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Universitaire de Rangueil, Toulouse, France; 20Service de Néphrologie, Centre Hospitalier Universitaire de Dijon, Dijon, France; 21Service de Réanimation
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KEY PO INT S

l TTP patients who
display persistent and
severe ADAMTS13
deficiency after
remission have a
relapse rate of 74%
during long-term
follow-up.

l Preemptive rituximab
can decrease TTP
relapses in 85% of
patients with a
favorable benefit-risk
balance.

Preemptive rituximab infusions prevent relapses in immune thrombotic thrombocytopenic
purpura (iTTP) by maintaining normal ADAMTS13 activity. However, the long-term out-
come of these patients and the potential adverse events of this strategy need to be
determined. We report the long-term outcome of 92 patients with iTTP in clinical remission
who received preemptive rituximab after identification of severe ADAMTS13 deficiency
(activity <10%) during the follow-up. Thirty-seven patients had >1 iTTP episode, and the
median cumulative relapse incidence before preemptive rituximab was 0.33 episode per
year (interquartile range [IQR], 0.23-0.66). After preemptive rituximab, the median cu-
mulative relapse incidence in the whole population decreased to 0 episodes per year (IQR,
0-1.32; P < .001). After preemptive rituximab, ADAMTS13 activity recovery was sustained
in 34 patients (37%) during a follow-up of 31.5months (IQR, 18-65), and severe ADAMTS13
deficiency recurred in 45 patients (49%) after the initial improvement. ADAMTS13 activity
usually improved with additional courses of preemptive rituximab. In 13 patients (14%),
ADAMTS13 activity remained undetectable after the first rituximab course, but retreat-
ment was efficient in 6 of 10 cases. In total, 14 patients (15%) clinically relapsed, and 19

patients (20.7%) experienced benign adverse effects. Preemptive rituximab treatment was associatedwith a change in
ADAMTS13 conformation in respondent patients. Finally, in the group of 23 historical patients with iTTP and per-
sistently undetectable ADAMTS13 activity, 74% clinically relapsed after a 7-year follow-up (IQR, 5-11). In conclusion,
persistently undetectable ADAMTS13 activity in iTTP during remission is associated with a higher relapse rate.
Preemptive rituximab reduces clinical relapses by maintaining a detectable ADAMTS13 activity with an advantageous
risk-benefit balance. (Blood. 2018;132(20):2143-2153)
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Introduction
Thrombotic thrombocytopenic purpura (TTP) is a fulminant and
potentially fatal disease in the absence of treatment, resulting
from severe mostly immune-mediated deficiency in the von
Willebrand factor–cleaving protease ADAMTS13 (ie, immune
thrombotic thrombocytopenic purpura [iTTP]). Emergency treat-
ment consists of daily therapeutic plasma exchange (TPE), usually
in association with steroids, until durable remission (remission rates
now .80%).1,2 Recently, the identification of a major role for anti-
ADAMTS13 antibodies in iTTP pathophysiology led to associate
the B-cell–depleting monoclonal antibody rituximab with the
standard treatment, initially as a salvage therapy in patients with
suboptimal response and now increasingly as frontline treatment.
This combination allows reducing the duration of TPE and
delaying relapses.1,2 Nevertheless, up to 50% of patients will
experience 1 or several relapses of unpredictable severity, ex-
posing them to death and treatment-related complications.3,4

Therefore, relapse prevention is a crucial issue. It has been re-
ported that persistently undetectable ADAMTS13 activity in pa-
tients otherwise in remission represents a reliable early predictor of
full clinical relapse.5-7 Although the natural history of ADAMTS13
activity in patients with iTTP is not completely understood, it is
increasingly acknowledged that a high proportion of patients with
persistently undetectable ADAMTS13 activity will experience
potentially fatal relapses (38% after 1 year and 59% after 5.4 years
of follow-up).5-11 It has been shown that preemptive infusions of
rituximab in patients with persistently undetectable ADAMTS13
activity allow, in most of them, the rapid recovery of ADAMTS13
activity.9-11 However, this recovery may not be sustained, and a
substantial number of patients require repeated rituximab infu-
sions to maintain a detectable enzyme activity, exposing them to
possible side effects. Consequently, the systematic preemptive

use of rituximab to treat patients with iTTP is still debated.9-11

Therefore, it is crucial to get additional insights into the long-term
outcome of these patients to draw more definitive recommen-
dations. Moreover, it was recently reported that ADAMTS13 is in
an abnormal open conformation during the acute phase of iTTP
and in the physiologically closed conformation when patients
are in remission (ADAMTS13 activity .50%).12 However, the
pathophysiological role of ADAMTS13 conformation changes and
the involved mechanisms have not been determined.

We present a large updated series of patients with iTTP
treated preemptively with rituximab from the French Refer-
ence Center for Thrombotic Microangiopathies. Additionally,
we studied ADAMTS13 conformation before and after pre-
emptive rituximab administration in available patients.

Materials and methods
Patients were enrolled prospectively in our registry from January of
2012 to February of 2017 through the French Reference Center for
Thrombotic Microangiopathies network (www.cnr-mat.fr). More-
over, the outcome of patients reported previously7 was updated.
The diagnostic criteria for iTTP and the definitions of remission,
refractoriness, exacerbation, and relapse were based on previous
studies13,14 (supplemental Table 1, available on the Blood Web
site). The current study focused on idiopathic iTTP; therefore,
patients with iTTP associated with cancer, pregnancy, chemo-
therapy, or transplantation were not included. Treatment of iTTP
during the acute phase was performed according to previous
studies and in accordancewith international guidelines.13,14 Briefly,
TPE was performed daily immediately after iTTP diagnosis. The
volume exchanged was 1.5 times the predicted plasma volume
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(standard intensive treatment) until remission, as defined by a
platelet count $150 3 109/L for .2 days with a normal lactate
dehydrogenase level. After remission, the TPE sessions were
usually reduced over 3 weeks (3 sessions during the first week,
2 sessions the following week, and 1 session the last week;
maintenance treatment). In the case of disease exacerbation or
relapse, daily TPE sessions were resumed. Most patients re-
ceived glucocorticoid therapy (prednisone, 1.5 mg/kg per day for
3 weeks; clinical features and treatment modalities are detailed
in supplemental Table 2). In patients with refractory disease or
exacerbation, rituximabwas proposed in association with standard
treatment as salvage therapy.13,14

Among the patients with durable remission from a previous TTP
episode clearly identified as caused by an autoimmune mecha-
nism, patients with severe ADAMTS13deficiency, either persisting
after clinical remission or after an initial partial or complete enzyme
activity recovery, were evaluated. To assess the relapse rate after
preemptive rituximab administration, only patients with.1 year of
follow-up after preemptive treatment were retained, because it
has been reported that relapses after rituximab administration
typically occur after $1 year.13,15 To describe how preemptive
rituximab changes iTTP history, the median number of iTTP epi-
sodes and the median cumulative incidence of annual relapses
were compared before and after systematic preemptive rituximab.
Finally, patients treated with preemptive rituximab were also
compared with a distinct group of patients managed before the
era of rituximab or in centers in which the use of preemptive
rituximab was not the standard of care (ie, historical group).

ADAMTS13 activity was systematically assessed after the acute
phase and then every 3 months during the entire study follow-
up. In all patients with severe immune-mediated ADAMTS13
deficiency (ADAMTS13 activity ,10%), but in remission, pre-
emptive rituximab (375 mg/m2; Mabthera; Roche, Paris, France)
was started in the days following the identification of a severe
ADAMTS13 deficiency. The number of rituximab infusions
for each course of treatment (ie, usually 1-4 per week) was left to
the physician’s discretion. Premedication consisted of dex-
chlorpheniramine (10 mg, IV) and acetaminophen (1 g, IV) in all
patients; patients who were not receiving glucocorticoids were
also given methylprednisolone (30 mg, IV). Patients with per-
sistent severe ADAMTS13 deficiency at$6months following the
first rituximab infusion were considered unresponsive, and their
subsequent management (ie, retreatment with rituximab or al-
ternative strategies) was left to the physician’s discretion. Pa-
tients who experienced new severe reductions in ADAMTS13
activity after recovery were retreated with rituximab, according
to the same modalities.

Informed consent was obtained from all patients. This study
was approved by the institutional review board of Saint-Antoine
Hospital in accordance with the Declaration of Helsinki.

Evaluation of ADAMTS13 activity, anti-ADAMTS13
antibodies, and ADAMTS13 conformation
ADAMTS13 activity was assessed as reported previously.5-7

ADAMTS13 activity measurement was usually started at day 30
after the first preemptive rituximab infusion, although, in some
patients, it was started only after 6months. Thereafter, ADAMTS13
activity was systematically measured every 3 months until month

24.7 Severe ADAMTS13 deficiency was defined as undetect-
able ADAMTS13 activity (,10%), moderate ADAMTS13 de-
ficiency was defined as activity between 10% and ,50%, and
normal ADAMTS13 was defined as activity $50%. In patients
with undetectable ADAMTS13 activity, anti-ADAMTS13 anti-
bodies were detected by enzyme-linked immunosorbent assay
(Technozym R ADAMTS13 INH; Technoclone, Vienna, Austria),
as recommended by the manufacturer. ADAMTS13 deficiency
was considered acquired and immune-mediated if it was as-
sociated with anti-ADAMTS13 antibodies (threshold positivity
$12 U/mL). It was also considered acquired in patients without
detectable anti-ADAMTS13 antibodies but who recovered
enzymatic activity during remission.7 ADAMTS13 conformation
was determined as detailed elsewhere12 (supplemental Materials
and methods).

Safety assessments
Toxicity and side effects were recorded. A severe infection was
defined as an infection requiring hospitalization and/or IV an-
tibiotics and/or resulting in death. Because of the long duration
of rituximab action, an infection was considered possibly related
to rituximab when occurring within the 12 months following a
course of rituximab. Data collection and updating were per-
formed as previously described.7

Statistical methods
Median values and interquartile ranges (IQRs) were determined
for continuous variables. The Kruskal-Wallis test was used to
compare continuous variables, and the x2 test or Fisher exact test
was used to compare binary data. The Kaplan-Meier estimator
with the corresponding 95% confidence interval was used to
compare survival in patients treated with preemptive rituximab
infusion and in the historical group. P , .05 was considered
significant.

Table 1. Patient characteristics at the time of the first
preemptive rituximab treatment

Characteristics N 5 92

Women 67 (73)

Age, y 42 (33.3-51)

Patients with previous iTTP episodes 37 (40.2)

Rituximab during the acute phase 50 (54.3)

Glucocorticoid therapy 85 (92)

Persistence of severe ADAMTS13 deficiency
following iTTP episode*

25 (27)

Development of severe ADAMTS13 deficiency
during follow-up†

67 (73)

Anti-ADAMTS13 IgG antibody titer, U/mL 28 (16-48)

Data are given as median (25th-75th percentile) for quantitative variables and as n (%) for
qualitative variables. Severe ADAMTS13 activity was defined as activity ,10% (normal
range for ADAMTS13 activity: 50%-100%). The positivity threshold for anti-ADAMTS13
immunoglobulin G (IgG) was 12 U/mL, according to the manufacturer’s instructions
(Technoclone).

*Eight patients received rituximab during the acute phase of the disease.

†Forty-two patients received rituximab during the acute phase of the disease.
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Results
Patient population
Preemptive rituximab was administered to 116 patients with
ADAMTS13 ,10%. Among them, 5 were excluded from the
analysis because of missing data. Another 19 patients were
excluded from the analysis because of short follow-up (,12
months) after preemptive rituximab treatment. Finally, 92 pa-
tients with long-term follow-up (.12 months) were included
(Table 1). All patients were in clinical and hematologic remission
at the time of preemptive rituximab administration. Before the
systematic use of preemptive rituximab, 37 patients experienced
.1 iTTP episode (median, 3; IQR, 2-3) over 54 months (IQR, 45-
82). This corresponded to a cumulative incidence of relapse of
0.33 episodes per year (IQR, 0.23-0.66).

Outcomes after preemptive rituximab
Patients received 1 (n 5 42), 2 (n 5 15), or 4 (n 5 33) rituximab
infusions per course; only 1 patient received 5 infusions, and
1 received 9 infusions. The dose was 375 mg/m2 per infusion in
79 patients and 500mg/m2 per infusion in 13 patients. Rituximab
significantly decreased the median number of iTTP relapses in
the whole population (0; IQR, 0-4) during the follow-up period of
35.8 months (IQR, 23.3-68), as well as the median cumulative
incidence of relapses (0 episodes per year; IQR, 0-1.32) (P, .001
for both vs the prerituximab period).

At day 30 postinfusion, ADAMTS13 activity was measured in 76
patients (83%) and was detectable (activity $10%) in 65 of them
(86%) (Figure 1A). At 3months postinfusion,ADAMTS13 activitywas
normal in 42 of 76 patients (56%), moderately decreased in 23 of 76
patients (30%), and still undetectable in the 11 patients (14%) in
whom it was already severely deficient at day 30. Among these 11
patients, ADAMTS13 activity could be detected in only 2 patients at
6 months postinfusion, whereas it remained undetectable in the
other 9. Among the 16 patients in whom ADAMTS13 activity was
evaluated only starting at month 6 postinfusion, it was undetectable
in 4; in the other 12 it wasmoderate (n5 6) or normal (n5 6). At any
time point during the follow-up, ADAMTS13 activity was detectable
in.80%of patients (Figure 1A). During the 24-month follow-up, the
median ADAMTS13 activity increased until month 6 postinfusion
and then progressively decreased until month 15. Then, it increased
again to month 24, as a result of rituximab retreatment (Figure 1B).

Thirty-four patients (37%) experienced sustained ADAMTS13
recovery following a single course of preemptive rituximab; these
patients required no further courses of rituximab and were con-
sidered long-term responders. None reported clinical relapse or
a decrease in ADAMTS13 activity during a median follow-up of
31.5 months (IQR, 18-65) after preemptive rituximab (Figure 2A).

At least 1 severe reduction in ADAMTS13 activity (,10% during
follow-up) was observed in 45 patients (49%) after preemptive
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Figure 1. ADAMTS13 activity at different time points of
the study. (A) Percentage of patients with normal ($50%,
green), moderately decreased (10% to ,50%, red), or un-
detectable (,10%, blue) ADAMTS13 activity at day 30 and at
months 3, 6, 9, 12, 15, 18, 21, and 24 (.80/92 patients
available) after preemptive rituximab infusion. (B) ADAMTS13
activity (%) at day 0 (time of the first preemptive rituximab
administration) and at different time points after the first in-
fusion. Box plots represent quartiles, median, and range of the
laboratory measurements. The blue line represents the vari-
ation of the mean over time. D, day; M, month.
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rituximab. In 5 patients, this biological relapse was associated
with a clinical relapse. Among the other 40 patients, 2 received
no further preemptive rituximab (clinician’s decision), whereas
the other 38 received additional courses of rituximab (median, 1;

IQR, 1-2) during a 39.5-month period (IQR, 27.2-70) (Figure 2A).
The median time between 2 rituximab courses was 17.5 months
(IQR, 12.6-25), and the length of this interval did not change
over time (data not shown), suggesting no change in rituximab

Patients with a history of iTTP who received a first course of preemptive rituximab
(ADAMTS13 activity < 10% during follow-up)

116

Patients available for analysis
92

Missing data (5) or follow-up < 1 year (19)

ADAMTS13 recovery
79

Sustained ADAMTS13 
recovery

34

Recurrence of severe
ADAMTS13 deficiency

45

Clinical relapse
5

- Did not follow appropriate ADAMTS13
  assessment: 4
- Relapse before preemptive rituximab
  could be administrated: 1

- Relapse before preemptive rituximab could
  be administrated: 3 (1 fatal)
- Unsustained response with loss of
  responsiveness: 1

Clinical relapse
4

Failure to recover
ADAMTS13 activity: 3

No treatment: 1 (no clinical relapse)
Cyclosporine A: 2 (recovered)

No further preemptive rituximab
(clinician’s decision)

2

Retreatment(s)
38 

ADAMTS13 recovery;
no clinical relapse

31

- Clinical relapse: 1
- No treatment: 1 (no clinical relapse)

Persistent severe ADAMTS13 deficiency
13

Persistent severe ADAMTS13 deficiency
13

Repeated rituximab administration
10

No treatment: 1 (no clinical relapse)
Cyclosporine A: 1 (recovered)
Cyclosporine A + bortezomib: 1*

ADAMTS13 recovery
6

Persistent severe
ADAMTS13 deficiency

4

*Fatal clinical relapse
1

No additional treatment: 3£

Cyclosporine A: 1 (recovered)
Clinical relapse

1
Unsustained response with
secondary refractoriness

£Clinical relapse
2

A

B

Figure 2. Study flowchart. Outcome of patients with a history of iTTP who received a first course of preemptive rituximab (ADAMTS13 activity ,10% during follow-up)
(A). Patients who experienced a persistent severe ADAMTS13 deficiency following the first course of preemptive rituximab are detailed (B). Patients who relapsed are
denoted by £ and *.
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efficacy, despite the repeated infusions. However, the number of
recurrences of severe ADAMTS13 deficiency (ie, requiring ad-
ditional rituximab courses) increased with the length of the
follow-up. Indeed, the 20 patients who received only 1 addi-
tional course of rituximab had a follow-up of 31 months (IQR,
22.3-66), the 13 patients who received 2 additional courses of
rituximab had a follow-up of 53.3 months (IQR, 35-66), the
4 patients who received 3 additional courses of rituximab had
a follow-up of 52.6 months (IQR, 45.4-65), and 1 patient who
received 7 rituximab courses had a follow-up of 146 months.
Only 3 patients who received 1 course of preemptive rituximab
retreatment (2, 3, and 5 infusions) failed to recover a detectable
ADAMTS13 activity (Figure 2A). ADAMTS13 activity was nor-
malized with cyclosporine A in 2 of the patients. In the third
patient, ADAMTS13 activity remained undetectable, but no
clinical relapse was reported during a 26-month follow-up
(Figure 2A). The median time between the first 2 preemptive
courses of rituximab did not differ statistically between patients
who received rituximab or not during the acute phase
(18.4 months; IQR, 13.2-24.6 and 23.4 months; IQR, 15.2-63.4,
respectively, P 5 .12). However, in patients who received a
preemptive course of 4 rituximab infusions, the median (IQR)
time to the first retreatmentwas longer than in thosewho received
2 or 1 rituximab infusion (40 months [18.1-57], 18.9 months [14.3-
26], and 18.1 months [11.3-22], respectively; P 5 .01).

In 13 patients (14%), ADAMTS13 activity remained undetectable
6months after the first course of preemptive rituximab (Figure 2B).
Seven of these patients received rituximab during the acute phase
of the disease as salvage therapy because of a suboptimal re-
sponse to the standard treatment (ie, refractory disease in 4 and
exacerbation in the other 3). These patients had persistently
undetectable ADAMTS13 and high anti-ADAMTS13 antibody
concentration after clinical remission, consistent with a primary
refractoriness to rituximab. Following preemptive rituximab
treatment, complete peripheral B-cell depletion was observed in
4 of the 8 patients with available data, whereas peripheral B cells
were still detectable in the other 4 (range, 3-7%). Ten patients
received repeated courses of rituximab (375mg/m2), with variable
modalities of administration: repeated infusions (one every 2 or
6 months for 12 to 60 months; n5 4) or a single additional course
of rituximab (1 infusion [n 5 1], 2 infusions [n 5 3], or 4 infusions
[n 5 2] per course). Six of these 10 patients recovered normal
ADAMTS13 activity, but the other 4 did not, despite repeated
infusions (Figure 2B). Among the 3 patients who did not receive
additional rituximab courses, 1 recovered ADAMTS13 activity
after treatment with cyclosporine A; 1 did not show any im-
provement in ADAMTS13 activity, despite preemptive treatment
with bortezomib and cyclosporine A, and experienced a fatal
relapse; and the third patient did not receive any additional
preemptive treatment and was in clinical remission, despite the

Table 2. Individual data for patients with iTTP before and after the preemptive rituximab treatment

Identification

Delay between
preemptive rituximab

and sample
ADAMTS13 activity
(FRET S-VWF73), %

Anti-ADAMTS13
IgG, IU/mL

ADAMTS13
Ag, mg/mL

Conformation
index

A-01 Before ,5 26 0.44 3.8

R-01 2 months 84 7 0.78 0.3

A-02 Before ,5 27 0.49 3.1

R-02 2 months 80 8 0.88 0.3

A-03 Before ,5 27 0.26 5.5

R-03 1 month 86 10 1.00 0.2

A-04 Before ,5 12 0.22 8.9

R-04 3 months 89 6 1.06 0.8

A-05 Before ,5 61 0.23 3.8

R-05 2 months 67 9 1.2 0.5

A-06 Before ,5 15 0.58 3.4

R-06 2 months 77 10 1.07 0.7

A-07 Before ,5 36 0.34 2.7

R-07 2 months ,10 61 0.48 2.7

A-08 Before ,5 23 0.69 1.9

R-08 2 months 25 48 0.79 1.2

Patient identification, interval in months between preemptive rituximab treatment and blood sampling, ADAMTS13 activity (%), anti-ADAMTS13 antibody titers (IU/mL), and conformation
index are given for 8 matched iTTP patient samples before (“A”) and after (“R”) preemptive rituximab treatment. Conformation index .0.5 indicates an open ADAMTS13 conformation.

Ag, antigen; IgG, immunoglobulin G.
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persistent severe ADAMTS13 deficiency, after a 40.4-month
follow-up (Figure 2B).

Altogether, 14 of 92 patients (15%) experienced a clinical re-
lapse, leading to death in 2 of them, despite preemptive rit-
uximab (median follow-up, 37.8 months; IQR, 20-57). Among
these 14 patients with clinical relapse, 3 were unresponsive to
preemptive rituximab (2 of them had repeated infusions), and
2 experienced only a transient response. Four additional patients
relapsed because the ADAMTS13 assessment schedule did not
comply with our recommendations (ie, every 3 months), which
precluded rapid preemptive treatment after detection of severe
ADAMTS13 reduction; in 4 other patients, relapse occurred
rapidly after ADAMTS13 assessment and before rituximab ad-
ministration. In the remaining patient, systematic treatment with
preemptive rituximab was interrupted based on the clinician’s
decision. In all 14 patients, relapse occurred while the patients
had persistent severe ADAMTS13 deficiency (Figure 2).

ADAMTS13 conformation changes following
rituximab administration
We previously showed that ADAMTS13 is in an open confor-
mation in patients with acute iTTP (ADAMTS13 activity ,10%
and detectable anti-ADAMTS13 autoantibodies) and in a closed

conformation in most patients with iTTP in remission.12 Here,
ADAMTS13 conformation was investigated in 8 patients with
undetectable ADAMTS13 activity (,10%) during remission
before and after preemptive rituximab treatment (Table 2).
Additionally, the ability of anti-ADAMTS13 antibodies to affect
ADAMTS13 conformation was explored, because rituximab is
known to deplete autoantibody production. Interestingly, before
preemptive rituximab treatment, all 8 patients had an open
ADAMTS13 conformation (Figure 3A). However, after preemptive
rituximab treatment, ADAMTS13 conformation was closed in 4
patients (Figure 3A, black circles) who responded well to rituximab
(recovered ADAMTS13 activity .50% [Figure 3B, black circles]
and undetectable anti-ADAMTS13 antibody titers [Figure 3C,
black circles]) (Table 2). In the remaining 2 patients who
responded well to rituximab (recovered ADAMTS13 activity
.50% [Figure 3B] and undetectable anti-ADAMTS13 antibodies
[Figure 3C, blue and red circles]), ADAMTS13 conformation was
borderline open (Figure 3A, blue and red circles) (Table 2).
Conversely, in the 2 patients who were poor responders to
preemptive rituximab treatment, because their ADAMTS13 ac-
tivity did not fully recover (Figure 3B, green and orange circles)
and anti-ADAMTS13 antibody titers remained high (Figure 3C,
green and orange circles), ADAMTS13 remained open (Figure 3A,
green and orange circles) (Table 2). In 1 additional patient,
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ADAMTS13 conformation was studied during long-term follow-
up. Interestingly, although undetectable ADAMTS13 activity
was associated with an opened conformation of the enzyme,
administration of preemptive rituximab led systematically to
a recovery of ADAMTS13 activity, along with restoration of
a closed conformation (Figure 3D).

In conclusion, the open conformation in iTTP patients with un-
detectable ADAMTS13 activity (,10%) during remission was
restored (ie, closed) in the majority of iTTP patients who
responded well to rituximab. Hence, these results strongly
suggest an association between anti-ADAMTS13 antibodies and
ADAMTS13 conformation change.

Adverse events
Adverse effects attributed to rituximab were reported in 19 pa-
tients (20.7%). They were all benign, and none led to rituximab
interruption. Especially, no severe infectious complication was
recorded. One patient experienced a benign nondocumented
infection. Twelve patients reported moderate intolerance re-
actions (pruritus, rhinitis, dyspnea, nausea and vomiting, hypo-
tension, and arrhythmia) during or within the 3 days following
the first infusion. All rapidly disappeared after symptomatic
treatment. Two patients experienced headache or diarrhea for
few days after rituximab administration. Serum sickness (fever,
fatigue, polyarthralgia, and skin rash) was observed in 4 patients
1 to 2 weeks after rituximab infusion. Acute complement
consumption was documented in 2 of these 4 patients, and the
outcome was systematically favorable with steroids. Rituximab
was reintroduced preemptively or after a clinical relapse in 3 of
these 4 patients, in association with steroids. It was well tolerated
by 2 patients, whereas the other patient again experienced
symptoms of serum sickness, leading to a definitive contraindi-
cation of rituximab. No case of hypogammaglobulinemia,
progressive multifocal leukoencephalopathy, or Kaposi sar-
coma was recorded.

Long-term outcome in patients with persistent
severe ADAMTS13 deficiency
To better assess the risk of clinical relapse in patients with
persistently undetectable ADAMTS13 activity, we studied 23
historical patients from our national database, who were never
treated with preemptive rituximab and had persistent severe
ADAMTS13 deficiency during their long-term follow-up. Their
clinical features at the time of the last acute phase (particularly
prognostic factors, such as age and cerebral involvement) and
treatment modalities were comparable to those of the 92 pa-
tients treated with preemptive rituximab (supplemental Table 2).
Their median age at the last follow-up was 41.5 years (IQR, 34.3-
48), and 78% were women. The median number of iTTP episodes
was 3 (IQR, 1.5-4), and 9 patients (39%) received rituximab during
the acute phase of $1 episode. Seventeen patients (74%) had
a clinical relapse (including multiple relapses in 11 of them) after a
median follow-up of 7 years (IQR, 5-11), corresponding to a
median cumulative incidence of relapse of 0.26 per year (IQR,
0.19-0.46). A fatal outcome was recorded for 2 patients.7 Overall,
these patients experienced more relapses than did patients
treated with preemptive rituximab (P , .001) (Figure 4). Among
the 6 (of 23) patients who did not relapse, ADAMTS13 activity
returned spontaneously to normal levels in only 2 patients who
remained relapse free. The other 4 patients also remained relapse-

free, despite a persistent severe ADAMTS13 deficiency, after a
follow-up period of 2 to 7 years.

Discussion
We report more definitive results supporting the notion that
preemptive infusions of rituximab prevent clinical iTTP relapses in
most patients by maintaining a detectable ADAMTS13 activity.
Moreover, analysis of the long-term follow-up data of historical
patients with persistent severe ADAMTS13 deficiency (ie, not
treated preemptively) indicates that the cumulative incidence of
relapse increases dramatically with time (74% at 7 years), with fatal
cases. Although 2 fatal relapses were recorded in patients who
received preemptive rituximab, they were related to the failure
to improve ADAMTS13 activity levels (severe ADAMTS13 de-
ficiency unresponsive to various immunomodulatory strategies,
and 1 patient experienced a fulminant relapse before beginning
preemptive treatment), further supporting the need for a sys-
tematic intervention in patients with persistent severe ADAMTS13
deficiency. If, based on the present results, we hypothesize that
rituximab is efficient in 85% of patients and prevents a clinical
relapse in 74% of patients, the estimated number of patients
to treat to prevent 1 relapse is only 1.6 [ie, 1/(0.85 3 0.74)].
Moreover, if the risk of death by relapse is 5%,5-7 the estimated
number of patients to treat to prevent 1 death is 32 [ie, 1/(0.853
0.74 3 0.05)]. Therefore, these findings must be taken into ac-
count by practitioners in the evaluation of the benefit/risk balance
when considering rituximab for patients with iTTP and persistent
severe ADAMTS13 deficiency.9,10,16 Importantly, we observed no
severe adverse event, despite the prolonged follow-up period
(12 years for some patients). The absence of significant severe
adverse events related to the use of rituximabwas also reported in
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Figure 4. Kaplan-Meier survival estimates of relapse free-survival in patients
with iTTP who did (n 5 92) or did not (n 5 23; historical group) receive pre-
emptive rituximab. Survival between groups was compared using the Kaplan-Meier
estimator.
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recently updated follow-up studies of patients with lymphoid
malignancies of B-cell origin treated with rituximab in the late
1990s.17 This provides further evidence that rituximab has
an acceptable long-term safety profile. The risk of progressive
multifocal leukoencephalopathy, the most serious complication
of rituximab, is estimated to be 1 in 25 000 overall or 1 in 500 000
for patients with autoimmune diseases (who do not have HIV or
cancer).8 Additionally, we did not observe any case of Kaposi sar-
coma, a complication recently reported in patients treated with
rituximab for autoimmune or inflammatory systemic diseases and
graft rejection.18,19 Moreover, preemptive rituximab could signifi-
cantly reduce the cost of the management of patients with iTTP,
because the treatment of clinical relapses includes a stay in an in-
tensive care unit, 1 to 3 weeks of daily TPE, and, usually, multiple
infusions of rituximab.13,20 Therefore, preemptive rituximab is safe
andefficient andprobably cost-effective inpreventing iTTP relapses,
even in patients who will require multiple courses of treatment.

We found that half of patients treated with preemptive rituximab
required repeated courses for subsequent recurrences of ADAMTS13
deficiency. Retreated patients usually responded again to rituximab,
with apparently no exhaustion of rituximab efficacy during the follow-
up period. The use of rituximab during the acute phase of the disease
did not significantly influence the duration of the response to the first
preemptive administration. However, we observed that the interval
between treatments was twice as long after a preemptive course of 4
infusions comparedwith a coursewith1or 2 infusions.21Wealso found
that half of thepatientswhowere refractory to thefirst standarddoseof
preemptive rituximab responded to more intensive regimens that
were based on those given to patients with low-grade lymphoid
malignancies.22 Of note, undetectable ADAMTS13 activity at day 30
after preemptive infusion of rituximab was usually predictive of lack of
response at 3 and6months. Similarly, patientswhowere unresponsive
to standard preemptive rituximab usually had been unresponsive to
rituximabduring theacutephaseof thedisease (ie,ADAMTS13activity
after clinical and hematological remission remained undetectable).
Consequently, refractoriness to standard doses of rituximab at such
early time points suggests that more intensive treatments should be
tested in an attempt to deplete anti-ADAMTS13 antibody-producing
B cells more efficiently and to circumvent this apparent lack of re-
sponse. Alternatively, in unresponsive patients, anti-ADAMTS13 anti-
bodies could be produced by long-lived plasma cells, opening a
possible role for antiplasma cell strategies.23

The prevalence of retreated patients in our study was sub-
stantially higher than previously reported in a smaller number of
patients with more limited follow-up.7 Here, we observed that
the number of recurrences of severe ADAMTS13 deficiency
increased with the length of the follow-up period (ie, patients
with a longer follow-up had more relapses). From these ob-
servations, we suggest that a long-term follow-up should be
offered to all patients with TTP after the first acute episode, and
this should include regular monitoring of ADAMTS13 activity
(the optimal schedule remains to be defined). Of note, almost
half of all relapses in our study, including 1 fatal case, occurred
in rituximab responders in whom ADAMTS13 activity was not
fully normalized. Therefore, an optimal schedule of ADAMTS13
activity assessment could further improve relapse prevention by
preemptive rituximab in patients with iTTP. On the other hand,
anti-ADAMTS13 antibody titers were low in all patients before the
first course of preemptive rituximab administration, suggesting
that, in the present study, rituximab was administered earlier than

in our previous study,7 reflecting the more widespread use of this
strategy in France. Therefore, this strategy, in parallel with the
need to systematically assess the occurrence of connective tissue
diseases,24 represents a paradigm shift in themanagement of iTTP,
whichmust be considered a chronic disease. Future studies should
focus on how to optimize the long-term management of these
patients to improve their quality of life. This should also include the
evaluation of the more recent subcutaneous formulation of rit-
uximab for easier treatment,25 as well as the prevention of neu-
rocognitive disorders and other disabling complications.4,26-28

Of note, in the present study, the cumulative incidence of re-
lapse was reduced by 50% compared with our previous study
(0.33 vs 0.57 episodes per year).7 This could result from the
increasing use of rituximab, during the acute phase of the dis-
ease in patients who experience a suboptimal response to
standard treatment, or even as frontline treatment, which has
been associated with a substantial reduction in relapses.11,15

Finally, we analyzed the role of preemptive rituximab treatment
and anti-ADAMTS13 antibody depletion in ADAMTS13 confor-
mation. We found that, in most patients who responded to pre-
emptive rituximab treatment, it normalized ADAMTS13 activity, as
well as changed ADAMTS13 from the open to the closed con-
formation. These results suggest a role for anti-ADAMTS13 anti-
bodies in ADAMTS13 conformation change.We could hypothesize
that, by inhibiting anti-ADAMTS13 antibody production, rituximab
leads to clinical remission and normal ADAMTS13 activity, together
with a closed ADAMTS13 conformation. Additional studies are
needed to determine whether/how anti-ADAMTS13 antibodies
are implicated in opening the ADAMTS13 conformation. More-
over, it will be important to test whether ADAMTS13 conforma-
tion analysis could contribute to optimizing the monitoring of
ADAMTS13 activity after preemptive treatment.

One limitation of our study is that patients were treated over
different time periods (before vs after preemptive rituximab vs
historical controls), raising the possibility that other changes in
iTTP management could have affected the results. However,
because the only difference in care between these periods was
the use of preemptive rituximab, this scenario seems unlikely.

In conclusion, we report more definitive results supporting the use
of preemptive rituximab in iTTP, with an advantageous risk-benefit
balance. By depleting anti-ADAMTS13 antibodies, rituximab al-
lows normalization of ADAMTS13 activity and conformation. Ad-
ditional studies are needed to determine the optimal dose of
rituximab and to better identify, amongpatients with undetectable
ADAMTS13 activity, those at a higher short-term risk for relapse
and who will need a more personalized preemptive strategy.29,30
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de Médecine Interne, Hôpital Cochin, Paris); Chantal Loirat (Service de
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19. Périer A, Savey L, Marcelin AG, Serve P,
Saadoun D, Barete S. De novo human
herpesvirus 8 tumors induced by rituximab in

autoimmune or inflammatory systemic diseases.
Arthritis Rheumatol. 2017;69(11):2241-2246.

20. Scully M, Cohen H, Cavenagh J, et al.
Remission in acute refractory and relapsing
thrombotic thrombocytopenic purpura fol-
lowing rituximab is associated with a reduction
in IgG antibodies to ADAMTS-13. Br J
Haematol. 2007;136(3):451-461.

21. Westwood JP, Thomas M, Alwan F, et al.
Rituximab prophylaxis to prevent thrombotic
thrombocytopenic purpura relapse: outcome
and evaluation of dosing regimens. Blood
Adv. 2017;1(15):1159-1166.

22. Vidal L, Gafter-Gvili A, Salles G, et al.
Rituximab maintenance improves overall sur-
vival of patients with follicular lymphoma-
Individual patient data meta-analysis. Eur
J Cancer. 2017;76:216-225.
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