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Key Points

• Joint outcomes in he-
mophilia are better in
young adults if prophy-
laxis is started before
age 2.5 years com-
pared with after age
6 years.

• Standard FVIII prophy-
laxis is insufficient to
fully protect joints from
damage through ado-
lescence in severe HA.

The Joint Outcome Study (JOS), a randomized controlled trial, demonstrated that children

with severe hemophilia A (HA) initiating prophylactic factor VIII (FVIII) prior to age 2.5 years

had reduced joint damage at age 6 years compared with those treated with episodic FVIII for

bleeding. The Joint Outcome Continuation Study (JOS-C) evaluated early vs delayed

prophylaxis effects on long-term joint health, following JOS participants to age 18 years in an

observational, partially retrospective study. Index joint magnetic resonance imaging (MRI)

scores of osteochondral (OC) damage (primary outcome), joint physical examination scores,

and annualized rates of joint/other bleeding episodes (secondary outcomes) were collected.

Thirty-seven of 65 JOS participants enrolled in JOS-C, including 15 randomized to

prophylaxis at mean age 1.3 years (“early prophylaxis”); 18 initially randomized to episodic

treatment, starting “delayed prophylaxis” at mean age 7.5 years; and 4 with high-titer

inhibitors. At JOS-C exit, MRI OC damage was found in 77% of those on delayed and 35% of

those on early prophylaxis for an odds ratio of OC damage, in the delayed vs early

prophylaxis group, of 6.3 (95% confidence interval, 1.3, 29.9; P 5 .02). Annualized bleeding

rates were higher with delayed prophylaxis (mean plus or minus standard deviation, 10.66

6.6 vs 3.56 2.1; P, .001), includingwhen only comparing time periods on prophylaxis (6.26

5.3 vs 3.3 6 1.9; P , .05). In severe HA, early initiation of prophylaxis provided continued

protection against joint damage throughout childhood comparedwith delayed initiation, but

early prophylaxis was not sufficient to fully prevent damage. This trial was registered at

www.clinicaltrials.gov as #NCT01000844.

Introduction

Joint bleeding in patients with severe hemophilia A (HA; factor VIII [FVIII] activity , 2%) can occur from
negligible trauma and result in arthropathy,1 often resulting in acute and chronic pain2 as well as
decreased quality of life.3 The Joint Outcome Study (JOS)4 was a randomized controlled trial in young
boys with severe HA; the study demonstrated that prophylactic FVIII concentrate administered IV every
other day starting before age 2.5 years led to better joint outcomes on magnetic resonance imaging
(MRI) at age 6 years than episodic treatment with FVIII for bleeding. The JOS started shortly after safe
FVIII products became available following the HIV epidemic of the 1980s. Although prophylaxis had
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been standard in hemophilia centers such as Malmo, Sweden for
many years,5,6 prophylaxis was poorly adopted worldwide because
of expense, venous access difficulties, indwelling venous access
device complications, and efficacy doubts in the absence of
a randomized controlled trial.7 The randomized controlled JOS
showed efficacy using MRI and physical examination outcomes at
fixed time points, establishing prophylactic FVIII as the standard of
care for severe HA. Based on JOS results and because prophylaxis
cannot reverse joint osteochondral (bone and cartilage) damage,8

theWorld Federation of Hemophilia and others recommend starting
prophylaxis prior to age 3 years and prior to joint bleeding.5,9-11

Following completion of the JOS, all participants on the episodic
arm were encouraged to adopt prophylaxis, allowing an important
opportunity to compare outcomes relative to prophylaxis initiation
age in the context of a prospective trial. The JOS Continuation
(JOS-C) followed the participants of the JOS through adolescence,
with a focus on joint outcomes.

Fortunately, hemophilia treatment is in the midst of dramatic
improvements. With emicizumab,12,13 other novel nonfactor-based
therapies,14 extended half-life FVIII products,15 and an array of gene
therapy trials for hemophilia,16 hemophilia prophylaxis is getting
easier and possibly more effective. However, long-term outcomes
from those novel treatments will not be available for a few decades.
This long-term study comparing FVIII prophylaxis initiated before age
2.5 years vs after age 6 years provides a critical baseline against
which new therapies can be compared.

Methods

Study design and eligibility

The design and results of JOS are described elsewhere.4 Briefly, 65
boys with severe HA, no evidence of joint damage on screening
MRI, and no FVIII inhibitor were randomized prior to age 2.5 years to
receive either prophylaxis with 25 IU/kg recombinant FVIII (rFVIII;
Kogenate or Kogenate FS; Bayer Healthcare) every other day with
an additional 40 IU/kg rFVIII for hemarthroses, or enhanced
episodic treatment, consisting of 40 IU/kg rFVIII at the time of joint
hemorrhage, followed by 20 IU/kg 24 hours and 72 hours after the
first dose, continuing every other day up to 4 weeks until bleed
resolution. All JOS participants were eligible to enroll in JOS-C up
until age 18 years. The protocol was approved by the ethics board
at each participating institution, and each participant or guardian
provided informed consent.

Treatment

Hemophilia treatment and FVIII product decisions were made
clinically and not dictated by the JOS-C; no medication was
provided as part of the continuation study. Factor product and
treatment data were collected from chart review, pharmacy records,
and log books. Adherence to prophylaxis was calculated as the
number of infusions given per year, divided by the number
prescribed per year. If prophylaxis frequency (3 times per week vs
every other day) was unclear, a 3 times per week frequency was
assumed.

Outcome measures

At study entry, clinical data regarding hemophilia treatments,
bleeding, hospitalizations, and surgeries between the time of JOS
exit and JOS-C entry were collected retrospectively from medical

records and treatment logs. Noncontrast T2* gradient echo MRIs
of index joints (ankles, knees, and elbows) were obtained at JOS-C
entry and exit. During the JOS-C, bleeding and infusion logs,
quality-of-life questionnaires (Haemo-QOL17), and other clinical data
were collected annually, in conjunction with annual joint physical
examination.

The primary outcome of the JOS-C, as in the JOS, was evidence of
osteochondral damage on MRI at study exit. MRIs were scored
according to the extendedMRI (eMRI) scale (supplemental Table 1);
each joint had a 9-point score for soft tissue damage and a 36-point
score for osteochondral damage,18 with higher scores being worse.
MRIs performed as part of the JOS (up to age 6 years) were
originally scored on a different scale,19 so were rescored according
to the eMRI scale for comparison. The eMRI scale was chosen
because it is better at distinguishing degree of severity of more
advanced joint disease, and because of concern for a ceiling effect
in the original JOS scoring system.

MRIs were independently scored by 2 board-certified pediatric
musculoskeletal radiologists (J.S. and M.F.) blinded to treatment
group; scores that differed by.20% were reviewed collaboratively
and assigned a consensus score. MRIs that were discrepant
regarding the presence of osteochondral damage were adjudicated
by a third radiologist (J.D.I.). Two fused ankles and 1 knee requiring
synovectomy were counted as hemophilic arthropathy, even though
surgery precluded MRI scoring in the joints containing hardware.
Joint baseline and exit physical examinations were performed by
physical therapists specializing in hemophilia and scored using the
Colorado Pediatric Joint Assessment Scale (CPJAS; supplemental
Table 2),20 a 31-point per joint scale (max score 27 points for
elbows), with higher scores being worse. The CPJAS differed from
the original JOS scoring system21 in its inclusion of crepitus and
updated age-stratified ankle axial alignment. For longitudinal
comparison of CPJAS scores, ankle axial alignment scores at age
6 years (JOS exit) were converted from the original JOS score, and
crepitus was excluded. A comparison of physical examination
scales is shown with supplemental Table 2.

Numbers of joint and total bleeds were calculated using treatment
logs, annual recall, and medical records. For joint, muscle, and soft
tissue bleeds, a bleeding episode was defined as pain and swelling
treated with additional FVIII.22 Mucosal bleeding was also recorded.
Two bleeding treatments for the same body part within 72 hours of
each other were counted as a single bleeding episode.22 Average
number of bleeds per year, or annualized bleed rate (ABR), for each
patient was calculated by dividing the total number of bleeds for the
time period using the annualized number of months with adequate
bleed records. A time period was considered to have adequate
bleed records if log books were available, or if there was evidence in
the medical record of monthly contact between the participant and
the clinic or study team. The annualized joint bleed rate (J-ABR)
excluded nonjoint bleeds from the count.

Physical activity and sports

Sports and physical activity data were collected annually, and
each participant’s routine sports activities were categorized according
to the National Hemophilia Foundation (NHF) risk category.23

The maximum risk sport that each participant played for.1 season
was used for analysis.
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Statistical analyses

Odds ratios were calculated using univariate logistic regression.
Relative risk was also calculated to make the current results directly
comparable to the original JOS findings. Paired comparisons (MRI
scores, CPJAS, and ABRs) were made using independent sample
Student t tests (continuous normally distributed variables), Mann-
Whitney U (continuous skewed variables), x2, or Fisher’s exact tests
(counts) as appropriate. Longitudinal analyses for the MRI and
CPJAS scores were performed using 2 3 3 mixed-model analyses
of variance (ANOVAs), with the prophylaxis group as the between-
subjects variable and age group (JOS exit, JOS-C entry, and JOS-C
exit) as the within-subjects variable. Repeated measures correla-
tions, which account for the decreased variability between joints
within 1 individual,24 measured the relationship between each
individual joint’s ABR, CPJAS score, and eMRI score. Participants
with high-titer inhibitors were reported as a separate group, too
small for statistical analysis. Statistical analyses were performed
using SPSS V25.0 and R 3.5.2.

Results

Timing of data collection

Data were collected retrospectively from the time of JOS exit to
JOS-C entry, and the retrospective time period ranged from 4.2 to
13.5 years (median, 8.5 years). Participants were followed pro-
spectively after entry into JOS-C for 0 to 7.6 years (median, 3.4
years). Sports and Haemo-QOL surveys were only collected during
the prospective data collection periods. Adequate bleed data
(monthly logbooks available, or medical records available with at
least monthly contact with clinic or research staff) were available at
JOS-C exit for a mean of 10.6 years (median, 11.8 years; range, 3.5-
12.8 years). When JOS-C data were combined with pre-JOS and
JOS bleed data to get “lifetime” bleed data, adequate bleed data
were available for a mean of 17.1 years (median, 18.1 years; range,
12.8-18.9 years). The mean percentage of time from birth to JOS-C
exit with adequate bleed data was 92.7% (median, 100%; range,
52.4% to 100%).

Participants from the initial JOS study came from 15 sites in the
United States. JOS-C participants came from 11 of those sites.
Ten participants of the JOS-C were treated at the University of
Colorado.

Baseline characteristics

JOS-C participants enrolled between January 2010 and September
2015, and exited between December 2012 and September 2017.
Of the initial 65 boys in the JOS, 37 participated in the JOS-C,
including 4 with a history of high-titer inhibitor, leaving 15 in the
prophylaxis and 18 in the episodic groups (referred to as “early
prophylaxis” and “delayed prophylaxis” groups, respectively)
(Figure 1). The mean ages of prophylaxis initiation were 1.3 years
(standard deviation [SD], 0.4 years; median, 1.1 years; range,
0.9-2.1 years) and 7.6 years (SD, 3.5 years; median, 6.2 years;
range, 5.3-17 years) (P , .001). Three participants in the delayed
prophylaxis group started prophylaxis after age 10 years. Table 1
shows outcomes at age 6 years in the subset of JOS participants
who were enrolled in the JOS-C. Early prophylaxis participants had
better outcomes at age 6 years compared with delayed prophylaxis,
nearly identical to the original JOS sample. At age 6 years, the odds
ratio of osteochondral damage in the delayed vs early prophylaxis

group was 14.0 (95% confidence interval [CI], 1.5-130.1; P5 .02),
with a relative risk of osteochondral damage of 6.09 (95% CI, 0.92-
40.21; P 5 .01). This relative risk was similar to that of the
prophylaxis group in the original JOS study at age 6 years (6.1 [95%
CI, 1.5-24.4]), indicating that the JOS-C group was representative
of the original JOS group. The proportion of total joints with
osteochondral changes was also lower in the early prophylaxis
group (P 5 .02).

When enrolling in the JOS prior to age 2.5 years, all participants had
MRI and physical examination scores of zero as part of the
enrollment criteria. A summary of JOS entry and exit data for the
full JOS population and the JOS-C subset population is shown
in Table 2.

Factor dosing and adherence

Data for adherence calculations were available for an average of
8.9 years (SD, 3.74; range, 0-13 years) per participant in 31
participants without high-titer inhibitors. Table 3 displays adherence
rates for the early and delayed prophylaxis groups, which did not
differ by treatment group (P 5 .15). Nine in the early prophylaxis
group and 7 in the delayed prophylaxis group had .90%
adherence recorded. Six participants had ,80% average adher-
ence, with the remaining between 80% and 90% adherent. Due to
high and relatively equal adherence rates among participants and
the small sample size, it was not possible to relate outcomes to
variations in adherence.

Fourteen participants were maintained on 20 to 30 IU/kg, 6 were
increased to 30 to 40 U/kg, 9 to 40 to 50 IU/kg, and 2 to 50 to 60
IU/kg FVIII, all every other day or 3 times per week. On the delayed
prophylaxis arm, 8 of 18 participants (44%) were prescribed
prophylaxis doses $40 to 50 U/kg, compared with 3 of 15 (20%)
on the early prophylaxis arm. Six participants (4 delayed prophy, 2
early prophy), used long-acting factor products (Adynovate or
Eloctate) for up to 2 years of the JOS-C study period. One
participant on the early prophylaxis arm transitioned to on-demand
therapy for 2 years, then resumed prophylaxis. The remaining
participants on the early prophylaxis arm were on continuous
prophylaxis.

Outcomes at study exit

By age 18 years, the odds ratio of osteochondral damage in the
delayed vs early prophylaxis group was 6.3 (95% CI, 1.3, 29.9;
P5 .02), with a relative risk of osteochondral damage of 2.63 (95%
CI, 1.14, 6.06; P 5 .02). Lifetime ABR and J-ABR from birth to
18 years in the early prophylaxis group were one-third that of the
delayed prophylaxis group (Table 3). If only comparing bleeding
rates after initiation of prophylaxis, the early prophylaxis group ABR
and J-ABR were also significantly lower than the delayed pro-
phylaxis group ABR and J-ABR (Table 3). The per-patient averages
of eMRI and CPJAS (physical examination) scores are shown in
Table 3 and used in longitudinal analysis to maximize comparability if
single joints were unscorable (eg, due to hardware). The eMRI 6-
joint total scores [median (interquartile range [IQR])] were 7.8 (3.3-
25.5) in the early prophylaxis and 13.8 (7.9-37.9) in the delayed
prophylaxis group. The CPJAS 6-joint totals were normally
distributed and had a mean (SD) of 14.3 (9.3) in early prophylaxis
and 19.1(13.1) in delayed prophylaxis. The outcomes of partic-
ipants with high-titer inhibitors (all treated with immune-tolerance
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induction) are also shown in Table 3 (right column), and were
intermediate between the early and delayed prophylaxis arms.

In an effort to relate joint outcomes to bleeding, repeated measures
correlations were performed between J-ABR, CPJAS, and eMRI

scores at the individual joint level. Figure 2 displays relationships
between joint bleeding and physical or imaging examinations,
adjusting for decreased joint variation within participants. Figure 2A-B
show eMRI scores in relationship to same joint ABR, with the
individual joints of a participant depicted in a single color. It is noted
that the majority of joints with obligate osteochondral damage
(eMRI score . 9) had a corresponding J-ABR of ,2. Figure 2C
shows significant correlation between variables for all participants,
as well as for each prophylaxis group. J-ABR was moderately
correlated with CPJAS score (r 5 0.31, r 5 0.40, and r 5 0.30 for
all noninhibitor participants, early prophy, and delayed prophy,
respectively; all P , .001), and moderately to strongly correlated
with eMRI score (r5 0.49, r5 0.69, and r5 0.45 for all noninhibitor
participants, early prophy, and delayed prophy, respectively; all P ,
.001) at the level of individual joints.25,26 The early prophylaxis group
showed more significant correlation between MRI and joint physical
examination because there was less variability in the joint ABR. The
effect was also seen when comparing outcomes at age 6 years
(supplemental Figure 1) but was obscured when total body scores
were substituted for individual joint scores.

There were 3 joint surgeries: 1 ankle fusion and 1 knee synovectomy
on the delayed prophylaxis arm, and 1 ankle fusion on the early
prophylaxis arm.

Longitudinal outcomes

Figure 3 shows changes in joint MRI and physical examination
scores over time in the 2 study groups. A 2 3 3 mixed-model
ANOVA on MRI scores revealed a main effect of age (F 5 10.98;
P 5 .003) but not treatment group (F 5 1.91; P 5 .18), possibly
from low numbers (observed power, 0.26). Physical examination
scores also increased with age (F 5 7.04; P 5 .002), and differed
marginally between treatment groups (F 5 3.95; P 5 .06), but this
also suffered from low power (0.48). No interactions between age
and treatment group were observed (P5 .50, P5 .98), suggesting
that the rate of joint change over time did not substantially differ
between treatment groups.

Joint Outcome Study (JOS)
Ages 2.5 to 6 years

32 Prophylaxis
25 units/kg rFVIII QOD,
40 units/kg for bleeds

18
Early

Prophylaxis

15
Early

Prophylaxis
Analyzed

3 excluded
from analysis*

19
Delayed

Prophylaxis

18
Delayed

Prophylaxis
Analyzed

1 excluded
from analysis*

* Participants with
High Titer Inhibitor

1 missing MRI

65 Participants
with Severe

Hemophilia A
Randomized

33 Enhanced Episodic
40 units/kg rFVIII, then

20 units/kg rFVIII
24 and 72 hrs later

Joint Outcome Continuation Study (JOS-C)
to Age 18 years

Age 6:
Joint Failure

(MRI Osteochondral
Damage)

Episodic vs Prophylaxis
RR 6.1

(95% Cl 1.5,24.4)
Manco-Johnson et al.4

Figure 1. Follow-up and analysis of study participants. All participants of the JOS were eligible to enroll in the JOS-C prior to age 18 years. CI, confidence interval;

QOD, every other day; RR, relative risk.

Table 1. Baseline characteristics of JOS-C study participants at the

time of JOS study exit (age 6 y)

Baseline characteristics at age 6 y

Early

prophylaxis

Delayed

prophylaxis P

Participants in analysis, n 15 18

Age of prophylaxis initiation,
mean (SD), y

1.3 (0.4) 7.6 (3.5) ,.0001

MRI OC damage, n/N (%)

Boys with OC damage 1/15 (6.7) 9/18 (50) .020

Joints with OC damage 1/89 (1) 9/102 (9) .021

No MRI damage, eMRI score < 1,

n/N (%)

Boys with no damage 11/15 (73) 6/18 (33) .022

Joints with no damage 85/89 (96) 81/102 (79) .001

eMRI, median (IQR) of participant

joint averages

MRI score 0.08 (0-0.3) 0.6 (0.02-1.7) .07

OC MRI score 0 (0-0) 1.2 (0.3-3.1) .05

ABR prior to age 6 y, mean (SD)

Joint ABR 0.7 (0.8) 3.8 (2.8) .0002

ABR 3.2 (3.1) 14.4 (6.6) .0072

CPJAS, average per joint,

mean (SD)

Physical examination score 1.0 (0.9) 1.7 (1.4) .094

Numbers expressed as mean (SD) or median (IQR) for continuous variables depending
on normal or skewed distribution, and number (percentage) for count variables. Maximum
CPJAS score, 31 points per joint; maximum MRI score, 45 per joint; maximum OC score,
36 per joint.
OC, osteochondral.
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Physical activity and sports

Sports and physical activity data were available for 24 participants
without inhibitors, including 12 early and 12 delayed prophylaxis
(Table 4). There was no osteochondral damage in 66% of early
prophylaxis boys playing moderate-/high-risk sports (vs 67% of early
prophylaxis overall) or in 37.5% of delayed prophylaxis playing
moderate-/high-risk sports (vs 23% of delayed prophylaxis overall).
All boys were on prophylaxis during sports participation, but factor
administration data were not sufficiently detailed to determine whether
replacement therapy was immediately prior to sports participation.

Quality of life

There was no difference in the total score or any score domain,
including physical, of the Haemo-QOL when comparing scores at
JOS-C exit for participants in early vs delayed prophylaxis (mean
[SD] total score, 18.7 [9.4] vs 14.3 [8.1] of 100, higher scores
worse, P 5 .16), or scores for participants with vs without
osteochondral damage (mean [SD] total score, 15.2 [7.4] vs 17.2
[10.8]; P 5 .56). In the free response section, most participant
comments centered on the inconvenience and pain of infusion, or
on limitations related to entering certain professions (ie, the military).

Table 2. Comparison of full JOS population and JOS-C subset

JOS*† JOS-C subset‡

Prophylaxis Episodic Early prophy Delayed prophy

Bleeds prior to JOS entry, mean (range)

Total joint bleeds 1.0 (0-5) 0.6 (0-3) 0.8 (0-3) 0.4 (0-3)

Total bleeds 6.2 (0-35) 6.8 (0-32) 8.1 (0-35) 8.1 (0-32)

Annualized bleeds at age 6 y, mean (SD)

Joint bleeds 0.6 (1.4) 4.9 (3.57) 0.7 (0.8) 3.8 (2.8)

Total bleeds 3.3 (6.2) 17.7 (9.3) 3.2 (3.1) 14.4 (6.6)

*Data from Manco-Johnson et al.4

†For JOS, relative risk of MRI OC damage at age 6 years (episodic/prophylaxis) was 6.1 (95% CI, 1.5, 24.4).
‡For the JOS-C subset, relative risk of MRI OC damage at age 6 years (episodic/prophylaxis) was 6.09 (95% CI, 0.92-40.21).

Table 3. Outcome data

Early prophylaxis Delayed prophylaxis P, early vs delayed prophylaxis High-titer inhibitor

Participants in analysis, n 15 (14 with MRI) 18 N/A 4

Age of JOS-C exit, mean (SD) 17.5 (1.7) 18.4 (0.3) .1 18.7 (0.2)

MRI OC damage, n/N (%)

Participants with OC damage 5/14 (35) 14/18 (77) .02* 2/4 (50)

Joints with OC damage 11/84 (13) 26/108 (24) .06 3/24 (13)

Participants with surgery for hemophilic arthropathy 1 2 N/A 0

No MRI damage, eMRI < 1, n/N (%)

Participants with no damage 2/14 (14) 2/18 (11) .79 0/4 (0)

Joints with no damage 40/84 (48) 48/108 (44) .66 9/24 (38)

eMRI, median (IQR) of participant joint averages

eMRI score 1.3 (0.5-2.2) 2.3 (1.3-5.0) .17 0.8 (0.7-2.0)

OC eMRI score 0.04 (0-0.8) 1.2 (0.3-3.1) .08 0 (0-1.0)

Lifetime, mean (SD) [median (IQR)]

J-ABR 1.5 (1.2) [1.1 (0.7-2.3)] 4.3 (3.7) [3.9 (2.4-5.2)] .007* 2.0 (1.8)

ABR 3.5 (2.1) [2.7 (2.2-4.7)] 10.6 (6.6) [9.5 (6.5-11.8)] ,.001* 7.4 (8.8)

After prophy start, mean (SD) [median (IQR)]

J-ABR 1.6 (1.4) [1.1 (0.7-2.6)] 4.0 (4.6) [2.8 (1.7-4.7)] ,.05* 2.5 (2.5)

ABR 3.3 (1.9) [2.7 (2.1-4.7)] 6.2 (5.3) [4.6 (2.4-8.6)] ,.05* 5.0 (4.3)

CPJAS, mean (SD) of participant joint averages

Physical examination score 2.4 (1.6) 3.2 (2.2) .23 2.4 (1.0)

Percent adherence, mean (SD) 91.5 (9.4) 82.2 (17.4) .1

Numbers expressed as mean (SD) or median (IQR) for continuous variables depending on normal or skewed distribution, and number (percentage) for count variables. ABRs were
normally skewed but are shown as both mean (SD) and median (IQR) for comparison with other publications. High-titer inhibitor descriptive statistics are also shown. Maximum CPJAS score
31 points, per joint; maximum MRI score, 45 per joint; maximum osteochondral score, 36 per joint.
*P , .05 between groups.
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Participants with inhibitors

By the end of the JOS, all patients except 2 on the episodic arm had
exposure to .50 doses of factor, and those 2 participants did not
enroll in the JOS-C. Three participants of the JOS-C had a history of
high-titer inhibitor, with peak titers 70 and 30 Bethesda units (BU) in
the early prophylaxis arm and 21 BU in the delayed prophylaxis arm.
An additional 3 children in the early prophylaxis arm developed
inhibitors after JOS exit, including a high-titer inhibitor peaking at
16.4 Bethesda units (BU) that developed after 1751 factor
exposures and 2 transient low-titer inhibitors (1.4 and 0.8 BU) that
developed after 979 and 1001 factor exposures. Those with
a history of high-titer inhibitors (.5 BU) were excluded from the

outcome analysis of the JOS-C, as their outcomes were not felt to
be a true reflection of early vs delayed prophylaxis, and their data are
presented separately (Table 3). Two of 5 boys on early prophylaxis
with osteochondral damage had a low-titer inhibitor.

Discussion

In this study, children who had initiation of FVIII prophylaxis delayed
beyond 6 years of age continued to have significantly increased risk
of MRI osteochondral damage and higher ABR and J-ABR than
those who started prophylaxis prior to age 2.5 years, and prior to
any joint damage on MRI.4 This supports the recommendation of the
World Federation of Hemophilia that early initiation of prophylaxis,
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dotted line represents the summary correlation for all data. (C) Additional repeated measures correlations with CPJAS scores.
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Figure 3. Longitudinal comparison. Average joint MRI scores (A) and physical examination scores (B) at JOS exit, JOS-C entry, and JOS-C exit between early prophylaxis

(blue) and delayed prophylaxis (red) groups. Table column headers also reflect radiograph time-point labels for graphs. Error bars represent standard error mean.
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prior to the first joint bleed, is critical to maintaining joint health in
patients with severe hemophilia.11 This age is critical as most 6-year
olds can receive peripheral infusions every other day without a port,
whereas many 2-year olds cannot; central venous access devices
make infusion easier but require surgery and can lead to infection,
thrombosis, and mechanical malfunction. These results confirm
previous retrospective studies showing that joint outcomes are
better with earlier initiation of prophylaxis.9,27-29 In addition, the
ESPRIT trial, in which Italian children ages 1 to 7 years with severe
HA were randomized to prophylactic or episodic treatment of
bleeding, showed that the 8 children who started prophylaxis prior
to age 3 years had no radiograph evidence of joint damage by
Pettersson score at age 12 years, whereas many who started
prophylaxis later did have joint damage on radiograph.30 Nijdam
et al31 showed decreased radiograph evidence of hemophilic
arthropathy in patients starting prophylaxis before vs after age
6 years, although they did not see a difference in radiograph
outcomes comparing prophylaxis initiation before and after age
3 years. The JOS-C used MRI, which is more sensitive than
a radiograph to earlier but clinically significant joint damage.32

This study is the first to our knowledge with long-term follow-up of
children with severe HA whose treatment regimen was initially
randomized.

These results are striking in part because only a very small
proportion of participants and joints survived to adolescence
without damage, despite full early prophylaxis (Table 3). Equally
striking in both early and delayed prophylaxis groups was the
relatively low individual joint ABR that resulted in joint damage on
MRI and examination (Figure 2), emphasizing that it is important to
prevent every joint bleed.

Joint MRI scores progressed more rapidly prior to age 14 years in
children in delayed prophylaxis. This demonstrates the importance
of bleeding on bone and cartilage development during the growing
years and argues for the critical need of early institution of
prophylaxis. Joint physical examination scores increased progres-
sively through childhood and adolescence but were consistently
higher in participants on delayed prophylaxis. Figure 3 shows that
MRI is more sensitive than physical examination in detecting early
damage. This suggests that early prophylaxis is more efficacious
than delayed prophylaxis in limiting joint damage, but that joint
damage may occur despite early initiation of prophylaxis using
every other day prophylaxis with conventional recombinant FVIII.

Standard prophylaxis is inadequate to completely protect joints in
severe HA, and improved treatment regimens are required to
achieve an optimal end point. No interactions between age and
treatment group were observed in ANOVA analysis, suggesting that
the rate of joint change in the treatment groups did not substantially
differ from each other.

Individual joint eMRI scores for a participant were significantly
related to that same joint’s ABR. This relationship between joint-
specific bleeding rate and joint damage was stronger for the early
prophylaxis group than for the delayed prophylaxis group
(Figure 2C). This is due in part to the reduced variability in individual
joint ABRs for the early prophylaxis group, with the majority of joint
ABRs being very low. Individual joint physical examination and eMRI
scores also correlated well, which indicates that joint physical
examination is useful for joint monitoring in hemophilia, albeit
delayed beyond evidence of damage on MRI. A specific threshold
for physical examination score indicative of MRI joint damage could
not be determined in this relatively small cohort.

Sports participation was common in children and adolescents with
severe HA on prophylaxis and did not lead to an overall increase in
hemophilic arthropathy (Table 4). This evidence supports the data
of Broderick et al that physical activity is related to a transiently
increased bleeding risk and mitigated by the factor level at the time
of participation.33 This study confirms that sports participation on
prophylaxis in the absence of joint bleeding does not worsen joint
outcomes in severe hemophilia.

Overall Haemo-QOL scores reflected a good quality of life. The lack
of difference in mean scores between treatment groups and
osteochondral damage categories may reflect Haemo-QOL’s low
sensitivity to detect differences in quality of life in generally healthy
adolescents, or the small contribution of early joint damage to
lessened quality of life.

There are weaknesses of the study to be noted. Only 57% of those
in the JOS continued in the JOS-C. The interim data between JOS
exit and JOS-C entrance were collected retrospectively, which was
less accurate than continuous prospective data collection would
have been. Because of the technology available when the study
began, infusion data were collected using paper logs, which may
have been less accurate and more easily lost than electronic logs.
Although bleeding episode data were corroborated with medical
records, it is possible that not all bleeding episodes were captured,
and that bleeding rates may be underestimated. In addition, for
adherence calculations, the frequency of prophylaxis (3 times per
week or every other day) was not always clear retrospectively;
assuming prophylaxis 3 times per week could have overestimated
adherence.

Another potential weakness is the choice of physical examination
scale. Complete psychometric validity has not yet been established
for the pediatric Colorado Joint Assessment Scale; however, the
related Colorado Adult Joint Assessment Score (CAJAS) has been
fully validated.34 The CPJAS has been shown to have good
interrater reliability, and normal values have been established in age-
matched healthy controls.20 The CPJAS was chosen because it
preserved all of the elements of the original JOS score.21 The
complete psychometric validation in pediatrics of the Hemophilia
Joint Health Score (HJHS), more commonly used today, was
published after the JOS-C began35 and has more scoring element

Table 4. Sports participation and OC joint damage

Maximum NHF risk

category of sports

Early prophylaxis

participant count

Delayed prophylaxis

participant count

No MRI OC

damage

MRI OC

damage

No MRI OC

damage

MRI OC

damage

1: Low 1 1 0 3

1.5: Low to moderate 1 0 0 1

2: Moderate 1 0 0 1

2.5: Moderate to high 5 3 3 4

3: High 0 1 0 0

Total 8 5 3 9

Sports participation did not seem to contribute to OC joint damage in the 24 participants
without inhibitors who provided sports participation data.
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differences from the original JOS scoring system than the CPJAS,
which would have compromised longitudinal analysis. Additional
information on these scores is provided in the supplemental Data.

Initiation of prophylaxis prior to age 2.5 years is critical to protect the
joints of patients with severe hemophilia. Those who have delayed
prophylaxis initiation continued with a greater bleeding frequency
and subsequent arthropathy development after prophylaxis initia-
tion. Equally critical is the confirmation that every joint bleed count
and low J-ABR can be associated with joint damage reflected in
eMRI and physical examination.

The short-term bleeding outcomes of new hemophilia treatments
such as emicizumab12,13 are quite promising for reducing bleeding;
thus far, MRI or physical examination scores have not been
reported, and the longest published follow-up period has been
,1 year.36 The outcomes reported by the JOS-C, which followed
joint development to the end of childhood, reveal the benefits and
limitations of standard recombinant prophylaxis for severe hemo-
philia, and provide a reference standard against which outcomes of
novel therapies could be compared.
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