

V          

Va 

XI          

XIa 

II 

Xa   Va 

X 

TF-bearing cell 

VIIIa  Xa   Va 

VIIa 

TF 

VIIa 

TF 

APCC 

XIa 

rFVIIa 

BYPASSING AGENTS 



Cochrane Database Syst Rev. 2010 Aug 4;(8):CD004449 



  Effective or partially effective  

2 h 6 h 12 h 24 h 36 h 48 h 

FEIBA 75.0% 80.9% 80.0% 95.3% 100% 97.6% 

 
rFVIIa 60.4% 78.7% 84.4% 85.7% 90.2% 85.4% 

 
Discordant 
Episodes 

43.8% 31.9% 31.9% 19.1% 9.8% 17.1% 

48 patients, age > 2 yrs, treated within 4 hrs from onset of symptoms 
2 episodes differently treated in each patient  

Statistical requirements for equivalence not satisfied 
Higher than expected discordant outcomes with the different treatment 

Astermark et al, Blood 2007 

FENOC Study 
aPCC  75-100 IU/kg (target 85 IU/kg), single IV bolus  vs. 
rFVIIa 90-120 µg/kg (target 105 µg/kg) IV bolus repeated after 2 hours 



Bypassing agents 

Thrombotic risk  

Plasma origin 

Home treatment (large volume, 30-45 
min to administer)  
Risk of anamnestic response 

Long dosing interval 

Optimal monitoring? 

No anamnestic response 

Home treatment 

Short dosing interval 

Recombinant product 

APCC  
 Licensed dosage:   

50-100 U/Kg every 6-12 h  
(Max. 200 U/Kg/day) 

rFVIIa 
 Licensed dosages:  

90-120 µg/Kg every 2-3 h  
270 µg/Kg single dose 

Thrombotic risk  

Optimal monitoring? 

INDIVIDUAL RESPONSE TO TREATMENT 

Can be associated with tranexamic acid  Association with tranexamic acid ? 



Open issues in the management of 
bleeding in inhibitor patients… 

10-20% of bleeds not satisfactorily treated 
20-40% discordant clinical responses 
 

Optimization of first-line treatment 
– Early 
– Intensive 
– Patient general education  

 

 Prophylactic regimens…  
– Reduce bleeding frequency and severity 
– Reduce / delay joint damage ???  



Prophylaxis with bypassing agents 
Prospective randomized studies 

 rFVIIa 
Konkle et al, 2007 

n=22 

APCC 
PRO-FEIBA, 2011 

n=26 

APCC 
PROOF, 2013 

n=36 

Design Double-blind, parallel 
group trial 

Open-label, cross-over 
trial (intra-individual 

comparison 

Open-label, 2-arm, 
parallel trial (inter-
individual compar.) 

Treatment 90 µg/Kg /d vs. 
270 µg/Kg/d 

85 ± 15 IU/Kg x3/wk vs. 
on demand 

85 ± 15 IU/Kg e.o.d. 
(n=17) vs. on demand 

(n=19) 

Follow-up 3 mo  (vs. 3 mo pre 
and post-prophyl.) 

6 mo each treatment      
(3 mo wash-out) 

12 mo 

Age, yrs (range)  15.7 (5.1-56.5) 28.7 (2.8-62.8) 23.5 (7-56) 

Bleeding criteria for 
enrolment 

≥ 12/3 mo ≥ 6 / 6 mo ≥ 12 /12 mo 



Results from randomized studies 
rFVIIa 

Konkle et al, 2007 
n=22 

APCC 
PRO-FEIBA, 2011 

n=26 

APCC 
PROOF, 2013 

n=36 

Bleeding rate on 
demand (/mo) 

5.6  /   5.3 13.1 28.7 

Bleeding rate on 
prophylaxis (/mo) 

3  /   2.2 5.0 7.9 

Reduction on 
prophyl % 

45%    59% 62% 72.5%  

↓ bleeding rate in 
target joints 

43%    61% 72% 75%  

Other results Benefit lasting during 3 
mo post-prophyl 

62% of patients with ↓ 
of bleeding rate >50% 

(overall 84%);  in 23% 0 
bleeds 

↓ New target joints 
26% additional 

reduction last 6 mo vs 
first 6 mo 

LACK OF DATA ABOUT LONG-TERM OUTCOMES!!!  



Improvement of HRQoL 

Hoots et al, Haemophilia 2008 

rFVIIa, pts from Konkle Study 

Gringeri et al, Haemophilia 2013 

APCC, pts from PRO-FEIBA 

EQ-5D mean VAS 

Diff. SF-36 dimensions 

Light grey: post- pre OD 
Dark grey: post-pre prophyl. 



La sfida terapeutica  nella gestione 
del paziente con inibitori 

• Priorità: eradicare l’inibitore 
– ITI 

• In attesa di eradicare l’inibitore o se insuccesso 
dell’ITI: limitare i danni e migliorare la QoL 
– Ottimizzare il trattamento e la prevenzione delle 

emorragie  

• Nuove strategie ? 



Semin Thromb Hemost 2016, in press 



Intrinsic system 

FIXa 
FVIIa FVII 

FVIIIa 

Extrinsic system 

FVa FV 

FX 

FXa 

Fibrinogen Fibrin 

Thrombin 

HemophiliaB  

Hemophilia A 

Prothrombin 

FIX 

FVIII 

Blood clot 

AT 

TFPI 

Other Therapeutic approaches: Inhibiting natural Anticoagulant Pathways  

Sehgal A et al, Nature Med. 2015; 21: 492-7 

Non-replacement strategies  



The bispecific FVIII-mimetic antibody 

hBS23, Kitazawa et al, Nat Med 2012 
Improved variant, ACE910, Muto et al, J Thromb Haemost 2014 

Long half-life 

s.c. injection 



New targets to restore clotting 

Tissue factor 
pathway inhibitor Antithrombin FIXa–FX 

interaction 

Emicizumab Fitusiran Concizumab 

Company 

Stage of 
development 

Main                               
characteristic 

Chugai 
Pharmaceuticals/ 

La Roche Hoffman  

NovoNordisk  
Alnylam 

Pharmaceuticals/ 
 Sanofi Genzyme 

Phase II/III  Phase III  FDA, EMA 
Approved   

SC  
administration 

SC  
administration 

SC  
administration 



HAVEN 1: phase III   https://clinicaltrials.gov/ct2/show/NCT02622321  

Primary efficacy (treated bleeds):  
24 weeks 

Primary Endpoint:  
Emicizumab prophylaxis (Arm A) vs no prophylaxis (Arm B)  Reduction in treated bleed rate at 24 weeks 

Secondary Endpoints: 
Emicizumab prophylaxis (Arm A) vs no prophylaxis (Arm B)  (1) Reduction in bleed rates all bleeds (both treated 
and not treated with BPAs), treated spontaneous, joint, and target joint bleeds at 24 weeks (2) Haem-A-QoL (adults) at 25 
weeks (3) EQ-5D-5L score at 25 weeks 
Emicizumab prophylaxis (Arms A, C)  Reduction in treated bleed rates compared with patient’s historical bleed rate 
(last 24 weeks prior to study entry) 

EMICIZUMAB  
n=35 (NIS n=24) 

Stratified 
by number of bleeds  

(<9 or ≥9) over 
last 24 weeks 

2:1 
PRIOR 
EPISODIC 
BPA 

PRIOR  
PROPHY BPA 

EMICIZUMAB 

NO PROPHYLAXIS 
n=18 (NIS n=11)  

EMICIZUMAB 
n=49 (NIS n=24) 

PRIOR  
EPISODIC BPA 

EMICIZUMAB  
 n=7 (NIS only) 

PwHAwI 
≥12 years of age (N=109) 

Arm A 

Arm B 

Arm C 

Arm D § 

EMICIZUMAB 

PwHAwI 
(non-NIS) 

PwHAwI 
from non-interventional 

study (NIS) [N=66]  

EMICIZUMAB 

EMICIZUMAB 

Arm A 

Arm B 

Arm C 

Arm D § 

https://clinicaltrials.gov/ct2/show/NCT02622321


 
Annualized Bleeding Rate* for Study Arms A, B, and C 

*Calculated using negative binomial regression model.  

87% Reduction in ABR 
(RR, 0.13; P<0.0001) 

Patients previously received  
episodic BPAs 

Patients previously received  
prophylactic BPAs 

All bleeds 

Treated bleeds (with bypassing agents) 

Treated spontaneous bleeds  

Treated joint bleeds 

Treated target joint bleeds 



Thromboembolic SAE  in HAVEN 1 

■ Serious thrombotic and TMA  events were seen when aPCC was administered at 
repeated doses (>100 U/kg/day on average for ≥24 hours) to treat breakthrough 
bleeds during emicizumab prophylaxis. 
■ No serious TE or TMA events occurred with emicizumab alone or when rFVIIa alone 
was used for breakthrough bleed treatment. 

Event Received 
BPA prior to 

event? 

Anti-
coagulation 

Resolution Additional 
treatment 

Restarted 
emicizumab 

Thrombosis #1* aPCC No Resolved Supportive care only Yes 
Thrombosis #2** aPCC No Resolving Supportive care only No 

TMA #1 aPCC/rFVIIa N/A Resolved Plasmapheresis No 

TMA #2 aPCC N/A Resolved Supportive care only Yes 
TMA #3 aPCC/rFVIIa N/A Resolving*** Plasmapheresis No 

***Patient treated for rectal hemorrhage, which was eventually fatal;  
death was deemed unrelated to emicizumab 

*   Cavernous sinus thrombosis 
**  Skin  necrosis-superficial thrombophelebitis 

Oldenburg J et al. NEJM 2017 



*Two patients also received rFVIIa prior to/during the event 
Updated data cutoff – April 21, 2017, including 8 additional patients 

HAVEN 1: Assessment of interaction between 
emicizumab and aPCC 

• Third TMA event occurred after primary data cut-off; patient also experienced fatal rectal 
hemorrhage, considered unrelated to emicizumab, patient refused blood products and TMA 
was resolving at the time of aPCC cessation.  

111 inhibitor patients 
treated with 
emicizumab 

20 patients 
treated with  

aPCC 

37 patients treated with 
rFVIIa 

140 treatment episodes 

52 treatment 
episodes 

No TMA or TE 

5 treatment 
episodes 

No TMA or TE 

8 treatment 
episodes  

5 events of 
TMA/ 

thrombosis* No TMA/TE with 
emicizumab + rFVIIa 

treatment alone 

13 treatment 
episodes 

No TMA or TE 

≤100 U/kg/day  >100 U/kg/day  

<24 hours 

≥24 hours 

78 treatment 
episodes 

Oldenburg J et al. ISTH 2017 



Emicizumab FVIII 



1https://clinicaltrials.gov/ct2/results?cond=&term=emicizumab&cntry1=&state1=&recrs=; 
2https://clinicaltrials.gov/ct2/show/study/NCT02476942?term=non+interventional&type=Obsr&cond=             
Hemophilia+A&fund=2&draw=1&rank=3; 
3Oldenburg J et al NEJM 2017,  4Young et al ISTH 2017 

Emicizumab: Clinical Development Plan in PwHA1 

Inhibitor Patients 

Non - Inhibitor Patients 

Ph
as

e 
III

 p
ro

gr
am

 
Ph

as
e 

III
b 

STASEY – Patients ≥ 12 years (planned N=200) weekly SC dosing 

HAVEN 1 – Patients ≥ 12 years (N=113) weekly SC dosing 3  

HAVEN 2 – Children <12 years (N=60) weekly SC dosing 4 

HAVEN 3 – Patients ≥ 12 years (N=145) weekly and bi-weekly SC dosing 

HAVEN 4 – Patients ≥ 12 years (N=48) monthly SC dosing 

NON INTERVENTIONAL STUDY – Patients ≥ 2 years (N=221) prospective 2  





24 April 2018 



SC prophylaxis in inhibitor patients 
 

SC prophylaxis in patients without inhibitors  
• HA: all these agents (inhibitor prevention?) 
• HB: anti-TFPI & fitusiran 
 

Potential drawbacks  
• Thrombotic risk 
• Need for multiple agents available at home 
• Training for IV and SC administration 
• Laboratory monitoring 
• Neutralizing antibodies 
• Costs 

Perspectives and drawbacks 



Limited experience with newly approved 
therapeutic options  

Expanded access protocols – fast-tracked approval  
To facilitate access to promising therapies in rare 
diseases  
Safety and efficacy data from limited number of 
subjects with limited follow-up period 

Enrolment of selected patients in clinical trials 
Patients who are least likely to be disadvantaged by 
participation; most likely to provide good data  
Implications for patients with characteristics and 
comorbidities not seen in clinical trials 
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