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Summary. Inhibitor development against exogenous
factor VIII is a severe impairment of replacement
therapy affecting 18% of Argentine patients with
severe haemophilia A (HA). To study the molecular
predisposition for inhibitor development, we genotyped
260 HA patients with and without inhibitors, countrywide.
The inhibitor-positive population (19 transients, 15 low
responders, LR and 70 high responders, HR) of 104 severe-
HA patients showed 59 Inv22 (intron 22 inversions), 18
small ins/del-frameshifts, 12 gross deletions, 12 nonsense,
one splicing defect and two missense, p.Arg531Pro and
p-Leu575Pro, both LR and thought to impair FVIII A2
domain secondary structure. In addition, a patient with
mild HA and HR showed the missense p.Glu1704Lys
associated with two neutral intronic substitutions
potentially affecting the A3 domain. A case/control
study (84/143) permitted estimation of F§ genotype—
specific inhibitor risks [OR; prevalence (CI)] in severe-
HA patients classifying a high-risk group including

multi-exon deletions [3.66; 55% (19-100)], Inv22 [1.8;
24% (19-100)] and nonsense in FVIII-LCh [1.2; 21%
(7-59)]; an average risk group including single-exon
deletions, indel frameshifts and nonsense-HCh; and a
low-risk group represented by missense defects [0.14;
3% (0.6-11)]. Analysis of inhibitor concordance/
discordance in related patients indicated additional
genetic factors other than F8 genotype for inhibitor
formation. No significant inhibitor-predisposing factors
related to FVIII product exposure were found in age-
and F8 genotype-stratified populations of severe-HA
patients. In conclusion, the Argentine HA patient series
presents similar global and mutation-specific inhibitor
risks than the HA database and other published series.
This case-specific information will help in designing
fitted therapies and follow-up protocols in Argentina.

Keywords: F8, FVIII inhibitors, HEMA, mutation charac-
terization

Introduction

Haemophilia A (HA) (OMIM 306700) is an X-linked
coagulopathy that affects one in 5000 human males
worldwide. In 2009 the Argentine population corre-
sponded to 41.343.201 inhabitants including 1842
registered people with HA and 227 who developed
clinically identified factor VIII inhibitors [1]. HA is
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classified by the residual clotting activity of FVIII in
severe, moderate and mild affecting about 40%, 10%
and 50%, respectively, of patients with HA [2].

HA is caused by heterogeneous molecular defects in
the coagulation FVIII gene (F8). Due to a complex
structure of 26 exons spread over 186 kb of genomic
DNA on Xq28 [3], F8 still challenges mutation detec-
tion in many laboratories, particularly those from
developing countries. Most patients with HA are effi-
ciently treated with FVIII concentrates. However, about
20-30% of severe cases with HA from different ethnic-
ity developed FVIII neutralizing antibodies (inhibitors)
making replacement therapy ineffective [4].

The pathogenesis of FVIII inhibitors is influenced by
host-related and therapy-related factors. Most inhibi-
tors occur in persons with severe HA — those with
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baseline levels of FVIII of <0.01 U/mL — and several
studies have shown that the causative mutation is the
most decisive risk factor for inhibitor formation.
Those mutations that prevent endogenous synthesis of
FVII (null mutations), such as large deletions, non-
sense mutations and the prevalent intron 22 inversions
(Inv22), are associated with the highest risk of inhibi-
tor formation. These findings indicated that the pre-
sentation of a novel antigen to the patient’s immune
system is the main driving force of inhibitor forma-
tion, representing a frequent event in about one-third
of severe-HA patients [5].

However, other host-related factors have been
shown to influence inhibitor development in HA, such
as the ethnic origin — for example, persons of African
ancestry with HA tend to show higher inhibitor risk
than Caucasian [6] — indicating the importance to
report studies on population-specific estimations of
the inhibitor risk factors worldwide.

Most patients develop inhibitors in early childhood
after relatively few exposure days to FVIII (median 9-
11 days). Some patients are high responders (> 5 BU/
mL) with a rapid anamnestic response to FVIII,
whereas others are low responders whose inhibitor
concentration never exceeds few Bethesda units (typi-
cally <5 BU/mL). Some inhibitors (10-30%) are tran-
sient and thus can be missed if testing is not carried
out at frequent intervals. In many patients with HA,
inhibitors can be completely suppressed or eradicated
with an appropriate immune tolerance induction (ITI)
regimen [7].

This study describes a comprehensive and multicen-
tre countrywide F8 genotype characterization study of
Argentine patients with HA and inhibitors using a
cost-effective laboratory scheme, particularly useful
for developing countries. The analysis between the
type and location of F§ mutation allows us to associ-

ate specific HA patients with locally estimated inhibi-
tor risks.

Materials and methods

Studied populations

A total of 260 patients with HA from different regions
of Argentina were enrolled in this study, 107 with
inhibitors and 153 without. Inhibitor population
included 106 severe and one mild HA patients classi-
fied by their inhibitor status in T (transient,
<6 months), LR (low responders, 1-5 BU/mL) and
HR (high responders, >5 BU/mL).

Since 1995-2008 an inhibitor-unbiased population
of 107 Argentine familiar probands with severe HA
was F8 genotyped, prior to the start point of the pro-
tocol for F8 genotype characterization of patients with
inhibitors (2009-11), was used to state the natural F8
mutation type/location frequencies and to estimate the
absolute inhibitor risks (Table 1, SHA). A comprehen-
sive population of 227 severe-HA patients (including
the 107 unbiased population mentioned above) was
analysed to estimate the relative mutation-specific
inhibitor risks. Thirty-three Argentine patients with
moderate (17) and mild (16) HA were also studied.

Our institutional Ethics Committee approved the
study and a written informed consent was obtained in
all cases.

Inhibitor testing was performed once every
6 months and every 3 months in inhibitor-positive
patients before a surgery or other medical procedure.
For inhibitor screening, samples of 3.2% sodium cit-
rate-anticoagulated venous blood were drawn. Inhibi-
tor testing was performed by Bethesda assay using the
Nijmegen modification [8,9]. A positive inhibitor titre
was defined as equal to or more than 0.6 BU/mL.

Table 1. FVIII inhibitor development vs. F8 mutation type/location in Argentine patients with severe HA.

Cases* Controls®
Mutation type SHAT (%) n =284 n =143 OR' (CI 95%) P (CI 95%) P value**
INV22 44.0 48 60 1.84 (1.07-3.18) 24 (18-29) 0.0287*
INV1 1.9 0 2 0.33 (0.02-7.07) 5.9 (0.3-100) 0.5317
MED 6.5 8 4 3.66 (1.07-12.55) 55 (19-100) 0.0604
SED 3.7 3 5 1.02 (0.24-4.39) 18 (4-69) 1.0000
NS.LCH 6.5 S 7 1.23 (0.38-4.01) 21 (7-59) 0.7642
NS.HCH 3.7 4 9 0.74 (0.22-2.50) 13 (4-41) 0.7719
FS.I/D 15.9 13 27 0.79 (0.38-1.62) 14 (7-26) 0.5905
IF.I/D 1.9 0 2 0.33 (0.02-7.07) 5.9 (0.3-100) 0.5317
MS 12.2 2 21 0.14 (0.03-0.62) 3(0.6-11) 0.0025%*
SPD 3.7 1 6 0.27 (0.03-2.33) 5(0.6-39) 0.2641

fSHA (%): Natural (unbiased) mutational prevalence in severe HA showing an absolute inhibitor prevalence estimation of 17.6% (1 = 107), similar to

those previously reported in the same population [11].
¥Cases: Permanent inhibitor-positive cases (high and low responders).
SControls: Inhibitor negative or transient.

TOR: Inhibitor likelihood odds ratio (Mutation positive/Mutation negative); (CI 95%): Confidence interval of 95%.

TIP (%): Absolute inhibitor prevalence; (CI 95%).

P value: Fisher exact test P value; *P < 0.05 significant; **P < 0.01 highly significant.
MED: Multi-Exon Deletion; SED: Single-Exon Deletion; NS.LCH: Nonsense Light Chain; NS.HCH: Nonsense Heavy Chain; FS.I/D: Frameshift Indel;

IF.I/D: In-Frame Indel; MS: Missense; SPD: Splicing Defect.
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Clinical data related to therapy and blood product
exposure for the analysis of an age-stratified subgroup
of 151 severe-HA patients were available: 81 cases
with inhibitors and 70 controls without inhibitors.
This group encompassed patients with the Inv22 (98),
nonsense (22) and Ins/del frameshifts (31).

F8 mutation characterization

The molecular protocol was applied on genomic DNA
prepared from peripheral-blood leucocytes using stan-
dard phenol-chloroform or salting-out methods. Inv22
and intron 1 inversions (Inv1) were analysed by inverse
shifting polymerase chain reaction (PCR) [10]. All the
relevant sequences of F8 (37 products) were screened
for large deletions and small mutations by multiplex
PCR amplification and CSGE (conformation sensitive
gel electrophoresis) respectively [11]. Large deletions
were defined as a consistent specific amplification fail-
ure in a group of contiguous exons. Small mutation
screening was performed by heteroduplex analysis
using high-resolution CSGE, and DNA sequencing of
specific PCR amplification product/s that showed
anomalous CSGE patterns [11].

Bioinformatics

DNA sequence management was performed using files
mapping to Xq28 spanning F8 (ChrX: 154064063—
154250998 complement). F8 mutation nomenclature
followed the Human Genome Variation Society
(HGVS) recommendations [12] and those for genetic
variants in haemostasis [13]. However, to be consis-
tent with other studies, p. notation followed FVIII leg-
acy amino acid (aa) numbering (i.e. start point of
mature FVII). Amino acidic changes were examined
for their conservation in murine, porcine and canine
FVIII using the sequence alignment line-up provided
by HADB (Haemophilia A mutation database, http://
hadb.org.uk/) [14].

Analysis of ESEs (Exonic Splicing Enhancers) was
performed online using ESE-Finder software (http:/
rulai.cshl.edu/cgi-bin/tools/ESE3/esefinder.cgi) [15]. The
NNSPLICE software was used to score new potential
splicing sites associated with intronic substitutions
(http://www.fruitfly.org/seq_tools/splice.html) [16].

Data analysis

Relative and absolute F8 genotype-specific inhibitor
risks were estimated as odds ratio (OR) and inhibitor
prevalence, respectively; by a case—control study of
severe-HA patients using the Fisher exact test.

Clinical data on FVIII product exposure were com-
pared between cases and controls populations by
Mantel-Haentszel (MH) common odds ratio on three

© 2013 John Wiley & Sons Ltd

layers stratified by age (2-12 years; 12-34 years and
>34 years; each associated with a peak of high proba-
bilities to start inhibitor response). Stratification was
performed because case and control groups differ on
average age (cases: 17.3 years, controls: 20.9 years;
Student’s z-test P = 0.043). MH statistics included cal-
culation of the MH common OR, homogeneity analy-
sis of stratum-specific ORs (Breslow—Day test) and the
Cochran-MH (CMH) test of conditional indepen-
dence (Ho: CMH OR # 1).

Results and discussion

F8 genotype characterization of HA patients with
inhibitors

We found the HA-causative mutation in 107 Argen-
tine patients with FVIII inhibitors: 72 HR (67%), 16
LR (15%) and 19 T (18%). The 2009 WFH Annual
Survey informed that Argentina presented 227 HA
patients with clinically identified inhibitors [1] indicat-
ing that we could characterize about one half of these
cases countrywide.

Among them, 59 patients (55%) showed the Inv22
(51 type 1 and eight type 2 patterns) (40 were HR, 9,
LR, and 10, T) and 12 (11%) showed large deletions,
three single-exon deletion (all HR) and nine multi-
exon deletions (eight HR or one T) (Fig. 1). Four
multi-exon deletions were novel, whereas exon 10 and
5 single-exon deletions were reported in HADB but
without inhibitors (Fig. 1). Twelve severe-HA patients
with inhibitors (11%) showed nonsense mutations: six
affected the FVIII Light Chain (LCh) (four HR, one
LR and one T) and six, the Heavy Chain (HCh) (four
HR and two T) (Fig. 1). Our highly reported nonsense
mutations p.Arg2147* (7+ /24 entries) and p.Arg
1966* (8+ /19) associated with hypermutable CpG
transitions. Among our nonsense mutations with HR
inhibitors, p.Ser488%*, p.Tyr586* and p.GIn796* were
not associated with inhibitors in the HADB, and
p-GIn2222* and p.GIn2235* were novel (Fig. 1).

Small insertions/deletions frameshifts (indel) were
the most represented group of small mutations (18
cases, 17%) (nine HR, four LR and five T) (four in
the LCh and 14 in the HCh). Among them, six patients
showed four novel indels: p.Pro451Leufs*12 (three
cases from two unrelated families), p.Ala811Alafs*13,
p-Arg1233Serfs*4 and p.Lys1012Leufs*9. Consistent
with the immunogenic and functional profiles of FVIII
domains, most indels in B domain were associated
with LR or T inhibitors, whereas indels in A2 or A3
with HR inhibitors (Fig. 1).

Three missense mutations (3%) were found with
inhibitors (Fig. 1). All of them involve highly conserved
residues as indicated in orthologous FVIII line-ups of
porcine, murine, canine and human FVIIL Interestingly,

Haemopbhilia (2013), 19, 511-518
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Fig. 1. Spectrum and molecular distribution of HA causative in Argentine patients with HA and with permanent or transient inhibitors (7 = 105). Icons for
each type of mutation are shown on the upper panel. °indicates unreported mutation in the HADB, *indicates reported but inhibitor status unmatched, SP
indicates signal peptide, A1, A2, A3, B, C1 and C2, major FVIIl domains, and a1, a2 and a3, minor acidic peptides.

a patient with mild HA and HR inhibitors showed that
p-Glu1704Lys affecting the LCh, linked to two reported
intronic single nucleotide polymorphisms (SNP) (c.389-
9C > T in IVS3, rs35621875 and ¢.2114-100A > G in
IVS13, rs36044968). Although theoretical analysis of
potential putative splice sites of these SNPs predicted
no changes, splicing defects could not be completely
excluded without analysis of patient’s F§ mRNA.

Mutation p.Glu1704Lys is a non-conservative
change, acidic negative to basic positive and was once
reported in a severe-HA patient without inhibitors
[17]. The molecular basis of the dissimilar phenotype
of p.Glu1704Lys found in the HADB remains unclear.
Perhaps, the plasticity of missense defects to accom-
modate charges modifying local structure may play a
role to explain this inconsistency.

In addition, two patients with HA and LR inhibitors
showed novel missense mutations affecting the HCh,
p-Arg531Pro and p.Leu575Pro (Fig. 1). These changes
to proline have stronger stereochemical constraints
[18] that might disrupt the regular secondary structure
of the A2 domain. Missense affecting Arg531 had 69
reports in the HADB (Arg > His and Arg > Cys
associated with CpG transitions) but only two pre-
sented inhibitors. Studies in recombinant FVIII with
p-Arg531His demonstrated that after thrombin activa-
tion an increased disassociation of the A2 subunit of

Haemopbhilia (2013), 19, 511-518

mutated FVIII associated with an accelerated rate of
spontaneous inactivation and reduction in FVIII activ-
ity [19].

Only one patient with HR inhibitors showed a
novel splice site defect affecting the IVS19 acceptor
splice site (c.6116-1G > A), which is consistent with
the low-inhibitor risk of splicing mutations found in
most reports, beyond some controversy [20].

Our series included two patients (2%) with inhibi-
tors (HR and LR), who remained uncharacterized
after completing our F§8 genotyping scheme showing
that our approach is highly effective. These two
severe-HA mutations may be undetected intronic
mutations, or large duplications in which detection
was more difficult to achieve.

Inhibitor-positive HA patients with small mutations
(n = 34) (i.e. missense, nonsense and indels) showed no
significant differences in their FVIII location (LCh vs.
HCh P = 0.56). Consistent with the immunogenic char-
acteristics of A2, its functional binding areas (e.g.
Arg484-11e508 peptide), but despite the homology
between A domains (32-34%), differences in the den-
sity of inhibitor-positive mutations were observed in
our series (A2 > A3 » Al) (Fig. 1). Although C2
domain had shown inhibitory antibody targets overlap-
ping critical procoagulant functions, which made these
inhibitors clinically significant [21], we found a relatively

© 2013 John Wiley & Sons Ltd
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low density of small mutations affecting C2 and Cl1
domains (Fig. 1).

F8 genotype—specific inbibitor risks in Argentine
patients with severe HA

To estimate the risks for developing FVIII inhibitors
associated with each F8 mutation type/location, we
considered an Argentine unbiased group of patients
with severe HA (nz = 107) who showed an Inhibitor
Prevalence (IP) of 17.6%, similar to those previously
reported [11]. The comprehensive population of
Argentine patients with severe HA (n = 227, 84 cases
and 143 controls) was considered to estimate relative
inhibitor risks (inhibitor OR) associated with each
mutation type/location (Table 1).

Table 1 shows IP values for each F§ mutation type/
location. The Inv22 showed significant high IP of
24% (18-29) and OR of 1.84 (1.07-3.18) (P =
0.0287) predicting nearly twice inhibitor risk in
patients with Inv22 than patients without Inv22,
which classified Inv22 to the intermediate-risk group
consistent with the literature. Our patients with multi-
exon deletions, a known high-risk mutation type,
showed an elevated OR of 3.66 (1.07-12.55) and IP
of 55% (19-100) (P = 0.06).

On the other hand, missense mutations showed sig-
nificantly reduced inhibitor risk (P = 0.0025), an OR of
0.14 (0.03-2.33) predicting more than seven times less
risk for this mutation type and an IP of 3% (0.6-39).

Nonsense mutations in the FVIII LCh have been sig-
nificantly associated with inhibitors as compared with
those in HCh [22,23]. Analysis of HADB nonsense
mutations (7 = 311) showed a relative risk OR of 5.5
(3.1-9.6) LCh/HCh (P<0.0001) for inhibitor develop-
ment, whereas the same analysis in our series (7 = 25)
showed no significant differences (OR LCh/HCh of
1.6 (0.3-8.3)) (Figure S1). Our nonsense mutations
showed an apparent inhibitor risk heterogeneity within
LCh (L1 residues 1649_2124 vs. L2 2125_2332) (OR
L2/L1 of 24.0 (1.1-505.6), P = 0.0728). To investigate
the molecular basis of this observation, a hypothesis
based on the independent expression of F8B gene
[24], ‘F8B hypothesis’, was designed and tested using
HADB data of nonsense mutations. This analysis indi-
cated an OR L2/L1 of 1.1 (0.6-2.0) (P = 1.000,
n =163) and consequently the FSB hypothesis was
excluded (Figure S1).

F8 genotype characterization of patients with
moderate and mild HA

To complete the study, 33 patients with HA and FVIIL:C
levels above 1 TU/dL (16 with mild and 17 with moder-
ate HA) were analysed and found only a case with HR
inhibitors in a patient with mild HA caused by a mis-
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sense mutation in the LCh, p.Glu1704Lys, in phase with
two intronic nucleotide substitutions presented and dis-
cussed above [i.e. ¢c.(5167G > A; 389-9C > T; 2114-
100A > G)]. Although inhibitors occur in patients with
mild and moderate HA they are believed to be uncom-
mon. However, there have been few large studies to esti-
mate the prevalence. Although some of the risk factors
for inhibitor development are similar to those in severe
HA, others are specific for mild/moderate haemophilia.
The prevalence of these inhibitors has been estimated to
be between 3% and 13% [25-27]. Missense mutations
in the LCh are more often (12%) associated with inhibi-
tors than are missense mutations in others parts of
FVIIIa (3.9%) [22]. In patients with mild/moderate HA
and inhibitors certain missense mutations seem to pre-
dispose to inhibitor formation, mainly in C1 and C2
domains and less frequently in A2 domain [28].

Inhibitor status concordance analysis in related
patients with severe HA

To explore the influence of genetic factors other than
F8 genotype in our population, we analyse the degree
of inhibitor status concordance or discordance in two
populations of familiarly related patient pairs (consan-
guinity coefficients (CC) greater or equal to 1/8, e.g.
first-degree cousins): (i) different mutations (n = 46)
including 26 patients with Inv22, 10 with ins/del frame-
shifts, 6 with large deletions and 4 nonsense mutations;
and (ii) the Inv22 (n = 26) (Table 2). Briefly, inhibitor

Table 2. FVIII inhibitor status concordance/discordance vs. related/
expected-if-unrelated in patients with severe HA.

Patient group OR'

(Consanguinity’)  Concordantt Discordant®  (CI 95%) P value'®

All mutations**

Related (>1/8) obs. 36 10 2.8(1.1-6.9) 0.0261*
Expected if Ho 26 20

F8 intron 22 inversions
Related (>1/8) obs. 20 6 3.3(1.0-11.0)  0.0438*
Expected if Ho 13 13

fConsanguinity coefficients >1/8 included: monozygotic twins (1); full
brothers (1/2); uncle-nephew, half brothers and Grandfather-grandson
(1/4); and first-degree cousins (1/8).

*Concordant: In related patients, cases with a concordant inhibitor status
matching pair; in expected if Ho (null hypothesis: concordant/discordant
matching pairs expected by chance in the same population, or ‘apart from
the causative mutation, no additional genetic factors influence the devel-
opment of inhibitors’), the expected matching pair was calculated using
the Binomial distribution and the frequency of patients with inhibitors (p)
and without inhibitors (q) [i.e. ExpConcHo = (2pq)n] (n = 46 for the all
mutations group and # = 26 for Inv22 patients).

SDiscordant: In related patients, same as concordant inhibitor status
matching pair; in expected if Ho, the discordant expected matching pair
was calculated using the formula ExpDiscHo = n—ExpConcHo (i.e.,
ExpDiscHo = n—(2pq)n).

TOR: Inhibitor concordance odds ratio (Related-obs/Expected-if-Ho); (CI
95%): Confidence interval of 95%.

TP value: Chi-square test. P value; *P < 0.05, significant differences.
*#All mutation groups totally included 46 cases: 26 Inv22, 10 ins/del
frameshifts, 6 large deletions and 4 nonsense mutations.

Haemopbhilia (2013), 19, 511-518
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Table 3. FVIII inhibitor risks and blood product exposure in age-stratified populations of Argentine patients with severe HA.

Inhibitor ratef CMHT
Exposure’ Cases/Cases & Controls (%) MHc OR® (CI 95%) P value
Intron 22 inversions (n = 98), Indel frameshifts (z = 31) & Nonsense (7 = 22)
Number of expositions to FVIII (n = 146)
>100 16/67 (24) 0.18(0.09-0.41) 0.000
<100 49179 (62)***
Use of haemocomponents'™ (7 = 146)
Yes 29/75 (39) 0.78(0.38-1.58) 0.484
No 35/71 (49)
Intensive treatment justif‘icationii (n=148)
Yes 23/46 (50) 1.52(0.74-3.11) 0.251
No 43/102 (42)
On demand vs. prophylaxis (7 = 150)
On Demand 62/130 (48) 2.89(0.98-8.52) 0.055
Prophylaxis 6/20 (30)
Haemoderivative vs. recombinant FVIII (z = 150)
Haemoderivative FVIII 62/140 (44) 0.70(0.18-2.67) 0.601
Recombinant FVIII 6/10 (60)
Change in FVIII product brand (n = 151)
=2 S1/131 (44) 0.69(0.25-1.94) 0.481
<2 12/20 (60)
Intron 22 inversions (7 = 98)
Number of expositions to FVIII (z = 93)
>100 11/40 (28) 0.26(0.10-0.66) 0.004
<100 32/53 (60)**
Use of haemocomponents'™ (7 = 93)
Yes 20/46 (43) 1.06(0.45-2.51) 0. 896
No 22/47 (47)
Intensive treatment justification®* (n = 95)
Yes 22/37 (59)* 2.85(1.17-6.90) 0.021
No 22/58 (38)
On demand vs. prophylaxis (z = 97)
On Demand 41/81 (51) 3.04(0.89-10.37) 0.077
Prophylaxis 5/16 (31)
Haemoderivative vs. recombinant FVIII (nz = 97)
Haemoderivative FVIII 41/89 (46) 0.65(0.14-3.00) 0.581
Recombinant FVIII 5/8 (63)
Change in FVIII product brand (n = 98)
> 40/88 (45) 0.43(0.10-1.85) 0.258
<2 7/10 (70)

TClinical characteristics of therapeutic blood product exposure.

*Inhibitor Rate indicates the number of cases with permanent inhibitors (low and high responders) over all patients including cases (inhibitor positive)
and controls (patients without permanent inhibitors including transient and no inhibitors), and the resultant percentage of the row.

SMHc OR: Mantel-Haentszel common odds ratio. To study inhibitor risks associated with different therapeutic factors (Exposure), and taking into
account that case and control groups differ on their average age (case mean: 17.3 years; control mean: 20.9 years; P = 0.043), the population was strati-
fied by age into three layers, i.e., 2-12 years; 12-34 years and more than 34 (each cohort associated with the peaks of high probabilities to start inhibitor
response to exogenous FVIII), and analysed by use of the Mantel-Haentszel statistics. Consequently, the MH common OR and its 95% CI were calcu-
lated along with the analysis of homogeneity of the three strata-specific ORs (Breslow—Day test) and the Cochran-Mantel-Haentszel (CMH) test of condi-
tional independence (Ho: MHc OR # 1) to estimate the remnant association between the variables of the Exposure! after adjusting by age.

ICMH P value of the test of conditional independence. P value significant differences associated with the increased risk factor; *P < 0.05, **P < 0.01

and ***P < 0.001.

"Use of Haemocomponents includes, for example, platelet concentrates, whole blood transfusion, etc.
Hlntensive treatment justification includes, e.g. major surgical procedures, Central nervous system bleedings, etc.

status concordance was found significantly higher than
expected by chance in populations (i) and (ii) with odds
ratios of 2.8 (1.1-6.9) and 3.3 (1.0-11.0) respectively
(Table 2). Our series showed an absolute concordance
in a case of monozygotic twins, 83% in 24 full brothers
(CC, 1/2), and 70% of concordance in other related
cases (CC, 1/4-1/8) with an odds ratio of 2.4 (0.6-9.9).
Although this latter result revealed a neat tendency to
involved additional genetic factors in developing inhibi-
tors in severe-HA affected patients, the null hypothesis
cannot be statistically excluded perhaps due to the
small size of our related population.

Haemopbhilia (2013), 19, 511-518

These results agree with those obtained from the lit-
erature in which monozygotic twins showed concor-
dant inhibitor status, and the finding of some of these
additional genetic factors influencing inhibitor forma-
tion tendency, such as polymorphisms of IL.10, TNFA
and CTLA4 [29].

FVIII product exposure and inhibitor development
in stratified populations of patients with severe HA

To explore possible non-genetic inhibitor-predisposing
factors related to therapeutic FVIII product exposure,

© 2013 John Wiley & Sons Ltd
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a homogeneous group of 151 severe-HA patients (i.e.
Inv22, nonsense mutations and ins/del frameshifts) or
separately the 98 patients with Inv22 were age strati-
fied (three strata) and analysed by the Mantel-Haents-
zel statistics.

Table 3 shows evidence indicating that a category of
less than 100 expositions to therapeutic FVIII showed a
significant association with the inhibitor groups of three
null mutations and Inv22 as compared with more than
100 expositions (P < 0.0001 and P = 0.004 respec-
tively). These results agree with the known evidence
indicating that some predisposed patients developed
inhibitors before the first 50 expositions to FVIII prod-
ucts [30]. In addition, the intensive treatment justifica-
tion, associated with major surgical procedures, central
nervous system bleeding, etc., showed an increased ten-
dency to develop inhibitors in the group of three null
mutations and a significant MH common OR of 2.85
(1.17-6.90) (P =0.021) in the group of Inv22
(Table 3). None additional factors showed associations
with inhibitor formation in both groups of severe HA-
causative mutations, i.e. use of haemocomponents, on-
demand treatment vs. prophylaxis, haemoderivated vs.
recombinant FVIII and change in FVIII product brand
(Table 3).

Despite our results related to FVIII product expo-
sure, inhibitor formation in HA showed evidence of a
multifactorial trait involving a complex net of interac-
tions between leading genetic factors and environmen-
tal factors on a second plane.

In conclusion, our findings on inhibitor risks associ-
ated with host-related (HA-causative mutation and
other genetic factors) and therapy-related factors
showed a general agreement with the literature. In
particular, our data on inhibitor status concordance
and consanguinity suggested the involvement of fur-
ther genetic factors beyond F8 genotype as secondary
inhibitor-predisposing factors. Because our population
of patients with severe HA is properly stratified by
age- and F8 genotype, it is prepared to detect further
genetic risk factors weaker than the causative muta-
tion for inhibitor formation (e.g. allelic variants of the
major histocompatibility complex).

It has been well established that inhibitors represent
numerous antibodies directed against portions of
FVIIIa involved in the procoagulant activity (epitopes
on A2, C2 and A3/C1 domains with more than 80%
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