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Abstract:

The anti-von Willebrand factor nanobody caplacizumab was licensed for adults with immune-mediated
thrombotic thrombocytopenic purpura (iTTP) based on prospective controlled trials. However, few data are
available on post-marketing surveillance. We treated 90 iTTP patients with a compassionate frontline
“triplet regimen” associating therapeutic plasma exchange (TPE), immunosuppression with corticosteroids
and rituximab, and caplacizumab. Outcomes were compared to 180 historical patients treated with the
standard frontline treatment (TPE and corticosteroids, with rituximab as salvage therapy). The primary
outcome was a composite of refractoriness and death within 30 days since diagnosis. Key secondary
outcomes were exacerbations, time to platelet count recovery, the number of TPE and the volume of plasma
required to achieve durable remission. The percentage of patients in the triplet regimen with the
composite primary outcome was 2.2% vs. 12.2% in historical patients (p=0.01). One elderly patient in the
triplet regimen died of pulmonary embolism. Patients from this cohort experienced less exacerbations
(3.4% vs. 44%, p<0.01l); they recovered durable platelet count 1.8 times faster than historical patients
(95% confidence interval, 1.41-2.36, p<0.01), with fewer TPE sessions and lower plasma volumes (p<0.01
both). The number of days in hospital was 41% lower in the triplet regimen than in the historical cohort
(13 days vs. 22 days, p <0.01). Caplacizumab-related adverse events occurred in 46 patients (51%),
including 13 major or clinically relevant non-major hemorrhagic events. Associating caplacizumab to TPE
and immunosuppression, by addressing the three processes of iTTP pathophysiology, prevents unfavorable
outcomes and alleviates the burden of care.
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KEYPOINTS
e A triplet regimen associating plasma exchange, immunosuppression and caplacizumab
reduce prevent unfavorable outcomes in immune-mediated TTP.

e The triplet regimen alleviates the burden of care.
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Abstract

The anti-von Willebrand factor nanobody caplacizumab was licensed for adults with immune-
mediated thrombotic thrombocytopenic purpura (iTTP) based on prospective controlled trials.
However, few data are available on post-marketing surveillance. We treated 90 iTTP patients
with a compassionate frontline “triplet regimen” associating therapeutic plasma exchange (TPE),
immunosuppression with corticosteroids and rituximab, and caplacizumab. Outcomes were
compared to 180 historical patients treated with the standard frontline treatment (TPE and
corticosteroids, with rituximab as salvage therapy). The primary outcome was a composite of
refractoriness and death within 30 days since diagnosis. Key secondary outcomes were
exacerbations, time to platelet count recovery, the number of TPE and the volume of plasma
required to achieve durable remission. The percentage of patients in the triplet regimen with the
composite primary outcome was 2.2% vs. 12.2% in historical patients (p=0.01). One elderly
patient in the triplet regimen died of pulmonary embolism. Patients from this cohort
experienced less exacerbations (3.4% vs. 44%, p<0.01); they recovered durable platelet count
1.8 times faster than historical patients (95% confidence interval, 1.41-2.36, p<0.01), with fewer
TPE sessions and lower plasma volumes (p<0.01 both). The number of days in hospital was 41%
lower in the triplet regimen than in the historical cohort (13 days vs. 22 days, p <0.01).
Caplacizumab-related adverse events occurred in 46 patients (51%), including 13 major or

clinically relevant non-major hemorrhagic events. Associating caplacizumab to TPE and

immunosuppression, by addressing the three processes of iTTP pathophysiology, prevents

unfavorable outcomes and alleviates the burden of care.
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Introduction

Immune-mediated thrombotic thrombocytopenic purpura (iTTP) is a devastating
disease characterized by the association of a microangiopathic haemolytic anemia, a profound
thrombocytopenia, organ involvement of variable severity and a severe (< 10% of normal
activity) deficiency in the von-Willebrand factor (vWF) cleaving protease ADAMTS13 (A
Disintegrin And Metalloproteinase with ThromboSpondin-1 Motifs, 13*» member). Left
untreated, iTTP is almost always fatal. However, prompt diagnosis and treatment allow survival
rates of up to 85% 1 2. Historically, the standard iTTP treatment consisted in the association of
daily therapeutic plasma exchange (TPE) and steroids 3 4. Rituximab, a B-cell depleting therapy,
progressively evolved from a second-line agent in patients with unfavorable outcomes under
standard care to become a frontline strategy 5-8. Rituximab was shown to shorten the duration of
daily TPE, especially in long-term responders, and led to durable platelet responses within 30
days as a result of a faster and more durable improvement in ADAMTS13 activity 5 6 9 10,
However, rituximab efficacy is only observed after a mean time of 2 weeks following its first
infusion; during this period patients are consequently exposed to unfavorable outcomes,
especially death, typically heralded by refractoriness, and exacerbations 5 6 11. 12, Recently,
caplacizumab (Cablivi™, Ablynx, a Sanofi Company), a nanobody directed against the A1 domain
of ultra-large vWF multimers, has been evaluated in iTTP through 2 pivotal trials with the aim to
prevent the formation of microthrombi and subsequent microcirculation occlusion and ischemic
organ damage. In both trials, iTTP patients were treated with caplacizumab in association with
the standard treatment (TPE/corticosteroids, and rituximab as per clinician’s practice). Patients
who received caplacizumab recovered platelet counts more rapidly and more durably when
compared to patients in the placebo group, despite the early use of rituximab 13. 1415, Neither
death nor refractoriness was observed with caplacizumab, although the difference with the
placebo arm could not reach the statistical significance level. 13. 14 Caplacizumab treatment
appeared to be safe, with side effects mostly consisting in minor mucocutaneous bleeding 13. 14,

Although caplacizumab was approved for the treatment of iTTP in conjunction with TPE and
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immunosuppression by the European Medicines Agency in Europe (September 2018) and the
Food and Drug Agency in the United States (February 2019), uncertainties remain regarding the
role of caplacizumab in the therapeutic arsenal of iTTP and post-marketing studies are urgently
needed. Recently the very first report of real world experience, although uncontrolled and
unplanned, confirmed that caplacizumab allows a rapid recovery of the disease, whether used

frontline or as a salvage therapy in patients experiencing a refractory disease or an exacerbation

16,

France has been one of the first countries to allow a caplacizumab compassionate-use
program for iTTP patients, starting in September 2018. We hereby report findings from the
follow-up of patients treated by caplacizumab and reported to the French Reference Center for

thrombotic microangiopathies (CNR-MAT) since the onset of this program.

Methods

Study design

The use of caplacizumab for iTTP patients was allowed in France in a compassionate-use
program in September 2018; from February 2019, caplacizumab is authorized in France for
initial treatment of iTTP. To rapidly improve our experience in its use, the CNR-MAT (www.cnr-
mat.fr) recommended, based on a consensus of all participating centers, a “triplet regimen”
comprising of (i) daily TPE, (ii) immunosuppression with corticosteroids and rituximab, and (iii)
caplacizumab 8. In France, rituximab obtained in 2011 a transient recommendation of use as a
salvage therapy in iTTP patients with a suboptimal response to TPE/corticosteroids; in 2019,
this recommendation was obtained for iTTP patients as a frontline therapy in an order to
prevent long-term responses to TPE/corticosteroids treatment, but also one to 2-year relapses >

6, 9, 10

(https://ansm.sante.fr/var/ansm_site/storage/original/application/d793fd3d291b2f91af34e2
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7cfea51786.pdf; page 11) (document in French; translated in Supplemental Table 1). Therefore,
the use of rituximab as frontline therapy in iTTP has become part of the standard of care in our

country.

The primary outcome was the prevalence of a composite of two crucial outcomes within
30 days since diagnosis: death, as well as refractoriness, usually heralding death 1% 12 (see
definition in Supplemental Table 2). Key secondary outcomes were refractoriness, death,
exacerbations, the time to durable platelet count recovery, the number of TPE and the volume of
plasma required to achieve durable platelet count recovery, the length of hospitalization, and
caplacizumab-related adverse events. We considered that the triplet regimen would represent
an improvement in iTTP management if the primary outcome was at least three times lower
than historically observed (10%) > ¢ % 10, To achieve this goal, we estimated that at least 65
patients were needed for the present study. The study was conducted according to the STROBE

methodology.

Patients and data collection

All data from French patients with a clinical diagnosis of iTTP and treated according to
our “triplet” regimen were analyzed from September 2018. The clinical diagnosis of iTTP was
considered in patients with features of thrombotic microangiopathy (TMA) and a French score
of 1 or 2 817, The French score was calculated in patients with features of TMA and no associated
condition (cancer, chemotherapy, pregnancy, transplantation, severe disseminated intravascular
coagulopathy). Patients with a French score of 0 (platelet count = 30 x 103/mm3 and serum
creatinine = 200 pmol/L [2.27 mg/dL]) were considered as having an alternative diagnosis,
mostly the hemolytic and uremic syndrome (HUS) and were not considered here. A French score
of 2 (platelet count < 30 x 103/mm3 and serum creatinine < 200 pmol/L [2.27 mg/dL]) was
highly suggestive of iTTP. Patients with only one of these 2 items were considered as having a

probable iTTP and daily TPE with corticosteroids and caplacizumab were immediately started;

7
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in this scenario however, rituximab was started subsequently, only after iTTP diagnosis was
confirmed (ie., if ADAMTS13 activity was < 10%). The final diagnosis of iTTP was confirmed in
patients with a severe acquired ADAMTS-13 deficiency (< 10% of activity with anti-ADAMTS13
antibodies 215 U/mL) 18. After TPE cessation, ADAMTS13 activity was assessed weekly until

normalization (activity 250%).

Severity of iTTP at baseline was assessed using cerebral involvement (including
confusion, stupor, coma or focal deficiency), age, as well as lactate dehydrogenase (LDH) level
(reflecting mostly organ injury). Patients were classified into 2 groups: low-intermediate and
high risk of early death, according to age, cerebral involvement and very high LDH levels 12.
Cardiac involvement was defined as an increase of troponin and/or electrocardiographic
abnormalities. However, troponin assessment was not performed homogeneously through all
centers; consequently, troponin was used for initial prognostic evaluation but detailed

prognostic analyses were not performed.

In order to more accurately address improvements in the disease burden due to
caplacizumab, the outcome of patients treated with the triplet regimen (triplet regimen cohort)
was compared to a historical cohort of iTTP patients (historical cohort) managed with the
standard regimen (i.e., daily TPE and steroids in association with salvage rituximab in patients
experiencing refractoriness or an exacerbation of the disease). Patients from the triplet regimen
were compared on a 1-to-2 ratio with the more recent patients of the historical cohort. The
choice of a 1-to-2 ratio with the historical cohort was driven by the rarity of iTTP and the desire

to include patients with standardized management.

Treatment
In all centers, daily TPE, corticosteroids (prednisone 1.0 mg/kg per day [maximal dose
100 mg/day]) and caplacizumab (10 mg intravenous loading dose followed by daily 10 mg

subcutaneous doses) were started as soon as the clinical diagnosis of iTTP was suspected based

8
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on the French score. Rituximab (375 mg/m?) was administered intravenously on a day1-4-8-15
schedule 5. It could be started from day 1 if the French score was highly suggestive for the
diagnosis of iTTP (French score = 2) 8 1417, or alternatively by day 4 of the management once
severe ADAMTS13 deficiency was ascertained (French score = 1) (Figure 1). Caplacizumab was
continued for 30 days after TPE cessation and could be extended until ADAMTS13 improvement
(i-e., activity 220%) 19 20, TPE were performed daily until 2 days of a normal platelet count
(2150x103/mm?3) and interrupted with no maintenance. Corticosteroids were pursued for 3

weeks, as previously described 5.6.9.10,

Outcomes

Assessment of response to treatment was performed as previously described !
(Supplemental Table 2). Adverse events related to caplacizumab were reported. The definition
of major bleeding and clinically relevant non-major bleeding event is adapted from the

International Society on Thrombosis and Hemostasis (ISTH). 2t

Ethics
This study was part of the Thrombotic Microangiopathy program study approved by our
institutional review board (CPP04807) in accordance with the Declaration of Helsinki, and the

French Data Protection Authority.

Statistics

Cohorts are described by absolute numbers with percentages for nominal variables and
otherwise by the median with 1st and 3rd quartiles [Q1-Q3]. To assess whether cohorts differed
at treatment start, the Mann-Whitney-Wilcoxon test was used for ordinal variables and
Freeman-Halton's test otherwise. As follow-up time varied between patients, Poisson regression

was used to reach the end-points. Patients’ time under risk was estimated using the actuarial
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method. A p-value <0.05 was considered as statistically significant. Analyses were performed

using the SAS 9.4 statistical software (SAS institute Inc, Cary, NC).

Results
Population characteristics and iTTP presentation

Between September 2018 (date of caplacizumab availability for iTTP in France) and
December 2019, 139 patients were diagnosed with iTTP. Twenty-two patients who had a
confirmed diagnosis of iTTP were managed without caplacizumab, mostly because of
unawareness of practitioners about the availability of the compound (18 cases) or because
patients were considered at risk of bleeding (1 case of recent surgery and 3 cases of active
bleeding). Three other patients with a retrospectively confirmed iTTP died at the time of
diagnosis before any therapeutic measure could be enacted. Caplacizumab was therefore
administered in a total of 114 patients with a clinical diagnosis of iTTP. In 6 patients who had a
French score of 1, caplacizumab was stopped by day 3 because ADAMTS13 activity was
suggestive of an alternative diagnosis (i.e., activity 220%). Eighteen additional patients with a
confirmed iTTP (ADAMTS13 activity <10%) received caplacizumab on a different schedule
(mainly as salvage therapy, i.e., not frontline) and were not further considered here. Finally, 90
patients with a confirmed iTTP were treated according to the triplet regimen; they were
compared to a historical cohort of 180 patients, registered in the French cohort between
September 2018 and June 2015 (Flowchart in Figure 2). During this period, patients of the
historical cohort were managed consensually and homogeneously; particularly, rituximab was
systematically performed in patients experiencing refractoriness or exacerbation based on
national recommendations. 22 23 Patients treated according to the triplet regimen were
consecutively recruited from 32 centers, including 8 centers in Ile-de-France (Paris and

suburbs). Centers included a median of 2 patients (IQR, 1-3)(extremes: 1-12).

10
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Clinical presentation of patients of the triplet regimen cohort was comparable to this of
patients in the historical cohort, except for the LDH level (p=0.01), providing evidence that our
cohort of studied patients is fully representative of the whole iTTP population. Especially, 19%
of patients from the triplet regimen and 14% from the historical cohort (p=0.37) were
considered to be at higher risk of death (Table 1). Moreover, the clinical presentation of patients
who were not treated with caplacizumab was comparable to this of patients of the triplet
regimen cohort, except for a higher percentage of previous iTTP episodes, suggesting that these

patients did not have a more severe disease (Supplemental Table 3).

ITTP treatment

Daily TPE and corticosteroids were started immediately after the clinical diagnosis of
iTTP. Patients received caplacizumab mostly within 3 days following TPE/corticosteroids
initiation (median time, 0 days [0-1][extremes, 0-4]). In 47 patients, caplacizumab was started
on the same day as TPE (day +0); in the others it was started at day +1 (24 patients), day +2 (8
patients), day +3 (6 patients) or day +4 (5 patients). The total duration of caplacizumab
treatment was 33 days (29-38); caplacizumab was pursued for 32 days (28-37) post-TPE. In 12
patients, caplacizumab was interrupted empirically when ADAMTS13 activity reached >20%,
without further event. Most patients (80%) had a French score of 2 and started rituximab within
3 days (before ADAMTS13 activity was available), whereas the 18 others had a French score of 1
and started rituximab by day-4, after severe ADAMTS13 deficiency was ascertained. In the
historical cohort, 68% of patients were treated with rituximab (Table 1). Prophylactic
anticoagulation and/or prophylactic antiplatelet aggregation was performed in 33 patients

(37%) when platelet count increased above 50x103/mm3.

Primary outcome

11

0202 J2qudanoN GO0 UO Jesn NOILY.LNINND0A 3A IYLINID - SdIDV - dH-dV Aq Jpd'1.20800020Z POOIA/98068. /L 208000202 POOIA/Z8L L 0L /10P/pd-ajonte/pooq/Bio-suonedligndyse)/:dpy wouy papeojumoq



The percentage of patients in the triplet regimen with the composite primary outcome
was 2.2%, versus 12.2% in patients with the historical treatment (p=0.01). Therefore, patients
treated with the triplet regimen were 6.2 times less likely to have refractory iTTP or iTTP-
related death than patients from the historical cohort (95% CI, 1.4 to 26.3, p=0.013). As
expected, the death rate was 6.7% (n=12) in the historical cohort, whilst, in the triplet regimen
cohort only one patient died (1.1%, p=0.06). This 83-yo died at day 9; the cause of death
reported by the practitioner was a massive pulmonary embolism. She had cardiac involvement
(cTn 0.51 pg/L) without cerebral involvement at the time of diagnosis and her treatment
consisted in the triplet regimen frontline from day 1. After an initial improvement, she
subsequently presented an exacerbation of her disease at day-5 and died of cardiogenic shock
despite salvage thrombolysis. She did not receive thromboprophylaxis when platelet count
improved. Whether this complication resulted from a complication of the central venous
catheter insertion could not be ascertained. Only one patient was classified as having a
refractory disease as platelet count did not double after 4 days of treatment; however, response
to treatment occurred slowly thereafter while no intensification was needed. On the opposite, 16
patients experienced this outcome (18%, p=0.01) in the historical treatment. Of note, death was

preceded by refractoriness in 6 patients (50% of cases).

Key secondary outcomes

A significant decrease in exacerbations was noted in the triplet regimen cohort when
compared to the historical cohort (3.4% vs. 44%, p<0.01). Therefore, exacerbations were 16.4
times more frequent in the historical cohort than in the triplet regimen cohort (95% CI, 5.2 to
52.1, p<0.01). The cause of the 3 exacerbations of the triplet regimen cohort remains unclear;
especially, no triggering factor (i.e., infectious event) could be identified. None of the 3 patients
interrupted caplacizumab therapy; all had a favorable outcome in the following days with no

organ involvement and no treatment intensification was required 24. As a result, patients in this
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cohort recovered durable platelet count 1.8 more rapidly than those of the historical cohort (5
[4-6] days vs 12 [6-17] days; [95% CI, 1.41 to 2.36, p<0.01]) (Figure 3). Patients in the triplet
regimen cohort needed a median of 5 days (4-7) of TPE as compared to 10 days (6-16) of TPE in
the historical cohort (p<0.01). Consequently, the corresponding median volume of plasma was
24.2 liters (18.3-30.2) for patients in the triplet regimen cohort as compared to 44.4 liters (26.3-
74.3) for patients in the historical cohort (p<0.01), corresponding to a 45% reduction. In
addition, the length of hospitalization was reduced by 41% in the triplet regimen cohort (Table
2). After a median follow-up of 127 days (47-200 days), only one clinical relapse occurred in the
triplet regimen cohort. In this patient, caplacizumab was interrupted 33 days post-TPE while
ADAMTS13 activity was still <10%. Relapse occurred at day 6 after caplacizumab interruption.
The outcome was rapidly favorable after TPE and caplacizumab were resumed, and ADAMTS13
activity improved at day 49 post-TPE of the first episode. One additional patient experienced a
severe ADAMTS13 deficiency at 14 months of follow-up that resolved after a single infusion of

rituximab.

Other outcomes

ADAMTS13 activity was assessed weekly post-TPE. In the triplet regimen, there was a
great disparity in the time to ADAMTS13 activity improvement (activity 220%) (median 28 days,
IQR 14-42; extremes 7-164), but >50% patients recovered ADAMTS13 activity at day 28,
although in 10 cases, this threshold was reached after day 56. Those patients with a slow
ADAMTS13 response improved all their activity 220% within day 64 and day 164 post-TPE. In 2
of them, an additional course of 4-infusion rituximab was performed during this period, while

the others improved with no further action.

One patient relapsed clinically after caplacizumab was stopped, whereas the 9 others
could pursue caplacizumab until ADAMTS13 improvement, without relapse. In the historical

cohort, where rituximab was not systematically performed, >50% of patients improved
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ADAMTS13 activity at day 42 (Figure 4); moreover, up to 40% improved ADAMTS13 activity
after day 56. As a result, patients in the triplet regimen recovered ADAMTS13 activity >20% four

times faster than those in the historical cohort (95% CI, 3.03 to 5.26, p<0.01).

Outcome according to severity cohorts

Consistent with our previous findings, the percentage of patients with the composite
primary outcome in the historical cohort was 8.3% for iTTP patients with a severity score of 0-2
whereas in patients with a more severe disease (severity score >3), the composite primary
outcome was significantly higher (33%, p<0.01). However, only two of the patients treated with
the triplet regimen (both with a severity score of 0-2) reached the composite primary outcome,

whereas all the 17 patients with a severity score >3 recovered from their disease (Table 2).

Safety

Ultimately, 46 (51%) patients experienced at least one drug-related adverse event in the
triplet regimen cohort (Table 3). Hemorrhagic events were mostly drug-related (30 patients,
33%), with epistaxis and gingival bleeding being the most prevalent. All these events resolved
without specific intervention. Major bleeding events and clinically relevant non-major bleeding
events were observed in 2 and 11 patients, respectively. One major bleeding event from the
digestive tract was complicated by a hemorrhagic shock of favorable outcome with symptomatic
measures and the interruption of caplacizumab. No patient required infusions of vWF
concentrates or of any coagulation concentrate. No temporal relationship between the
occurrence of bleeding and the duration of exposure to caplacizumab was observed. Six patients
(6.7%) developed an inflammatory reaction consisting in a swelling at the injection sites of
caplacizumab that occurred typically by the end of the treatment course; however, no premature

interruption of the treatment was needed. Nineteen patients (21%) developed a mild to severe
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transient thrombocytosis (platelet count >450 x 103/mm3) along with platelet count recovery
(Table 3 and Supplemental Table 4), although the association with the use of caplacizumab

remains questionable.

Thromboembolic events

Eleven patients (12%) of the triplet regimen cohort experienced a thromboembolic
event (TEE); consisting in PE without apparent deep venous thrombosis or central venous
catheter thrombosis (5 cases), lower limb deep venous thrombosis (3 cases) and central venous
catheter-related thrombosis (4 cases). One patient had both a central venous catheter-related
thrombosis associated with a more distal deep venous thrombosis. None of them had received
thromboprophylaxis when platelet count increased above 50 x 103/mma3. On the other hand, we
found no clear association between the occurrence of TEE and thrombocytosis (thrombocytosis
was present in 3 (27%) patients with TEE vs 16 (21%) patients without TEE). Moreover, the

prevalence of TEE was similar in both cohorts (p=0.79).

Discussion

We hereby report the outcome of iTTP patients managed with a triplet strategy
associating caplacizumab to frontline rituximab and the historical TPE/corticosteroids
treatment. This regimen, established from the HERCULES trial and submitted to patients with a
clinical diagnosis of iTTP14, is aimed at addressing all three aspects of iTTP pathophysiology: to
replenish the missing ADAMTS13 enzyme, to suppress the production of anti-ADAMTS13
antibodies, and to inhibit the excessive vWF-platelet interaction leading to microthrombi
formation, organ failure and death 8. In this prospective study performed in “real-life”
conditions, we confirm previous findings from both pivotal trials and uncontrolled observational

reports in unselected patients homogeneously treated with a standardized approach, the “triplet
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regimen” 13 14,16, We have shown that early treatment with caplacizumab allows significantly
preventing unfavorable outcomes during the very acute phase of iTTP as only one case of death
and one slow response were identified, whereas very few cases of exacerbations were observed.
Although the rarity of events for death led to a trend to less death in the triplet regimen, a
difference may have emerged with a larger cohort of patients. By contrast, in our historical
cohort of patients, these events were more prevalent and consistent with previous reports 5 17.
Importantly, the prevention of such events also alleviated the burden of the disease that
translates into a dramatic reduction of plasma volumes and TPE sessions and a shortened
hospital stay. From these results, the triplet regiment is now considered the best standard of

care in France.

One limitation of our study lies on the different modalities of use of rituximab, which was
used frontline in the triplet regimen but as a salvage therapy in the historical cohort. However,
our work was not only aimed at demonstrating the superiority of the addition of caplacizumab
to the standard treatment; instead, we wished to show here that a strategy addressing the three
aspects of iTTP pathophysiology simultaneously from diagnosis is superior to more

sequential/escalating strategies 5 69 10, while the risk/benefit effect remains acceptable.

While frontline rituximab was reported to prevent slow responders to TPE and prevent
1- to 2-year relapses, it scarcely improved survival and other early unfavorable outcomes in
acute iTTP & 22, Therefore, the substantial improvement of iTTP prognosis we observed here,
reflected by a rapid and durable platelet count recovery, is likely due to the early administration
of caplacizumab. Consequently, caplacizumab and rituximab should be considered as
complementary, non-redundant agents in the management of iTTP. By preventing the
neoformation of microthrombi, caplacizumab allows a rapid and stable platelet count recovery
with organ protection, especially during very early management of iTTP during which most
deaths occur and during which rituximab is not efficient yet ¢ 12. On the other hand, by

suppressing the autoimmune response against ADAMTS13, rituximab improves and stabilizes
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durably ADAMTS13 activity after usually a 2- to 5-week period 14 The combination of both
agents (i.e., a standard course of 4 infusions of rituximab to improve ADAMTS13 activity and
daily caplacizumab to prevent additional microthrombi formation until ADAMTS13
improvement) should therefore prevent clinical relapses occurring when caplacizumab is
interrupted while ADAMTS13 activity is still undetectable 13. 14, Here, the systematic use of
rituximab frontline in the triplet cohort accounts for the faster improvement of ADAMTS13
activity than with the historical regimen where rituximab was only introduced later as a salvage

therapy.

We provide evidence that patients treated with the triplet regimen have a favorable
outcome irrespective of the disease severity on diagnosis 12, suggesting that the negative impact
of cerebral involvement and very high LDH level is suppressed by caplacizumab. However, the
benefit of caplacizumab on prognosis needs further evaluation in the elderly, as the single case
of fatal outcome and the most serious adverse events were observed in this population.
Moreover, the usual prevalence of TEE was not apparently reduced with the use of caplacizumab
25, One explanation would be a more prevalent omission of thromboprophylaxis (in 63% of
patients) with the use of caplacizumab, as clinicians considered here that the association of
caplacizumab and anticoagulation could have exposed patients to an increased risk of bleeding.
Consequently, iTTP patients should be considered at risk of TEE despite the use of caplacizumab
and thromboprophylaxis should be more systematically offered, especially when platelet count

increases above 50 x 103/mma3.

A main obstacle to the use of caplacizumab may be its high cost. In this way, medico-
economic studies are still pending to address whether the outcomes realized with caplacizumab-
containing regimens, including the dramatic decrease in the burden of care, are sufficiently
superior to be cost-effective. On the other hand, the price of caplacizumab recognizing its
innovative nature will have to be balanced with the improvement of survival with usually no

sequelae in a disease involving young patients.
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This post-marketing surveillance study confirms the results of caplacizumab trials in
unselected iTTP patients. A triplet strategy systematically associating TPE, immunosuppression
with corticosteroids and rituximab, and caplacizumab prevents unfavorable outcomes of the

disease and alleviates substantially the burden of care in these patients.
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Table 1. Clinical features and concomitant treatment of patients on diagnosis according to the

treatment regimen.

Characteristic Triplet regimen | Historical cohort | P-value
(N=90) (N=180)

Age (y) 45 (34-57) 43 (30-57) 1.00
Female sex 63 (70%) 127 (70%) 0.30
Weight (kg) 71 (60-91) 71 (60-86) 0.83
Body mass index 27.2 (22.7-32.2) 26.6 (23-31.7) 0.68
Ethnicity

White 74 149 0.39

African-West Indies 10 25

Asian 6 6
Ongoing antiplatelet agent/anticoagulation 9 (10%) 16 (8.9%) 0.77

Antiplatelet agent 7 11

Anticoagulant 2 5
Relapse 12 (13.3%) 21 (11.7%) 0.70
Cerebral involvement 55 (61%) 111 (62%) 0.91

Headache 19 58

Confusion 22 36

Seizure 10 15

Coma 2 5

Focal deficiency 20 26
Cardiac involvement 51 (56%) 86 (47%) 0.15
Hemoglobin (g/dL) 8.9 (7.5-10.2) 8.6 (7.3-10.1) 0.54
Platelet count (x 103/mm3) 12 (10-20) 12 (8-23) 0.88
LDH level xN (U/L) 5.1 (4.0-6.5) 3.7 (2.4-5.6) 0.01
Serum creatinine level (umol/L) 92 (71-120) 86 (68-133) 0.17
GFR (mL/min/1.73m2) (MDRD) 74 (51-108) 80 (46-120) 0.85
ADAMTS13 activity (%) <10% <10% -
Anti-ADAMTS13 antibodies (U/mL) 78 (39-91) 80 (36-100) 0.44
French Severity score:

0-2 72 (81%)* 145 (87%)* 0.37

3-4 17 (19%) 21 (13%)
Immunosuppressive therapy

-Corticosteroids 88 (98%) 166 (92%) 0.10

-Rituximab 90 (100%) 123 (68%) <0.01

Time between 1st infusion and 1st TPE 2(1-3) 7 (4-10) <0.01
Other therapies 0 25(13.9%) <0.01

Twice-daily TPE 20

Cyclophosphamide 4

Splenectomy 2

Vincristine 3

Bortezomib 1

> 1 salvage therapy 4

Abbreviations: LDH: lactate dehydrogenase. GFR: Glomerular Filtration Rate. MDRD
Modification of Diet in Renal Disease. TPE: therapeutic plasma exchange. ADAMTS13: A
Disintegrin And Metalloproteinase with ThromboSpondin-1 motifs, 1314 member. Data are given

as median (25th-75th percentile) for quantitative variables and as n (%) for qualitative
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variables. Severe ADAMTS13 activity was defined as an 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®). Cardiac
involvement was defined as an increase of troponin and/or electrocardiographic abnormalities.
Patients at high risk of early death of iTTP were defined by a French severity score 23 (cerebral
involvement: yes=1 / no=0, LDH: >10xU.LN=1 / <10xULN=0, age: >60 years=2 / >40 and <60

years=1 / <40 years=0) 12, Data *from 89 patients and *from 166 patients.
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Table 2. Primary and secondary outcomes according to the treatment regimen.

Outcome Triplet regimen | Historical cohort | P-value
(N=90) (N=180)
Primary outcome
Composite of death and refractoriness
All patients 2 (2.2%) 22 (12.2%)* 0.01
According to French Severity score:
0-2 2 (2.8%) 15 (8.3%) <0.01
3-4 0 7 (33%)
Secondary outcomes
Death 1 (1.1%) 12 (6.7%) 0.06
Refractoriness 1(1.1%) 16 (18%)E 0.01
Exacerbations 3 (3.4%) 70 (44%) <0.01
Time to durable platelet count recovery 5 (4-6) 12 (6-17) <0.01
Number of daily TPE until remission 5(4-7) 10 (6-16) <0.01
Volume of plasma (Liter) until remission 24.2 (18.3-30.2) 44.4 (26.3-74.3) <0.01
Time to ADAMTS13 activity > 20% (days) 28 (14-42) 48(24-83) <0.01
Length of hospitalization (days) 13 (9-19) 22 (15-30) 0.01
Thromboembolic events 11 (12%) 20 (11.1%) 0.79

Abbreviations: TPE: therapeutic plasma exchange. Data are given as median (25th-75th

percentile) for quantitative variables and as n (%) for qualitative variables. Patients at high risk

of early death of iTTP were defined by a French severity score =3 (cerebral involvement: yes=1 /

no=0, LDH: >10xU.LN=1 / <10xULN=0, age: >60 years=2 / >40 and <60 years=1 / <40 years=0)

12, *Includes 10 refractory patients who survived (only one event per patient was considered).

£Includes 6 deaths.
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Table 3. Caplacizumab-related adverse events.

Number of

adverse events

Description

Major bleeding 2 1 hemorrhagic shock with lower digestive
bleeding
1 abundant menorrhagia with a decrease in
hemoglobin level of 2.5 g/dL

Clinically relevant non 11 3 Macroscopic gastrointestinal hemorrhage

major bleeding

7 epistaxis
1 Subcutaneous hematoma larger than 25

cm?2

Non clinically relevant 17

non major bleeding

9 ecchymosis or small hematoma
6 Gingival bleedings

2 Catheter site hemorrhage

Inflammatory reaction 6 Inflammatory swelling at the injection site,
especially at the end of the treatment course
Thrombocytosis 19 Platelet count (x 103/mm3):

>450 - 600: 11 cases
>600 -900: 7 cases
>900: 1 case
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Figure 1. The CAPLAVIE regimen. iTTP: immune-mediated Thrombotic Thrombocytopenic
Purpura. A13: ADAMTS13. TPE: therapeutic plasma exchange. ADAMTS13 activity was assessed

weekly until normalization or day 56.

Figure 2. Flow Chart of the study. iTTP: immune-mediated Thrombotic Thrombocytopenic
Purpura. *Mostly because of unawareness of practitioners about the availability of the
compound (18 cases) or because patients were considered at risk of bleeding (1 case of recent

surgery and 3 cases of active bleeding).

Figure 3. Cumulative daily rate of platelet count recovery after 1st therapeutic plasma exchange

within 35 days by cohort.

Figure 4. Cumulative percentage of patients who achieved ADAMTS13 activity >20% following
the last therapeutic plasma exchange in the triplet regimen (red columns) and the historical

cohort (blue columns). ADAMTS13 activity was assessed weekly until normalization or day 56.
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Figure 1

Confirmation of iTTP diagnosis
3-4d r (ADAMTS13 at day 0 < 10%)

Clinical diagnosis of iTTP:

-Platelets <30 G/L Platelets ~ A13 A13 Al3
-and/or Creatinine <200 recovery +7days +14 days +21days
umol/L 48h  Post-TPE  Post-TPE  Post-TPE

- A13 assessment d0

w 1 11

1. Caplacizumab 10 mg/d

P

Al3
+28 days
Post-TPE

!

Weekly measurement
until day 56 post-TPE

CTRTTITET b b bbb )

. paily TPE > }
3. Rituximab 375 mg/m? x4
From day 1 (if French score = 2)

3’. Rituximab 375 mg/m? x4
By day 4 (if French score = 1, after A13 <10 was ascertained)

v

0202 19qWaAoN GO UO Josn NOILY.LNIWND0A A IHLNID - SdIDV - dH-dV Aq Jpd’1 208000202 POOIG/98068. /1208000202 POOIA/Z8L L"0L/10P/4pd-8joie/poojq/Bio-suonealigndyse//:dny woyy papeojumoq



Figure 2

Patients with a clinical suspicion of iTTP (French score = 1 or 2)
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Figure 3
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Figure 4
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