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FACTOR VIII (FVIII) REPLACEMENT 
PRODUCTS AND INHIBITOR

The past as prologue

• Low inhibitor prevalence/incidence when only plasma 

products were available: 

Guérois. Thromb Haemost 1995;73(2):215-8; Peerlinck et al. Acta Clin Belg 1991;46(5):298-304; 

Rasi et al. Br J Haematol 1990;76(3):369-71; Schwarzinger et al. Am J Hematol 1987;24(3):241-5 

Cryoprecipitate 6%

Plasma-derived FVIII concentrates 9-15%

• Recombinant FVIII products became available 

in the early 1990s



IN 2003, A SYSTEMATIC REVIEW FIRST COMPARED PLASMATIC 
VS RECOMBINANT FVIII PRODUCTS IN HIGH-RISK IN 
PREVIOUSLY UNTREATED PATIENTS (PUPs)

• “There is clear evidence that different FVIII preparations 

have different levels of immunogenicity”

• “Lower cumulative incidence of inhibitors in PUPs treated 

with plasma-derived products compared with those treated 

with recombinant products”

Wight & Paisley. Haemophilia 2003;9:418-35



UNTIL THE YEAR 2016 AND SIPPET: 

MULTIPLE OBSERVATIONAL STUDIES
• In 4542 previously untreated patients (PUPs) with severe haemophilia A the risk of inhibitor 

development was at least doubled in those treated with products of the class 

of recombinant FVIII compared with that of plasmatic FVIII

Mannucci PM et al. JTH 2016;14:1330-6



INTRINSIC LIMITATIONS OF OBSERVATIONAL STUDIES

• Confounding by indication, i.e., choice of FVIII class made on the basis 

of treaters’ evaluation of inhibitor risk (family history of inhibitors, 

F8 mutations)

• Very heterogeneous enrolment criteria (truly severe/moderately severe, 

previously untreated/minimally treated)

• Heterogeneous sample sizes and designs (retrospective, prospective, 

case series, inception cohorts) 

• Poor reliability of inhibitor data (particularly for low titer inhibitors) 

from multiple participating centers (different testing intervals,

poor assay standardization) 

Overall: inconclusive results, but a hint that recombinant 

FVIII products may cause more inhibitors!



THE SIPPET STUDY .1

Hypothesis, assumptions and biological plausibility

• Designed as a superiority study on the basis of a prior hypothesis 

(twofold more inhibitors with rFVIII)

• Differential inhibitor rate is a class effect (plasma-derived vs 

recombinant products)

• The higher immunogenicity of most recombinant FVIII products may be 

due to critical post-translational modifications of the molecule (most of 

them being manufactured from mammalian cells, with the exception of 

Nuwiq)

• The lower immunogenicity of plasmatic FVIII products may be due to 

their content in VWF and other immunomodulating plasma proteins 

(absent in recombinant products)



THE SIPPET STUDY .2

• The first investigator-driven, hypothesis-based, randomized, open 

label clinical trial in PUPs with severe hemophilia A designed to 

compare the immunogenicity of FVIII product classes:

─ plasma-derived FVIII (pdFVIII) containing von Willebrand factor 

(VWF)

─ recombinant FVIII (rFVIII)

• Primary outcome: cumulative incidence of any inhibitor

• Secondary outcome: cumulative incidence of high-titre 

inhibitors (>5 BU) 

Peyvandi, et al. N Engl J Med 2016;374:2054-64



CUMULATIVE INCIDENCE OF ANY INHIBITOR 

BY PRODUCT CLASS

27%
45%

Peyvandi et al. N Engl J Med 2016;374:2054-64



KAPLAN-MEIER SURVIVAL CURVE

Any inhibitor High-titre inhibitors 

HR 1.69 (CI 95% 0.96-2.98)HR 1.87 (CI 95% 1.17-2.96)

rFVIII

pdFVIII

rFVIII

pdFVIII

Peyvandi et al. N Engl J Med 2016;374:2054-64



CONCLUSIONS – 1

• A nearly twofold higher incidence of inhibitors in PUPs 

with rFVIII than with pdFVIII

✓ for any (and high titre) inhibitor

• Found in the frame of the highest level of evidence, i.e., the 

largest randomized study ever done in hemophilia

• Robust in adjusted and sensitivity analyses

Peyvandi et al. N Engl J Med 2016;374:2054-64



Number needed to harm with rFVIII: 5.6

i.e.

• the number of patients who need to be treated with 

recombinant rather than with plasmatic FVIII to cause one 

extra patient with inhibitor

• this degree of harm is substantial, despite the non-trivial 

inhibitor rate observed in plasma-treated patients 

Rosendaal et al. Blood 2017;130(15):1757-9

CONCLUSIONS – 2



CONSEQUENCES OF SIPPET

• Treat all PUPs with pdFVIII



THE FUTURE

• Extrapolate SIPPET findings to newer rFVIII products? 

No, but they have the burden of the proof of being less 

(or equally) immunogenic than plasma products

• Nuwiq

• Fc and other extended half life products

• Registers do not suffice: they have all the limitations of 

observational studies, confounding by indication is inevitable, 

physician influence is not removed and inhibitor testing is not 

centralized!



AFTER SIPPET

• Genetic risk stratification in SIPPET study

Rosendaal, et al. Blood 2017;130(15):1757-9



BACKGROUND .1

SIPPET patients were classified at:

● High-risk, when they carried a null mutation 

● Low-risk, when they carried a non-null mutation



KAPLAN MEIER SURVIVAL CURVES



Within group comparison:

• Among patients treated with pdFVIII, there was a difference in 

inhibitor incidence for low- and high-risk patients (p=0.02)

• Among patients treated with rFVIII, there was no difference 

(HR 1.19, CI 95 0.53-2.66) 

INHIBITOR DEVELOPMENT BY ARM OF TREATMENT



NUMBER NEEDED TO HARM

Number of patients to be treated with rFVIII rather than pdFVIII to 

cause 1 extra patient with an inhibitor

• Overall: 5.6

• For high-risk patients: 6.3

• For low-risk patients: 2.3



Three categories of inhibitor risk could be demonstrated:

• High-risk for patients treated with rFVIII regardless of their

genetic profile

• Low-risk for patients with low genetic risk treated with

pdFVIII

• Intermediate risk for patients with a high genetic risk

treated with pdFVIII

Results lend no support for prescribing rFVIII

to patients with a low prior risk

CONCLUSIONS – 1



WHAT NEXT? – 1

• All PUPs should be treated with pdFVIII in the high risk period 

of the first 50 days of exposure to replacement therapy

• Which strategy should be adopted when, after this high risk 

period, PUPs become previously treated patients (PTPs)?

• In PTPs the risk of new inhibitors is approximately 100 times 

lower than in PUPs (0.3-0.4% vs 30-40%)



• Recombinant FVIII products with an extended half-life (EHL) 

may be advantageous for patients because they reduce by 20-

30% the yearly number of intravenous infusions in those on 

prophylaxis

• Yet, it is not established whether or not the relatively early 

switch (at 50 exposure days) from pdFVIII to recombinant EHL 

FVIII products is associated with an increased rate of 

inhibitors, in comparison with the continuation with pdFVIII

WHAT NEXT? – 2



• SIPPET 2 is designed as an international, multicenter, 

randomized, non-inferiority study

• PUPs or minimally treated patients are all treated 

with a pdFVIII product for the first 50 days

• PUPs who do not develop a FVIII inhibitor are then 

randomized to switch to any recombinant FVIII product 

or to continue with the initial pdFVIII product

• Follow-up: 50 additional days (total: 100 days)

• Funded competitively by the Italian Drug Agency (AIFA)

WHAT NEXT? – 2



SIPPET 2 FEASIBILITY

• In the frame of a questionnaire survey, 70% of the 

respondents declared to be willing to participate 

and to enroll their PUPs in SIPPET 2

Peyvandi et al. Haemophilia 2018;24:e266-e268
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