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Immune-mediated thrombotic thrombocytopenic purpura (iTTP) is characterized by
recurring episodes of thrombotic microangiopathy, causing ischemic organ impairment.
Black patients are overrepresented in iTTP cohorts in the United States, but racial
disparities in iTTP outcome and response to therapy have not been studied. Using the
United States Thrombotic Microangiopathies Consortium iTTP Registry, we evaluated the
impact of race on mortality and relapse-free survival (RFS) in confirmed iTTP in the United
States from 1995 to 2020. We separately examined the impact of rituximab therapy and
presentation with newly diagnosed (de novo) or relapsed iTTP on RFS by race. A total of

® Race affects overall
relapse risk and
response to rituximab
iniTTP.

® Black patients
may require
closer monitoring,
earlier retreatment,
and alternative
immunosuppression
after rituximab.

645 participants with 1308 iTTP episodes were available for analysis. Acute iTTP mortality
did not differ by race. When all episodes of iTTP were included, Black race was associated
with shorter RFS (hazard ratio [HR], 1.60; 95% Cl, 1.16-2.21); the addition of rituximab to
J corticosteroids improved RFS in White (HR, 0.37; 95% CIl, 0.18-0.73) but not Black

patients (HR, 0.96; 95% Cl, 0.71-1.31). In de novo iTTP, rituximab delayed relapse, but
Black patients had shorter RFS than White patients, regardless of treatment. In relapsed iTTP, rituximab significantly
improved RFS in White but not Black patients. Race affects overall relapse risk and response to rituximab in iTTP.
Black patients may require closer monitoring, earlier retreatment, and alternative immunosuppression after rituximab
treatment. How race, racism, and social determinants of health contribute to the disparity in relapse risk in iTTP
deserves further study.
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outcome in acute iTTP.>* Despite these advances, iTTP remains
a chronic relapsing disorder, and each relapse carries significant
risk of morbidity and death.> The use of immunosuppressants
likely reduces the risk of relapse; corticosteroids and rituximab
are recommended by recent intemational guidelines.® However,
no large randomized trials exist to confirm the benefit of adding
rituximab to treatment for iTTP; rather, only 2 small European
single-arm trials have been completed.”®

Introduction

Immune-mediated thrombotic thrombocytopenic purpura (iTTP)
is a rare hematologic disorder characterized by life-threatening
episodes of microangiopathic hemolytic anemia, thrombocyto-
penia, and ischemic end-organ impairment. iTTP is caused by
an autoantibody-mediated deficiency of the von Willebrand Fac-
tor (VWF)—cleaving protease ADAMTS13, resulting in ultralarge
VWF  multimers, VWF/platelet thrombus development, and

microvascular organ damage.’? Mortality resulting from acute
iTTP has been drastically reduced, from >90% to <10%,
with the introduction of therapeutic plasma exchange (TPE), and
the addition of caplacizumab is expected to further improve

In the United States, Black patients are highly overrepresented in
iTTP cohorts.? However, racial disparities in long-term iTTP out-
come have not been well studied. A large proportion of observa-
tional data and trials informing treatment practices, including the
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use of rituximab, in iTTP come from European cohorts.”® We
used the United States Thrombotic Microangiopathies (USTMA)
Consortium iTTP Registry, which includes data from 15 high-
volume referral centers in the United States and is the largest reg-
istry of its kind, to examine racial differences in survival and
relapse in iTTP.

Methods

Participant cohort and study outcomes

The study cohort included participants with iTTP treated at the
15 participating USTMA sites from 1990 to 2020. iTTP diagnosis
was based on the presence of thrombocytopenia (platelet count
<100 X 10°/L), microangiopathic hemolytic anemia (hemoglo-
bin below the lower limit of normal, with schistocytes on the
peripheral blood smear), and either ADAMTS13 activity <10%
or ADAMTS13 activity <20% with an inhibitor or antibody. Par-
ticipants whose first iTTP episode occurred before 2006, when
the ADAMTS13 assay became available, were included only if
they had a subsequent relapse with documented ADAMTS13
deficiency. When this criterion was applied, no patients diag-
nosed before 1995 remained in the cohort, and the cohort for
analysis included only episodes occurring between 1995 and
2020. For these participants, data on all available episodes
(including episodes before relapse with ADAMTS13 confirma-
tion) of iTTP were recorded. Participants were followed from
iTTP diagnosis (or first clinical contact after iTTP diagnosis) until
date of death or last contact. Institutional review boards at all
participating institutions approved the study. Treatment of par-
ticipants included daily TPE until a normal platelet count was
sustained for at least 2 consecutive days plus immunosuppres-
sion. Treatment groups were defined as corticosteroids alone
(no specified dose or schedule) or corticosteroids plus 4 doses
of rituximab at 375 mg/m? No participants were treated with
caplacizumab.

The primary outcomes of interest were acute iTTP-associated
death and relapse-free survival (RFS). Acute iTTP-associated
death was recorded if death occurred during hospitalization for
iTTP and iTTP was judged as a contributor to or cause of death
by the investigator. Non-iTTP-associated death was not
recorded. Relapse was defined as recurrence of iTTP after at
least 30 days of remission (return to a normal platelet count and
lactate dehydrogenase [LDH] level after stopping TPE), and
each relapse was treated as an independent event; recurrence
within 30 days was considered an exacerbation or continuation
of the prior episode.

Statistical analysis

Data were summarized as counts (and percentages) and means
(standard deviations) for categorical and continuous variables,
respectively. We used logistic regression to evaluate predictors
of mortality resulting from acute iTTP episodes, adding race as a
variable to factors previously identified as predictive of
mortality.”" " Predictors of RFS were examined using Cox
proportional hazards models for recurrent events.'* Covariates
in both models were selected based on biologic plausibility.

To evaluate potential contributors to risk of relapse, including

age, sex, occurrence of exacerbation, LDH >10X the upper
limit of normal (ULN), first episode (we use the term de novo
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throughout) vs relapse episode, race, and treatment with rituxi-
mab or corticosteroids alone, we used the Prentice-Williams-
Peterson gap time approach for modeling time to recurrent
events by fitting mixed-effects Cox proportional hazards models,
stratified by episode number, with fixed-effects terms for the
potential risk factors and random-effects terms for participant
and site.

A test for differential treatment effect by race was obtained by
including a treatment-by-race interaction term. In analyses of the
de novo cohort, participants were followed only until their first
relapse, if any, so we fit Cox models without stratifying by epi-
sode or including a random effect for participant; any additional
episodes were included in the relapsed cohort analysis. Predic-
tors for both models were selected based on biologic plausibil-
ity; the LDH criterion was based on a previous report that this
conferred a high risk of mortality with acute iTTP episodes."’

The probability of receiving rituximab treatment (propensity
score) was estimated for each participant using logistic regres-
sion, with symptom severity, laboratory severity (LDH >10X
ULN), presence of exacerbation, number of TPEs, and natural
cubic spline for calendar year as predictors of treatment assign-
ment. Inverse probability of treatment weights was calculated
from the propensity scores.

Based on the findings from the Cox model that race was the
strongest risk factor for relapse and that there was a significant
treatment-by-race interaction, survival estimates by treatment for
each race were examined. Consistent with previous reports, our
initial model also suggested that presenting in relapse was a risk
factor for relapse,’® so additional analyses separated de novo
and relapsed iTTP episodes. Race and treatment emerged as
risk factors for relapse for both de novo and relapsed iTTP
cohorts; we therefore developed separate models for the de
novo and relapsed cohorts to compare RFS by race and treat-
ment (corticosteroids vs corticosteroids plus rituximab). RFS at
specific time points (years 1, 3, and 5) was compared using the
Klein method, and survival estimates were generated using the
Kaplan-Meier estimator."®

We expected that participants with more severe iTTP episodes
would be more likely to receive rituximab and that rituximab use
would increase over time. Therefore, to account for selection
bias, we estimated propensity scores for rituximab treatment
using clinical markers of severity and calendar year. We used
these propensity scores to adjust the Kaplan-Meier estimates of
RFS for treatment selection bias using inverse probability of
treatment weighting and compared them with the unweighted
estimates.

We examined differences in mortality, treatment, preemptive
immunosuppression (defined as therapy administered when
ADAMTS13 activity was <10% with a normal platelet count),’”
and ADAMTS13 recovery after rituximab to explain the racial
disparity. To assess differences in ADAMTS13 recovery, for each
episode, we estimated the ADAMTS13 recovery slope using
longitudinal linear mixed-effects models to fit a line to each par-
ticipant's activity levels between day 1 and day 90 of remission.
Then we estimated the relationship between the risk of relapse
and ADAMTS13 recovery using joint modeling of longitudinal
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(ADAMTS13 recovery slope) and time-to-event (relapse) data by
race and treatment groups.

Analyses were conducted using R (version 4.0.3), including the
packages coxme (version 2.2-16) for mixed-effects Cox models,
RISCA (version 0.9) for inverse probability of treatment
weighting-adjusted survival curves, and JM (version 1.4-8) for
joint models of longitudinal and survival data (R: a language and
environment for statistical computing; https://www.r-project.
org/; R package coxme [version 2.2-16]: mixed effects Cox mod-
els; https://cran.r-project.org/package=coxme; RISCA: causal
inference and prediction in cohort-based analyses; https://
CRAN.R—|oroject.org/package=RISCA).18

Results

Study cohort

The USTMA Consortium iTTP Registry contains data from 790
unique participants from 15 institutions; 645 met inclusion crite-
ria for this study, with 1049 episodes of iTTP (Figure 1). Table 1
summarizes demographic and clinical characteristics of the
cohort by race. Supplemental Figure é shows the distribution of
race by center.

Race- and iTTP-associated mortality

Acute iTTP-associated death occurred in 35 (3.3%) of 1049 epi-
sodes: 21 (3.2%) of 651 episodes in Black patients, 13 (3.7%) of
354 episodes in White patients, and 1 (2.3%) of 44 episodes in
patients of other/unknown race. A logistic regression model for
mortality, including race, age, sex, de novo status, exacerbation,
and LDH >10X ULN, did not show a significant effect of race
(White vs Black: OR, 1.03; 95% Cl, 0.49-2.16; P = .94; other/
unknown vs Black: OR, 0.69; 95% CI, 0.09-5.25; P = .72). Age
(OR per 10 years, 1.53; 95% Cl, 1.21-1.93; P < .001), male sex
(OR, 2.90; 95% Cl, 1.44-5.84; P < .001), and de novo episode

(OR, 2.12; 95% Cl, 1.00-4.52; P = .051) were most strongly
associated with mortality (Figure 2).

Race and RFS

Relapses of iTTP occurred in 34% (218 of 645) of participants
overall, including in 40% (150 of 373) of Black patients, 26% (62
of 236) of White patients, and 17% (6 of 36) of patients of other/
unknown race. We excluded participants who were followed for
<90 days, received treatment other than either corticosteroids
or rituximab, or received preemptive immunosuppressive ther-
apy (Figure 1). In the Cox proportional hazards model evaluating
predictors of RFS, 501 unique participants were included. Black
race was associated with shorter RFS, even after adjusting
for treatment (corticosteroids vs corticosteroids plus rituximab;
Figure 3).

Based on these initial results, we examined RFS by race and
treatment in further detail. Rituximab (vs corticosteroids alone)
improved RFS in White patients (with de novo or relapsed iTTP;
HR, 0.37; 95% CI, 0.18-0.73; P = .0044; 5-year RFS, 78% vs
48%) but did not seem to improve RFS in Black patients (HR,
0.96; 95% Cl, 0.71-1.31; P = .81; 5-year RFS, 36% vs 43%,;
Figure 4A). The treatment-by-race interaction test in this analysis
indicated that the relationship between treatment and RFS dif-
fered by race (P < .001). The lack of improvement in RFS in
Black patients receiving rituximab was unexpected, so we then
analyzed RFS by race separately for de novo or relapsed iTTP
cohorts because previous reports suggested presenting in
relapse is a major risk factor for subsequent relapse.

Effect of race, prior relapse, and treatment

on RFS

Survival analyses of de novo and relapsed iTTP cohorts are pre-
sented in supplemental Figure 7. The de novo iTTP cohort
included 267 patients, and the relapsed iTTP cohort included

645 participants (1308 episodes)

v
I

645 participants (1049 episodes)

» Exclude exacerbations

v
I

645 participants (1032 episodes)

» Preemptive treatment

p Early loss of follow up

v
I

554 participants (904 episodes)

Treatments other
» than rituximab or

v
I

Overall model of RFS = 501 participants (767 episodes)

corticosteroids

Analysis by cohort l

De novo cohort

(267 episodes)

267 participants —————p 296 participants
62 relapses

|

Relapse cohort

(500 episodes)

Figure 1. Study cohort. A total of 645 participants in the USTMA Consortium iTTP Registry had a confirmed diagnosis with ADAMTS13 deficiency. An exacerbation
was counted as a continuation of the iTTP episode that preceded it. We excluded episodes preceded by preemptive therapy (n = 17), patients lost to follow-up, and

patients who received therapy other than corticosteroids or rituximab.
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Table 1. Characteristics of study cohort by race

All Black White Other/unknown P
No. of patients 645 373 (57.8) 236 36
No. of episodes 1049 651 (62.1) 354 44
Sex .36
Female 457 (71) 257 (69) 175 (74) 25 (69)
Male
Age at time of 44 (34, 55) 44 (35, 56) 44 (33, 55) 45 (33, 56) 73
episode, y
Episode type .07
De novo 358 (34) 205 (31) 136 (38) 17 (39)
Relapsed 691 (66) 446 (69) 218 (62) 27 (61)
Exacerbation 201 (19) 139 (21) 56 (16) 6 (14) .07
LDH >10X ULN 74 (7) 53 (8) 19 (5) 2 (5) .24
Treatment <.0001
Corticosteroids 435 (41) 284 (44) 139 (39) 12 (27)
alone
Rituximab* 443 (42) 288 (44) 132 (37) 23 (52)
Other 171 (16) 79 (12) 83 (23) 9 (20)
Follow-up time, y 2.3(0.4,5.5) 2.7 (0.6, 5.9) 2.2 (0.1, 5.6) 1.3 (0.1, 3.5) .02

Data are given as n (%) or median (interquartile range). Sex and follow-up time are summarized per patient; all others are summarized per episode.

*Of 443 episodes treated with rituximab, 426 (96.2%) were treated with 375 mg/m2 for 4 weekly doses and 15 (3.4%) with 375 rng/m2 for 4 doses on days 1, 4, 8, and 15; 2 (0.5%)
were treated with a combination of the 2 regimens.

296 patients (including 62 patients of the original de novo iTTP
cohort who relapsed during follow-up). In the de novo cohort,
overall RFS was significantly longer in participants treated with
rituximab compared with those treated with corticosteroids
alone (HR, 0.57; 95% ClI, 0.35-0.92; P = .022). However, when
we examined RFS using the Klein method, rituximab improved

Age (per 10 years) -

Male (vs. female) 1

Exacerbation (vs. none)

LDH > 10 ULN (vs. not)

De novo (vs. relapse) -

White race (vs. Black)

Other race (vs. Black) -

0.125 0.250 0.500  1.000 2.000 4.000 8.000
0dds ratio, risk of acute mortality

RFS at 1 year (92% vs 79%; P = .0017) and 3 years (78% vs
63%; P = .022) but not 5 years (59% vs 55%; P = .62), which
suggests the effect wears off over time. In the relapsed iTTP
cohort, rituximab was not associated with longer overall RFS (HR
0.86 (0.61-1.20), P = .37); however, RFS was higher in the rituxi-
mab group at 1 year (82% vs 72%; P = .01) but not at 3 years

Figure 2. Risk factors for mortality in patients presenting with de novo or relapsed iTTP. A multivariate model of mortality from iTTP failed to demonstrate an
effect of race on mortality. Minor edits made with Biorender.com.
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Age (per 10 years) ot HR 0.95 (0.86-1.05), P = 0.30

Male (vs. female) ——i HR 1.00 (0.74-1.36), P = 0.99
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Relapse (vs. de novo) —e— HR 1.44 (1.01-2.07), P = 0.044

Other race (vs. White) = HR 0.64 (0.24-1.72), P = 0.38

Black race (vs. White) —e—1 HR 1.60 (1.16-2.21), P = 0.0039
Rituximab (vs. steroid) 1 —e—p HR 0.77 (0.58-1.01), P = 0.062
0.I25 O.I50 1.00 2.60 4.2)0
Hazard ratio, risk of relapse episode

Figure 3. Risk factors for iTTP relapse. A multivariate model of relapse identified race as the strongest predictor of relapse, along with a significant effect of previous
relapse and a trend toward treatment with rituximab being protective against relapse. Minor edits made with Biorender.com. HR, hazard ratio.

(53% vs 46%; P = .19) or 5 years (41% vs 40%; P = .81), sug-
gesting that benefit, if any, is shorter lived in relapsed iTTP. On
analyzing the cohorts separately by race, an interaction between
race and treatment was observed in the relapsed cohort
(P = .0035) but not in the de novo cohort (P = .45).

Given the treatment and race interaction, we then analyzed RFS
in subcohorts of relapse status and race by treatment: de novo
and White, de novo and Black, relapsed and White, and
relapsed and Black participants (Figure 4B-C). In White partici-
pants with de novo iTTP, rituximab was not associated with
improved overall RFS (HR, 0.47; 95% ClI, 0.16-1.41; P = .18).
When separate time points were analyzed, there was no differ-
ence in RFS at 1 year (93% vs 88%; P = .40), 3 years (82% vs
70%; P = .29), or 5 years (82% vs 61%; P = .10). In Black partici-
pants with de novo iTTP, rituximab did not improve overall RFS
(HR, 0.70; 95% Cl, 0.40-1.20; P = .20). RFS was improved at
1 year (91% vs 76%; P = .0064) but not at 3 years (75% vs 60%;
P = .080) or 5 years (47% vs 52%; P = .68).

In relapsed iTTP (500 episodes in 296 participants), rituximab
significantly improved RFS among White participants (HR, 0.26;
95% Cl, 0.09-0.77; P = .015) but not among Black participants
(HR, 1.08; 95% CI, 0.74-1.58; P = .69; Figure 4C). In White
patients, RFS with rituximab compared with corticosteroids
alone was 95% vs 71% at 1 year (P < .0001), 79% vs 44% at
3 years (P = .00012), and 75% vs 40% at 5 years (P = .00033).
In Black patients, RFS with rituximab compared with corticoste-
roids alone was 77% vs 72% at 1 year (P = .29), 44% vs 47% at
3 years (P = .69), and 31% vs 38% at 5 years (P = .28).

Effect of selection bias on RFS

Treatment propensity scores were created for episodes treated
by rituximab and corticosteroids or corticosteroids alone. An
increasing proportion of episodes were treated with rituximab
over time (Figure 5), and participants with more severe episodes
were more likely to be treated with rituximab (supplemental Fig-
ure 8). However, when we adjusted our models using inverse
probability treatment weighting, we observed little change in
5-year RFS curves (supplemental Figure 9).

We next examined differences in access to care and treatment

patterns. The proportion of episodes treated with rituximab did
not differ between Black and White participants (51% vs 47%;

RACE AND TTP

P = .34). There was no significant difference in the proportion
of episodes treated with preemptive therapy between races
(Black, 1.8%; other/unknown, 2.3%; White, 1.1%; P = .41).

Early ADAMTS13 recovery and relapse

ADAMTS13 activity levels after iTTP remission were available for
128 iTTP episodes, 103 of which were treated with rituximab, 28
in the de novo group and 75 in the relapsed group (Table 2).
Overall, faster ADAMTS13 recovery in the first 3 months was
protective against relapse (HR, 0.79 for each 0.25 rise in slope
[rise ADAMTS13 activity per day]; 95% Cl, 0.64-0.98; P = .03).
However, when only iTTP episodes treated with rituximab were
included, the slope of ADAMTS13 recovery was not associated
with relapse overall or within de novo and relapsed groups. We
found no differences in rate of ADAMTS13 recovery by race or
treatment. We could not evaluate the association of durability of
ADAMTS13 response with RFS because of the sparsity of data
points (ADAMTS13) at >1 year from the acute episode.

Discussion

In the largest multicenter study of iTTP in the United States, we
identify for the first time an important racial disparity in iTTP out-
comes between Black and White patients. Black race is associ-
ated with higher relapse risk, even after adjusting for treatment
with rituximab and selection bias. Although treatment with rituxi-
mab delays relapse in de novo iTTP, Black patients had shorter
RFS than White patients regardless of treatment. Importantly, in
relapsed iTTP, rituximab significantly improved RFS in White but
not in Black patients. This suggests that in relapsed iTTP, Black
patients in particular are more likely to have a much shorter-
lived response to rituximab and benefit from closer monitoring
and consideration of alternative immunosuppressive therapies.

Rituximab is recommended by the recent International Society
on Thrombosis and Haemostasis guidelines on iTTP manage-
ment and is widely used for the treatment of iTTP.® A French
series of 22 patients with refractory iTTP treated with rituximab
reported improved RFS at 1 year compared with historical
patients but no difference after 1 year, and a phase 2 single-arm
trial with 40 participants from the United Kingdom showed a
reduction in 5-year relapse rate to 10% from 57% in historical
controls.”'? A report from the Oklahoma TTP registry in de
novo iTTP (n = 16; 14 with refractory iTTP) demonstrated
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Figure 5. Treatment selection over time. The use of rituximab for treatment of iTTP increased steadily over time starting with its introduction in the early 2000s.

improved RFS over those treated with corticosteroids alone
(n = 21).%° Our findings likely differ from these previous reports
because our cohort is much larger and had long-term follow-up
but also because racial constructs and the effect of race on
health may differ between Europe and the United States. Rituxi-
mab clearly improves RFS in some patients, and we do not
advocate for withholding rituximab based on these results. How-
ever, our results indicate that the relapse-preventing effect of rit-
uximab seems to be shorter lived in Black patients, especially
those with relapsed iTTP. These patients will require closer
monitoring and consideration of repeat courses of rituximab
or alternative immunosuppression if rituximab does improve
ADAMTS13 activity. This is consistent with another recent US
report that rituximab delays but does not prevent relapse in
iTTP.'® One hypothesis regarding the attenuated benefit of rit-
uximab in some patients with relapsed iTTP is that B cells may
mature to long-lived plasma cells that are not targeted by rituxi-
mab but may respond to therapies such as bortezomib and
daratumumab.?'4

To test potential contributors to this racial disparity, we evalu-
ated access to care, measured by iTTP-related mortality and use
of preventive immunosuppression. We found that iTTP-related
mortality and use of preemptive therapy do not explain the
higher relapse risk and attenuated response to rituximab in
Black patients with iTTP in our cohort. In fact, the proportion of
episodes treated with rituximab and preemptive immunosup-
pression were higher for Black patients. We also evaluated
whether the early immunosuppressive effect of rituximab
reflected in ADAMTS13 recovery differed by race. However,
most individuals recovered ADAMTS13 activity to >25% by 90
days, and there was no difference in early ADAMTS13 recovery
by race.

Racial disparities in long-term response to rituximab have not
previously been studied in iTTP. We hypothesize that B-cell
depletion by rituximab is shorter lived in Black patients but were
unable to examine this in our retrospective data set. However,
Black patients had significantly faster B-cell repletion after anti-
CD20 therapy in a cohort of patients with multiple sclerosis and
neuromyelitis optica.?> Other studies suggest more robust B-cell
responses in African American patients with autoimmune disor-
ders, including multiple sclerosis and lupus.?¢%’ Trials of rituxi-
mab in systemic lupus erythematosus also support these
findings. Trials conducted in Europe, with smaller proportions of
Black patients, have demonstrated greater benefit compared
with results in the United States, suggesting shared immune
mechanisms of refractoriness among patients with lupus and
iTTP.282? Understanding biologic differences in response to tar-
geted immune therapies is critical to improving outcome in
iTTP.

Other genetic and environmental factors may contribute to the
higher iTTP relapse rate in Black patients (eg, a lower frequency
of the HLA-DRB1*04 allele that is protective against iTTP*). It is
also plausible that exposure to ADAMTS13 epitopes from pre-
dominantly White blood donors during TPE leads to a differential
alloimmune boost of ADAMTS13 antibodies and epitope spread-
ing that mirror the higher rate of alloantibody formation in Black
patients after red blood cell transfusion.*’*? Finally, although
ADAMTS13 activity in remission is a logical biomarker for relapse,
reports on its prediction strength are conflicting.**3° Other
non-ADAMTS13-dependent mechanisms likely play a role in
relapse. These may include blood type (a surrogate for VWF
level)™ or differing thresholds for complement activation by ultra-
large VWF.* Race and race-associated biologic, social, and health
care disparities may be key clues to unveiling these risk factors.

Figure 4. Effect of race and rituximab therapy on RFS in patients presenting with de novo or relapsed iTTP. (A) Overall, Black patients had shorter time to relapse
compared with White patients, regardless of treatment. (B) A wearing-off effect of rituximab was found in de novo iTTP, with Black patients seeming to lose the
protective effect of rituximab faster than White patients. (C) A pronounced interaction between race and treatment was evident in relapsed iTTP episodes, where RFS
more than doubled in White patients with the addition of rituximab. There was no difference in RFS in relapsed iTTP in Black patients, whether treated with rituximab

or corticosteroids alone. Minor edits made with Biorender.com.
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Table 2. Rate of early ADAMTS13 recovery and relapse

Mean ADAMTS13 recovery

No. of episodes slope 95% ClI

Treatment 1
Rituximab 103 0.9 0.82-0.99
Corticosteroids alone 13 0.96 0.73-1.19
Other 12 0.65 0.39-0.90

Race .89
Black 79 0.88 0.79-0.98
White 43 0.91 0.76-1.06
Other/unknown 6 0.96 0.61-1.32

HR (per +0.25 increase in

No. of episodes ADAMTS13 recovery slope) 95% Cl
All 128 0.79 0.64-0.98 .03
Rituximab only 103 0.92 0.71-1.18 5
De novo, rituximab 28 0.58 0.18-1.83 .35
Relapsed, rituximab 75 0.99 0.75-1.31 94

Strengths of this study include the large number of participants
representative of the iTTP population in the United States; this is
the largest reported US cohort and among the largest in the
world. Limitations include loss to follow-up and absence of long-
term ADAMTS13 data and biologic samples that limit our mech-
anistic conclusions and the fact that rituximab therapy was not
randomized. Because patients diagnosed between 1990 and
2006 were included only if they survived to have a relapse after
2006, and those with fatal episodes occurring before 2006 were
excluded, the mortality rate in this cohort may have been under-
estimated. Selection bias is a concern common to all observa-
tional studies; however, our conclusions remained valid after we
adjusted for selection bias using propensity scores for treatment
selection. Current efforts of the USTMA Consortium focus on
prospective studies of long-term outcome in iTTP.

In conclusion, we report a novel and important effect of race on
relapse risk and response to rituximab in iTTP. Black patients
with iTTP, particularly those with relapsed disease, may have
suboptimal responses to rituximab and may require closer moni-
toring and other immunosuppressive therapies. There is a critical
need to investigate the mechanisms underlying the observed
differences in natural history and response to therapy between
Black and White patients, including how genetic and environ-
mental factors affect disease biology. Understanding these con-
tributors to relapse will aid in developing personalized strategies
to improve long-term outcomes in all patients with iTTP.
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