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Abstract

Background: Immune-mediated thrombotic thrombocytopenic purpura (iTTP) may lead
to microvascular thrombosis and mortality, despite patients receiving appropriate
standard of care treatment (immunosuppressive therapy and therapeutic plasma ex-
change). Caplacizumab directly inhibits von Willebrand factor-platelet interaction and
consequently prevents microthrombi formation.

Obijectives: This study aimed to determine the efficacy and safety of caplacizumab in
diverse, clinically relevant patient subgroups.

Methods: In this post hoc analysis of phase 3 HERCULES study (NCT02553317), pa-
tients were categorized by clinically relevant subgroups (prior iTTP history, iTTP
severity at presentation, and initial immunosuppression regimen).

Results: In patients with previous acute iTTP episodes, less severe disease at presentation,
or those who received a corticosteroid-only initial immunosuppression regimen, time to
platelet count response was shorter with caplacizumab vs placebo. Across all subgroups,
fewer patients experienced a composite outcome of iTTP-related death, exacerbation, or
major thromboembolic event on caplacizumab vs placebo. Placebo-treated patients
remained at risk of exacerbations and refractoriness on either initial immunosuppression
regimen (ie, corticosteroids only or corticosteroids plus rituximab). In the corticosteroids
plus rituximab group, no exacerbations were reported in caplacizumab-treated patients,
but 8 of the 16 (50%) patients experienced exacerbations in the placebo group. Safety
outcomes were consistent with the findings of the main HERCULES study.

Conclusion: Caplacizumab treatment of acute iTTP, in combination with therapeutic
plasma exchange and immunosuppression, was safe and effective regardless of prior
iTTP history, severity, or initial immunosuppression regimen and improved patient
outcomes across clinically diverse subgroups. These findings emphasize the need for
treatments with rapid onset of action that can reduce mortality and iTTP-related

complications.

© 2024 The Authors. Published by Elsevier Inc. on behalf of International Society on Thrombosis and Haemostasis. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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« Immune-mediated thrombotic thrombocytopenic purpura (iTTP) is a life-threatening disease.

« Despite standard treatment, some patients still experience poor outcomes.

» Caplacizumab with standard treatment improved outcomes across clinically diverse subgroups.

« Caplacizumab should be initiated rapidly in all patients with acute iTTP.

1 | INTRODUCTION
Immune-mediated thrombotic thrombocytopenic purpura (iTTP), also
known as acquired thrombotic thrombocytopenic purpura, is a rare,
life-threatening thrombotic microangiopathy caused by autoantibody-
mediated deficiency in the activity of the von Willebrand factor
(VWF)-cleaving enzyme ADAMTS13 (a disintegrin and metal-
loproteinase with a thrombospondin type 1 motif, member 13) [1,2]. In
iTTP, formation of platelet-rich microthrombi in the microvasculature
leads to thrombocytopenia, microangiopathic hemolytic anemia, and
tissue ischemia with consequent multiorgan damage of variable
severity [1,2]. Despite treatment with therapeutic plasma exchange
(TPE) and immunosuppression, patients still experience poor out-
comes including refractoriness, exacerbation, and death; patients who
survive acute iTTP episodes remain at risk of relapse with an
increased risk of mortality and morbidity in the long term [3-6].
Consequently, there has been a focus on developing therapies with
rapid onset of action that can reduce early mortality and refractori-
ness and improve longer-term clinical outcomes [7].

Caplacizumab directly targets the pathologic microthrombi for-
mation that occurs in iTTP by inhibiting von Willebrand factor-
platelet interaction and therefore has the potential to improve

outcomes in the acute phase of the disease [8,9]. The efficacy and
safety of caplacizumab for the treatment of iTTP have been estab-
lished in phase 2 TITAN and phase 3 HERCULES clinical trials [10,11].
Furthermore, an integrated analysis of these trials has demonstrated
that caplacizumab can prevent mortality and refractoriness [12].

While real-world studies support the benefit of early caplacizu-
mab in iTTP [13-16], some unanswered questions remain regarding
optimizing iTTP management: 1) Is caplacizumab potentially beneficial
to all patients with acute iTTP, regardless of their clinical presentation,
or should patients be stratified by their disease severity or TTP history
to guide treatment decisions? 2) Does the initial concomitant immu-
nosuppression regimen impact the efficacy of caplacizumab?

We performed a series of post hoc analyses of data from the
HERCULES study (NCT02553317) to determine the efficacy and
clinically relevant patient

safety of caplacizumab in diverse,

subgroups.

2 | METHODS

The HERCULES study protocol was approved by the institutional re-
view board or ethics committee at each site, and the study was


mailto:Katerina.Pavenski@unityhealth.to

PAVENSKI ET AL

conducted in accordance with consensus ethics principles derived
from international ethics guidelines, including the Declaration of
Helsinki and the International Council for Harmonisation guidelines
for Good Clinical Practice. All patients provided written informed

consent.

2.1 | Study design

Full study details of phase 3, double-blind, placebo-controlled HER-
CULES trial (NCT02553317) have been reported previously [11].
Briefly, 145 patients with an acute episode of clinically diagnosed iTTP
were randomized 1:1 to receive caplacizumab (n = 72) or placebo (n =
73), in conjunction with TPE and immunosuppression, until 30 days
after the last TPE. It should be noted that severe ADAMTS13 defi-
ciency was not an eligibility criterion; however, ADAMTS13 testing
was conducted at the start of the TPE period and at weekly intervals
during the 30-day post-TPE period. For patients with persistent
deficiency of ADAMTS13 (assessed weekly), treatment was allowed to
be extended for up to 28 days together with optimization of immu-
nosuppression. Patients who experienced exacerbations during the
double-blind treatment period were switched to open-label caplaci-
zumab together with reinitiation of TPE. All patients provided
informed consent before enrollment. A series of post hoc subgroup
analyses were performed in the HERCULES study population, based

on clinically relevant characteristics.

2.2 | Efficacy outcomes in clinically relevant
subgroups

For post hoc analysis, clinically relevant subgroups were categorized
according to the following characteristics: prior iTTP history, iTTP
severity at presentation, and initial immunosuppression regimen. To
group by prior iTTP history, patients participating in HERCULES were
categorized according to whether they had de novo iTTP or previous
acute iTTP episodes. For iTTP severity at presentation, patients were
stratified into less severe or very severe disease subgroups. Very
severe disease at presentation was defined as French severity score of
>3 (score assesses presence of cerebral involvement, lactate dehy-
drogenase [LDH] >10 x upper limit of normal [ULN] and age [<40/
>40 to <60/>60 years] [17]), or severe neurologic involvement
(measured by Glasgow coma scale score of <12 [severe] or 13-15
[nonsevere]; score assesses aspects of best eye response, verbal
response, and motor response, with lower scores indicating worse
function [18]), or cardiac involvement (cardiac troponin | >2.5 x ULN).
Assessment as severe/very severe as per any one of these criteria was
sufficient for inclusion in the very severe subgroup. Patients in the
HERCULES study population were also stratified based on the initial
immunosuppressive regimen received. Initial immunosuppression
regimen was defined as therapy that was started up to day 3 of the
treatment period. Treatment with high-dose corticosteroids was

mandated by the study protocol, and other immunosuppressive
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therapy was permitted in accordance with clinical practice at each site
[11]. For all patients, corticosteroid treatment had to be initiated/
continued with a prednisolone or prednisone regimen of at least 1 mg/
kg/d intravenously or orally during the daily TPE period and continued
for the first week after the end of daily TPE. Afterward, corticoste-
roids could be tapered at the discretion of the investigator, with the
aim of being corticosteroid free by day 30 after cessation of daily TPE
as clinically indicated. The main 2 groups analyzed were those who
received corticosteroids only and those who received a combined
regimen of corticosteroids and rituximab during the frontline period
(up to day 3 of treatment or screening phase). Other immunosup-
pressive agents such as mycophenolate mofetil or cyclosporine were
not included in the analysis. Differences in dose or dosing frequency of
immunosuppressive therapy were not taken into consideration in this
descriptive analysis. However, descriptive data on corticosteroid
dose by immunosuppression treatment group are provided in
Supplementary Table S1.

Efficacy outcomes in these subgroups were as reported previously
for HERCULES [11] and included the following: time to platelet count
response, defined as time to initial platelet count of >150 x10%/L with
subsequent stop of daily TPE within 5 days; composite of iTTP-related
death, exacerbation of iTTP, or at least 1 treatment-emergent major
thromboembolic (TE) event during the blinded treatment period; and
refractory iTTP, defined as absence of a doubling of the platelet count
after 4 days of treatment and an LDH level that remained above the
ULN. An iTTP exacerbation was defined if, after initial recovery, a new
decrease in platelet count was observed <30 days after last TPE,
whereas a relapse was defined if this occurred >30 days after stop-
ping TPE. Following an exacerbation, patients were required to restart
daily TPE, intensify immunosuppression, and move to open-label
caplacizumab, whereas following relapse, patients were required to
restart daily TPE and immunosuppression only. Recurrence was
defined as the occurrence of either an exacerbation or relapse. Sus-
tained ADAMTS13 activity of >20% was defined as 2 consecutive
ADAMTS13 levels of >20%, where ADAMTS13 levels were measured

at baseline and weekly from time of stopping TPE.

2.3 | Safety outcomes in clinically relevant
subgroups

Incidence of treatment-emergent adverse events (TEAEs) and serious
adverse events (SAEs) were summarized and are described for each
subgroup.

2.4 | Statistical analysis

Data on time to platelet count normalization and time to recurrence
(ie, exacerbation or relapse) were analyzed by subgroups (prior iTTP
history, disease severity at presentation, and initial immunosuppres-
sion regimen) using a Cox proportional hazards regression model, with

time to platelet count response or time to recurrence as dependent
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variables and treatment group and Glasgow coma scale category as
independent variables. The hazard ratio (HR) from the Cox model is
reported with 95% Cls. No other formal statistical testing was con-
ducted due to the post hoc nature of the analyses, and all data are

presented descriptively.

3 | RESULTS

3.1 | Efficacy outcomes in clinically relevant
subgroups

3.1.1 | Prior iTTP history

At baseline, of the 145 patients enrolled in HERCULES, 82 (56.6%) had
de novo iTTP and 63 (43.4%) had previous acute iTTP episodes
(Table 1). Of those who received caplacizumab, 48 of the 72 (66.7%)
presented with de novo iTTP compared with 34 of the 73 patients
(46.6%) in the placebo group (Table 2). Demographic characteristics
and duration of follow-up were generally balanced between the 2
prior iTTP history subgroups (Table 1). In the subgroup of patients
with de novo iTTP, the median (Q1, Q3) age was 45.5 (37.0, 58.0)
years and 68.3% were female, while those who had previous acute
iTTP episodes had a median (Q1, Q3) age of 43.0 (35.0, 55.0) years
and 69.8% were female. In patients with de novo iTTP, there was a
trend toward delayed presentation, with a median (Q1, Q3) time from
first symptom until diagnosis of 4.0 (1.0, 7.0) days in this subgroup
compared with 2.0 (1.0, 4.0) days in those who had experienced
previous acute iTTP episodes. A lower mean (SD) baseline platelet
count was observed in the de novo episode subgroup (28.8 x 10°/L
[22.3]) compared with those with previous episodes (44.4 x 10%/L
[32.8]) (Table 1).

In patients with de novo iTTP, median (95% CI) time to platelet
count response was 2.6 days (1.8, 2.9) with caplacizumab and 2.9 days
(2.6, 4.0) with placebo; there was a trend toward faster time to
platelet count response with caplacizumab, but this did not reach
significance (P = .05; HR 1.67 [95% CI: 1.03, 2.72]) (Table 2). In pa-
tients with previous acute iTTP episodes, time to platelet count
response was faster with caplacizumab compared with placebo; me-
dian (95% Cl) time to platelet count response was 2.7 days (1.8, 2.8)
with caplacizumab and 2.9 days (2.5, 3.7) with placebo (P = .04; HR
1.64 [95% Cl: 0.95, 2.82]). Fewer patients experienced the composite
outcome of iTTP-related death, exacerbation of iTTP, or a major TE
with caplacizumab than those in placebo in both the de novo episode
subgroup (6/47 [12.8%] with caplacizumab vs 19/34 [55.9%] with
placebo) and the subgroup who had experienced previous acute epi-
sodes (3/24 [12.5%)] with caplacizumab vs 17/39 [43.6%] with placebo)
(Table 2). There were no iTTP-related deaths with caplacizumab in
either subgroup, while there were 2 and 1 iTTP-related deaths in
patients receiving placebo in the de novo iTTP and previous acute
iTTP episodes subgroups, respectively (Table 2).

Among patients who had de novo iTTP, 2 of the 47 (4.3%) patients

receiving caplacizumab experienced an exacerbation compared with

15 of the 34 (44.1%) on placebo; 4 of the 47 (8.5%) patients receiving
caplacizumab in this subgroup had a relapse while none had a relapse
with placebo. None of the 48 patients with de novo iTTP who received
caplacizumab experienced refractory TTP, compared with 1 (2.9%)
patient in the placebo group (Table 2). Among patients with previous
acute iTTP episodes, 1 of the 24 (4.2%) and 13 of the 39 (33.3%)
patients experienced an exacerbation on caplacizumab and placebo,
respectively. Two of the 24 patients (8.3%) who had experienced
previous acute iTTP episodes and received caplacizumab experienced
a relapse, while no patients on placebo had a relapse. None of the 24
patients who had experienced previous acute iTTP episodes and
received caplacizumab experienced refractory TTP, compared with 2
(5.1%) patients on placebo. Recurrence (ie, exacerbation or relapse)
mainly occurred in the form of relapse in patients who received
caplacizumab and exacerbations in patients who received placebo
(regardless of prior iTTP history in either case) (Table 2).

Among those with de novo iTTP who experienced recurrence
during the overall study period, median (Q1, Q3) time to recurrence
was 20 (10, 61) days for the placebo group vs 63 (53, 66) days with
caplacizumab (HR [95%] Cl: 5.76 [2.21, 15.03]; P < .0001). For those
with history of previous acute iTTP episodes, median (Q1, Q3) time to
recurrence was 61 (17, 66) days with placebo and 67 (63, 74.5) days
with caplacizumab (HR [95%] Cl: 3.63 [1.02, 13.00]; P = .03)
(Supplementary Table S2, Figure A). Median (Q1, Q3) ADAMTS13
levels at time of recurrence were 2.5 (2.5, 4.0)% and 18 (2.5, 27.0)%
for patients on placebo or caplacizumab, respectively, with prior iTTP
(P = .48), and 2.5 (1.0, 6.0)% with caplacizumab vs 2.8 (2.0, 4.0)% with
placebo for the de novo iTTP subgroup (P = .36) . ADAMTS13 levels at
the time of exacerbation or recurrence (in all clinically relevant sub-

groups) are presented in Table 3.

3.1.2 | iTTP severity at presentation

At presentation, 90/145 patients (62.1%) had less severe disease, of
whom 42/90 (46.7%) received caplacizumab and 48/90 (53.3%) were
on placebo (Table 1). In the very severe group at presentation (55/145
[37.9%)), 30/55 (54.5%) were treated with caplacizumab while 25/55
(45.5%) received placebo (Table 1). Demographic characteristics and
follow-up duration were generally balanced between the 2 subgroups
(Table 1); those with less severe disease at presentation had a median
(Q1, QJ) age of 42.0 (33.0, 54.0) years and 70.0% were female, while
those with very severe disease at presentation had a median (Q1, Q3)
age of 48.0 (43.0, 61.0) years and 67.3% were female. Among patients
with less severe disease at presentation, 47/90 (52.2%) had de novo
iTTP and 43/90 (47.8%) had previous acute iTTP episodes. Among
patients with very severe disease at presentation, 35/55 (63.6%)
presented with de novo iTTP vs 20/55 (36.4%) with previous acute
iTTP episodes (Table 1).

In patients with less severe disease at presentation, there was a
faster time to platelet count response in those treated with caplaci-
zumab than placebo; median (95% Cl) time to platelet count response
was 2.7 days (1.8, 2.8) with caplacizumab and 2.8 days (2.7, 3.6) with



TABLE 1 Baseline characteristics by clinically relevant subgroup.

Baseline characteristic
Age (y), median (IQR)
Female, n (%)

Time from first symptom to diagnosis (d),
median (IQR)

Follow-up time (d), median (IQR)
Prior TTP episodes, n (%)
Initial
Recurrent
ADAMTS13
<10%
>10%
Platelet counts (x10%/L)
Mean (SD)
Median (IQR)
LDH (U/L), n
Median (IQR)
>ULN, n (%)
Cardiac troponin | (ug/L), n
Median
Range
>ULN, n (%)
Serum creatinine (umol/L), n
Median (IQR)
>ULN, n (%)

Prior iTTP history

Disease severity at presentation®

Initial immunosuppression regimen®*

De novo
(n = 82)

455 (37.0, 58.0)
56 (68.3)
4.0 (1.0, 7.0)

28.0 (27.0, 28.0)

82 (100)
0

71 (87.7)
10 (12.3)

28.8 (22.3)
220 (12.0, 42.5)
75

436 (359, 801)
67 (89.3)

75

0.12
0.01-75.96

46 (61.3)

75

81 (63, 108)
19 (25.3)

Previous acute episode

(n = 63)

43.0 (35.0, 55.0)
44 (69.8)

2.0 (1.0, 4.0

28.0 (27.0, 29.0)

0
63 (100)

52 (83.9)
10 (16.1)

44.4 (32.8)
27.0 (19.0, 68.0)
57

346 (269, 564)
48 (84.2)

57

0.04
0.01-74.89

25 (43.9)

57

77 (63, 91)

11 (19.3)

Less severe
(n = 90)

42,0 (33.0, 54.0)
63 (70.0)
2.0 (1.0, 6.0)

28.0 (27.0, 28.0)

47 (52.2)
43 (47.8)

74 (84.1)
14 (15.9)

37.2 (27.7)
25.0 (16.0, 52.0)
77

382 (267, 520)
64 (83.1)

77

0.04

0.01-0.14

17 (22.1)

77

71 (60, 87)

10 (13)

Very severe
(n = 55)

48.0 (43.0, 61.0)
37 (67.3)
3.0 (1.0, 7.0)

28.0 (27.0, 28.0)

35 (63.6)
20 (36.4)

49 (89.1)
6 (10.9)

32.9 (29.5)
20.0 (11.0, 49.0)
55

559 (373, 993)
51 (92.7)

55

4.86
0.01-75.96

54 (98.2)

55

89 (69, 127)
20 (36.4)

Corticosteroids only

(n = 112)

45.0 (37.0, 55.0)
74 (66.1)

2.0 (1.0, 6.0)

28.0 (27.0, 28.0)

67 (59.8)
45 (40.2)

97 (86.6)
15 (13.4)

35.6 (28.0)
24.5 (15.0, 50.0)
103

426 (301, 634)
92 (89.3)

103

0.08
0.01-75.96

56 (54.4)

103

80 (62, 105)
24 (23.3)

Corticosteroids + rituximab
(n = 24)

43.0 (34.5,51.5)
18 (75.0)
4.5 (2.0, 7.5)

28.0 (28.0, 29.0)

13 (54.2)
11 (45.8)

23 (95.8)
1(4.2)

31.6 (28.4)
23.0(11.0, 42.0)
23

411 (267, 515)
19 (82.6)

23

0.1

0.01-4.44

13 (56.5)

23

79 (65, 98)
5(21.7)

ADAMTS13, a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13; iTTP, immune-mediated thrombotic thrombocytopenic purpura; LDH, lactate dehydrogenase; TTP,
thrombotic thrombocytopenic purpura; ULN, upper limit of normal.
#Very severe disease at presentation was defined as French severity score >3 (score assesses presence of cerebral involvement, LDH >10 x ULN, and age [<40/>40 to <60/>60 y] [17]) or severe neurologic
involvement (measured by Glasgow coma scale score <12 [severe] or 13-15 [nonsevere]; score assesses aspects of best eye response, verbal response, and motor response, with lower scores indicating worse
function [18]), or cardiac involvement (cardiac troponin | >2.5 x ULN). Assessment as severe/very severe as per any one of these criteria was sufficient for inclusion in the very severe subgroup.

PNine patients received another form of immunosuppressive therapy (n = 1 for each: frontline cyclophosphamide, intensified cyclophosphamide [given after day 4], hydroxychloroquine, immunoglogulin human
normal, mycophenolate mofetil, prednisolone, prednisone, methylprednisolone, methylprednisolone sodium succinate).
“Initial immunosuppression regimen was defined as therapy that was started up to day 3 of the treatment period.
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TABLE 2

Efficacy outcome

Time to platelet count
response (d)

Median (Q1, Q3)

95% CI°
P value®

Time to platelet count response,
normalization hazard ratio
(95% CI)°

Composite outcome,® n (%)
TTP-related death, n'(%)
Exacerbation of TTP, n (%)"
Major TE event, n (%)’
Recurrence of TTP, n (%)’
Relapse of TTP,“ n (%)

Refractory TTP, n (%)

De novo iTTP (n = 82)

Efficacy outcomes by clinically relevant subgroup (ITT population).

Previous acute iTTP

Less severe disease at

Very severe disease at

Corticosteroids only

Corticosteroids +

episodes (n = 63) presentation® (n = 90) presentation® (n = 55) (n=112) rituximab (n = 24)
Placebo Caplacizumab Placebo Caplacizumab Placebo Caplacizumab Placebo Caplacizumab Placebo Caplacizumab Placebo Caplacizumab
(n=34) (n=48) (n=39) (n=24) (n=48) (n=42) (n=25) (n=230) (n=54) (n=58) (n=16) (n=8)
29(20, 26(17,38) 29(19, 27(18,29) 28(20, 27(17,29) 35(19, 27(17,38) 29(19, 27(17,29) 28(26, 27(20, 42

5.7) 3.9) 3.8) 5.7) 4.0) 3.9)

(2.6,40) (18,29 (25,37) (18,28 (27,3.6) (18,28) (20,5.7) (18,29 (27,38) (19,29 (25,37) (16,47
.05 .04 .03 A1 .007 .89
1.67 (1.03, 2.72) 1.64 (0.95, 2.82) 1.59 (1.02, 2.47) 1.69 (0.94, 3.04) 1.85 (1.23, 2.77) 0.92 (0.37, 2.29)
19 (55.9) 6 (12.8)° 17 (43.6) 3 (12.5) 24 (50.0) 2 (4.9)" 12 (48.0) 7 (23.3) 26 (48.1) 7 (12.1) 9(56.3) 1(12.5)
2 (5.9 0 1(2.6) 0 1(2.1) 0 2 (8.0) 0 2(37) 0 0 0
15 (44.1) 2 (4.3 13 (33.3) 1(4.2) 20 (41.7) O 8(320) 3(10.0) 20 (37.0) 3(5.2) 8(500) O
3(8.8) 4 (8.3) 3(7.7) 2 (8.3) 3(6.3) 2 (4.8) 3(120) 4 (13.3) 5(9.3) 4 (6.9) 1(6.3) 1(12.5)
15 (44.1) 6 (12.8)¢ 13 (33.3) 3(125) 20 (41.7) 5 (12.2)" 8(320) 4(13.3) 20 (37.0) 7 (12.1) 8(50.0) 1(12.5)
0 4 (8.5)° 0 2 (8.3) 0 5(12.2) 0 1(3.3) 0 4 (6.9) 0 1(12.5)
1(2.9) 0 2 (5.1) 0 1(2.1) 0 2 (8.0) 0 1(1.9) 0 1(6.3) 0

ITT, intention-to-treat; iTTP, immune-mediated thrombotic thrombocytopenic purpura; TE, thromboembolic; TTP, thrombotic thrombocytopenic purpura.
*Very severe disease at presentation was defined as French severity score >3 (score assesses presence of cerebral involvement, lactate dehydrogenase > 10 x upper limit of normal [ULN], and age [<40/>40
to <60/>60 y] [17]), or severe neurologic involvement (measured by Glasgow coma scale score <12 [severe] or 13-15 [nonsevere]; score assesses aspects of best eye response, verbal response and motor
response, with lower scores indicating worse function [18]), or cardiac involvement (cardiac troponin | >2.5 x ULN). Assessment as severe/very severe as per any one of these criteria was sufficient for

inclusion in the very severe subgroup.
PDerived using Kaplan-Meier method.

“Derived based on log-rank test.

dCox proportional hazards model with treatment group and Glasgow coma scale category as independent variables. The placebo group was considered as the reference to compute the hazard ratio.
¢Composite outcome of TTP-related death, recurrence of TTP (exacerbation), or major TE event during the blinded treatment period.
fPercentages were calculated based on assessed patients.
847 subjects were assessable for this event.

h41 subjects were assessable for this event.

iPercentages were calculated based on n for each subgroup.
JRecurrence of TTP during the overall study period.
kOccurences of relapse before the treatment switch are considered.
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placebo (P = .03; HR 1.59 [95% Cl: 1.02, 2.47]). In patients with very
severe disease at presentation, there was a trend toward faster time
to platelet count response, but this did not reach significance; median
(95% CI) time to platelet count response was 2.7 days (1.8, 2.9) with
caplacizumab and 3.5 days (2.0, 5.7) with placebo (P = .11); HR 1.69
[95% Cl: 0.94, 3.04]). Fewer patients experienced the composite
outcome of iTTP-related death, exacerbation, or major TE with
caplacizumab than placebo in both the less severe subgroup (2/41,
4.9% vs 24/48, 50.0%) and the very severe subgroup (7/30, 23.3% vs
12/25, 48.0%). There were no iTTP-related deaths with caplacizumab
in either subgroup, while there were 1 and 2 iTTP-related deaths in
patients receiving placebo in the less severe and very severe disease
subgroups, respectively (Table 2).

No patients treated with caplacizumab developed refractory dis-
ease in either subgroup. In patients receiving placebo, 1 and 2 patients
experienced refractoriness in the less severe and very severe disease
at presentation subgroups, respectively. Among those treated with
caplacizumab, no exacerbations occurred in the less severe group and
3/30 patients (10%) experienced an exacerbation in the very severe
group. For those on placebo, 20 (41.7%) and 8 (32%) patients had an
exacerbation in the less severe and very severe disease subgroups,
respectively. In patients receiving caplacizumab, 5 patients (12.2%) in
the less severe disease group and 1 patient (3.3%) in the very severe
disease group experienced a relapse, while no patients on placebo had
a relapse. Recurrence in patients who received caplacizumab was
mainly driven by relapse in patients with less severe disease and by
exacerbation in patients with very severe disease (Table 2).

Among patients with less severe disease at presentation who
experienced recurrence, median (Q1, Q3) time to recurrence was 32
(11, 64) days for the placebo group vs 64 (61, 69) days for the
caplacizumab group (HR [95%] CI: 5.23 [1.95, 14.07]; P = .0003). For
those with very severe disease at presentation, median (Q1, Q3) time
to recurrence was 37 (12, 64) days among the placebo group vs 63.5
(60, 71) days in the caplacizumab group (HR [95%] Cl: 3.22 [0.96,
10.72]; P = .04) (Supplementary Table S2, Figure B). Median (Q1, Q3)
ADAMTS13 levels at time of recurrence were 2.5% (1.5%, 3.5%) with
placebo and 2.5% (2.5%, 3.0%) with caplacizumab for patients with
less severe disease at presentation (P = .92) and 3.75% (2.5%, 7.0%)
with placebo vs 6.15% (3.0%, 17.7%) with caplacizumab for those with
very severe disease at presentation (P = .91).

3.1.3 | Initial immunosuppression regimen

A total of 112 of the 145 patients received corticosteroids only as
their initial immunosuppressive therapy (77.2%), while 24 of the 145
patients (16.6%) received a combination of corticosteroids and early
rituximab (initiated within the first 3 days of the study) (Table 1).
Demographics, clinical characteristics, and follow-up duration be-
tween the 2 subgroups were well balanced (Table 1). Median (Q1, Q3)
age was 45.0 (37.0, 55.0) years among patients receiving corticoste-
roids only (66.1% female) and 43.0 (34.5, 51.5) years among those

receiving corticosteroids and rituximab (75.0% female).
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Intensification of immunosuppressive therapy was required for 38
of the 112 patients (33.9%) who initially received corticosteroids only
and 3 of the 24 (12.5%) patients who initially received corticosteroids
and rituximab. The corticosteroid-only group included 19 patients in
each treatment group; intensification was often through the addition
of rituximab. Median time from treatment start to first intensification
was 12 days (range, 4-75 days) for the placebo group vs 17 days
(range, 4-90 days) for the caplacizumab group. Intensification
occurred in the double-blind treatment period for the majority of the
patients (13/19 and 14/19 patients in the placebo and caplacizumab
groups, respectively), whereas for the rest intensification occurred
within the open-label treatment or follow-up periods (3/19 and 3/19,
respectively, for the placebo group; 0/19 and 5/19, respectively, for
the caplacizumab group). There is limited information available on
reasons for treatment intensification, but low ADAMTS13 levels were
flagged in the majority of patients in both treatment groups (17/19 in
each group) in the week prior to intensification. The 3 patients who
received corticosteroids and rituximab as initial immunosuppressive
therapy were all in the caplacizumab treatment group; these patients
received mycophenolate mofetil (with or without bortezomib) as
intensification therapy (Table 4). Median time to intensification for
these 3 patients was 12 days (range, 5-41 days) and occurred in the
double-blind treatment period for 2 of the 3 patients and during the
follow-up period for the remaining patient. In the corticosteroid-only
subgroup, 67 of the 112 patients (59.8%) presented with de novo ITP
while 45 of the 112 (40.2%) had previous acute iTTP episodes. Among
those receiving corticosteroids and rituximab, 13 of the 24 patients
(54.2%) had de novo iTTP and 11 of the 24 (45.8%) had previous acute
iTTP episodes (Supplementary Table S3).

In patients receiving corticosteroids only, median (95% CI) time to
platelet count response was shorter for those receiving caplacizumab
(2.7 days [1.9, 2.9]) than for those receiving placebo (2.9 days [2.7,
3.8]; P = .007; HR 1.85 [95% CI: 1.23, 2.77]). In patients receiving
corticosteroids and rituximab, no differences were seen between
treatment groups in median (95% CI) time to platelet count response;
2.7 (1.6, 4.7) days with caplacizumab and 2.8 (2.5, 3.7) days with
placebo (P =.89; HR 0.92 [95% Cl: 0.37, 2.29]) (Table 2). Among those
receiving corticosteroids only, the median (95% CI) time to sustained
ADAMTS13 activity of >20% from starting placebo was 22.0 (9.0,
54.0) days (n = 37/54) and 28.0 (13.0, 43.0) days from starting
caplacizumab (n = 39/58). In the corticosteroid-only subgroup, 38.5%
(20/52) on placebo and 30.9% (n = 17/55) receiving caplacizumab had
sustained ADAMTS13 activity of >20% 7 days after stopping TPE. At
30 days after TPE, 51.9% (27/52) of patients receiving placebo in the
corticosteroid-only subgroup did not have sustained ADAMTS13 of
>20% compared with 50.9% (28/55) of patients receiving caplacizu-
mab. Among those receiving corticosteroids in combination with rit-
uximab, the median (95% Cl) time to sustained ADAMTS13 activity of
>20% was 39.0 (6.0, 62.0) days in the placebo group (n = 13/16) and
21.5 (6.0, 28.0) days in the caplacizumab group (n = 7/8). In the
corticosteroid + rituximab subgroup, 18.8% (3/16) of those on placebo
and 37.5% (3/8) of those receiving caplacizumab had sustained
ADAMTS13 activity of >20%, 7 days after stopping TPE. At 30 days
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FIGURE Time to recurrence by (A) prior iTTP history and treatment group, (B) disease severity at presentation and treatment group, and
(C) initial immunosuppression regimen and treatment group. iTTP, immune-mediated thrombotic thrombocytopenic purpura.

after TPE, 68.8% (11/16) of patients receiving placebo in the
corticosteroid + rituximab subgroup did not have sustained
ADAMTS13 of >20% compared with 12.5% (1/8) of patients receiving
caplacizumab (Supplementary Table S4).

Fewer patients experienced the composite outcome of TTP-related
death, exacerbation, and major TE with caplacizumab vs placebo in both
subgroups (Table 2). In the corticosteroid-only subgroup, 7 of the 58
patients (12.1%) experienced the composite outcome in the caplacizu-
mab group compared with 26 of the 54 (48.1%) in the placebo group,
while in the corticosteroid plus rituximab subgroup, 1 of the 8 patients
(12.5%) experienced the composite outcome with caplacizumab
compared with 9 of the 16 patients (56.3%) with placebo.

In the placebo arm, 20 of the 54 patients (37.0%) and 8 of the 16
patients (50.0%) experienced an exacerbation in the corticosteroid-
only subgroup and the corticosteroid plus rituximab subgroup,
respectively. In the caplacizumab group, 3 of the 58 patients (5.2%)
experienced an exacerbation in the corticosteroid-only group, while
no patients receiving corticosteroids and rituximab experienced an
exacerbation (Table 2). Two of the 3 caplacizumab-treated patients
with exacerbations had received their last caplacizumab dose O days
prior to exacerbation, while the third patient received the last dose 7
days prior to exacerbation. All 3 patients tested positive for antidrug
antibodies (ADAs); 1 patient developed an ADA before experiencing
exacerbation, while the other 2 patients developed an ADA at least
once after exacerbation. In the placebo group, no patients experienced
a relapse in either subgroup, while 4 of the 58 patients (6.9%) in the
corticosteroid-only group and 1 of the 8 patients (12.5%) receiving

corticosteroids and rituximab experienced a relapse in the caplacizu-
mab group. No caplacizumab-treated patient developed refractory
TTP in either the corticosteroid-only subgroup or the corticosteroid
plus rituximab subgroup, whereas of those treated with placebo, 1
patient in each subgroup had refractory TTP. There were no TTP-
related deaths with caplacizumab in either subgroup, while in the
2 patients had a TTP-related death in the

corticosteroid-only subgroup (Table 2). In patients receiving cortico-

placebo group,

steroids only, 7 of the 58 (12.1%) in the caplacizumab group experi-
enced TTP recurrence (ie, 4 cases of relapse and 3 exacerbations)
during the overall study period compared with 20 of the 54 (37.0%) in
the placebo group (all exacerbations). In patients receiving cortico-
steroids and rituximab, 1 of the 8 patients (12.5%) in the caplacizumab
group experienced recurrence (in the form of relapse) compared with
8 of the 16 (50.0%) in the placebo group (all exacerbations).

Among those receiving corticosteroids only as their initial
immunosuppressive regimen, median (Q1, Q3) time to recurrence was
46 (11, 65) days in the placebo group vs 64 (60, 73) days in the
caplacizumab group (HR [95%] CI: 4.20 [1.77, 9.97]; P = .0004). For
those who received corticosteroids and rituximab as their initial
immunosuppressive therapy, median (Q1, Q3) time to recurrence was
29 (12, 62.5) days among the placebo group vs 64.5 (63, 66) days in
the caplacizumab group (HR [95%] Cl: 6.15 [0.75, 50.71]; P = .07)
(Supplementary Table S2, Figure C). Median (Q1, Q3) ADAMTS13
levels at time of recurrence were 2.5% (2.0%, 4.5%) and 3.0% (2.0%,
18.0%) for those on placebo or caplacizumab, respectively, receiving
corticosteroids only (P = .66), and 2.5% (1.5%, 7.0%) with placebo vs
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4.0% (4.0%, 4.0%) with caplacizumab among patients on corticoste-
roids and rituximab (P = .77).

3.2 | Safety outcomes in clinically relevant
subgroups
3.2.1 | iTTP history

The incidence of TEAEs was similar between caplacizumab and pla-
cebo, regardless of prior iTTP history. In the subgroup of patients with
de novo iTTP, the proportion of patients experiencing at least 1
treatment-emergent SAE was lower with caplacizumab (18/47
[38.3%)]) than with placebo (22/34 [64.7%)) (Table 5).

3.2.2 | Disease severity at presentation
The proportions of patients experiencing TEAEs were generally
similar for caplacizumab and placebo, regardless of iTTP disease

severity at presentation (Table 5). Fewer patients experienced

Time (days)
— Caplacizumab - - - - Placebo
8 8 8 8 7 7 1 0
14 9 8 7 7 6 1 1 1 0

treatment-emergent SAEs on caplacizumab compared with placebo in
both disease severity subgroups. The most common bleeding-related
adverse events in caplacizumab-treated patients across all disease
severity subgroups were epistaxis (31.7%-33.3%) and gingival
bleeding (16.7%-19.5%). Catheter site hemorrhage was reported in 5
caplacizumab-treated patients: 4 (13.3%) with very severe disease at
presentation and 1 (2.4%) with less severe disease at presentation. In
the placebo group, catheter site hemorrhage was reported in 2 (8.0%)

and 3 (6.3%) patients, respectively.

3.2.3 | Initial immunosuppression regimen

Incidence of TEAEs was similar between caplacizumab and placebo,
regardless of initial immunosuppression regimen. In each immunosup-
pressive therapy subgroup, the proportion of patients experiencing at
least 1 treatment-emergent SAE was numerically lower with caplaci-
zumab than that with placebo (Table 5). Among those receiving corti-
costeroids only, 21 of the 58 (36.2%) had at least 1 treatment-emergent
SAE with caplacizumab compared with 28 of the 54 (51.9%) with pla-
cebo. Among patients receiving corticosteroids and rituximab, 2 of the 8



TABLE 3 ADAMTS13 levels at time of exacerbation and relapse by clinically relevant subgroup (ITT population).?

ADAMTS13 level

De novo iTTP
(n = 82)

ADAMTS13 levels at time of exacerbation (%)

n
Median
Q1, Q3

Minimum, maximum

Mean difference (95% Cl)

pc

15 2

25 52

1.0, 6.0 20,83
1.0, 64.0 20,83
—-2.3(-27.0, 22.4)
.8465

ADAMTS13 levels at time of relapse (%)

n
Median
Q1, Q3

Minimum, maximum

0 4
238
1.8, 3.5
1.0, 40

Previous acute

iTTP episodes

(n = 63)

13 1

25 27
25,40 27.0, 27.0
1.0, 66.3 27.0, 27.0

19.1 (-20.9, 59.0)

.3189

0 2
10.3
25,180
25,180

Less severe disease
(n = 90)°

20 0

25

15,35

1.0, 64.0

NE

NE

0 5
25
25,30
1.0, 18.0

Very severe disease
(n = 55)°

8 3

3.8 8.3
25,70 20,270
1.0, 66.3 20,270

0.7 (-30.7, 32.1)

.9604

0 1
4
4.0, 4.0
4.0, 4.0

ADAMTS13, a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13; ITT, intention-to-treat; NE, not estimable.
*The ADAMTS13 value on the same day of first occurrence of recurrence/exacerbation/relapse is considered. If ADAMTS13 value was not available on the same day of first occurrence of recurrence/
exacerbation/relapse, then the closest date either before or after the first occurrence was considered. If the closest day was the same before and after the occurrence of recurrence/exacerbation/relapse, then
the ADAMTS13 value after the occurrence or recurrence/exacerbation/relapse was considered.
bVery severe disease at presentation was defined as French severity score >3 (score assesses presence of cerebral involvement, lactate dehydrogenase >10 x upper limit of normal [ULN] and age [<40/>40 to
<60/>60 y] [17]), or severe neurologic involvement (measured by Glasgow coma scale score <12 [severe] or 13-15 [nonsevere]; score assesses aspects of best eye response, verbal response, and motor
response, with lower scores indicating worse function [18]), or cardiac involvement (cardiac troponin | >2.5 x ULN). Assessment as severe/very severe as per any one of these criteria was sufficient for
inclusion in the very severe subgroup.

P value was derived from 2-sample t-test.

Corticosteroids only
(n = 112)

20 3

25 8.3
20,45 20,270
1.0, 64.0 20,270

6.2 (—11.5, 23.8)

4768

0 4
28
1.75, 10.5
1.0, 18.0

Corticosteroids +
rituximab (n = 24)

8 0

25

1.5,7.0

10, 66.3

NE

NE

0 1
4
40,40
40,40
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TABLE 4 Additional therapies used for immunosuppressive therapy intensification in patients receiving corticosteroids with or without

rituximab at baseline.

Corticosteroids only (n = 112)

Corticosteroids + rituximab (n = 24)

Additional therapy Placebo (n = 54)

Any intensification, n (%)*" 19 (35.2) 19 (32.8)
Rituximab 19 (100.0) 18 (94.7)
Mycophenolate mofetil 0 1 (5.3)
Splenectomy 1(5.3) 1 (5.3)
Bortezomib 0 1(5.3)
Hydroxychloroquine 0 1 (5.3)
Plasma“ 1(5.3) 0

Caplacizumab (n = 58)

Placebo (n = 16) Caplacizumab (n = 8)
3(37.5)

0

3 (100)

0

1(33.3)

o O o o o o o

Intensified immunosuppression was defined as start of immunosuppression therapy from day 4 or later.
The denominator for percentages for “any intensification” is based on treatment totals in each subgroup. The denominator for percentages for additional

medications are based on those with “any intensification.”
“Based on investigator reporting.

(25%) in the caplacizumab group experienced at least 1 treatment-
emergent SAE compared with 10 of the 16 (62.5%) in the placebo
group. The addition of rituximab to the immunosuppression regimen did
not appear to affect caplacizumab safety outcomes (Table 5).

4 | DISCUSSION

These post hoc analyses confirm the efficacy of caplacizumab in clin-
ically diverse subpopulations of patients with iTTP, regardless of
clinical features at presentation. Our findings demonstrate the early
and sustained benefit of caplacizumab over placebo, irrespective of
prior iTTP history, disease severity at presentation, or initial immu-
nosuppression regimen.

Although the disease course in iTTP is often unpredictable, studies
indicate that advanced age, elevated LDH and raised cardiac troponin
levels, and cerebral involvement suggest a poor prognosis [3,17,19-21].
Thus, while patients with very severe disease are considered to be at
risk for poor outcomes, our analysis shows that, even among patients
classified as having less severe disease at presentation, more than 40%
experienced exacerbation within 30 days of responding to TPE and
immunosuppression. Furthermore, regardless of prior iTTP history at
presentation, patients in the placebo group were at high risk of iTTP-
related death, exacerbation, or major TE event. This aligns with a
report from the Ohio State University registry, where patients with de
novo and previous iTTP episodes had similar clinical response, exacer-
bation, refractoriness, and mortality rates [22]. In our analyses, we
found that patients with very severe disease at presentation also tended
to be older (mean age 48.0 years compared with a mean age of 42.0
years for those with less severe disease at presentation), and severe
disease was overrepresented among those with de novo iTTP. Of note, a
clear treatment benefit with caplacizumab was demonstrated in pa-
tients with iTTP irrespective of disease severity at presentation or
whether they presented with de novo iTTP or previous acute iTTP ep-

isodes. This highlights the importance of starting caplacizumab therapy

in all patients with iTTP. Of the patients with less severe disease who
received caplacizumab, 12.2% experienced relapse; however it should
be noted that the numbers were small and effect implausible as capla-
cizumab is not expected to affect ADAMTS13 activity [23].

Rituximab treatment during the acute phase of iTTP has been
shown to reduce the risk of relapse and mortality [24,25]. However,
our findings demonstrate that despite receiving immunosuppressive
therapy including early rituximab, patients remained at risk of exac-
erbations and refractoriness, events which typically occur in the first 2
to 3 weeks of disease presentation and prior to rituximab effect [26].
In this study, fewer patients experienced the composite TTP outcome
of iTTP-related death, exacerbation of iTTP, or a major TE with
caplacizumab compared with placebo in the corticosteroid-only sub-
group and the corticosteroid plus rituximab subgroup; this was mainly
driven by the higher number of exacerbations/recurrences in the 2
placebo subgroups compared with the 2 caplacizumab subgroups.
Onset of action of rituximab is slow [26], and although it is likely to
have an effect on longer-term disease control, its impact on exacer-
bations is currently unclear. Caplacizumab and rituximab have com-
plementary modes of action, with caplacizumab providing early
benefit by halting ongoing microthrombosis and rituximab addressing
the underlying autoimmune disease by potentially inhibiting anti-
ADAMTS13 antibody production [14]. International Society on
Thrombosis and Haemostasis (ISTH) guidelines recommend early start
of caplacizumab and rituximab (ie, at the time when a diagnosis of
iTTP is confirmed [27]).

In the HERCULES study, ADAMTS13 activity was persistently low
among patients experiencing iTTP recurrence [11]. Recent real-world
evidence data reported similar results for patients with recurrent
disease [13] and support the combined use of rituximab with capla-
cizumab, and continuation of caplacizumab until improvement in
ADAMTS13 levels is observed [13,14]. In our analyses, median time to
sustained ADAMTS13 activity of >20% was shorter among
caplacizumab-treated patients who received corticosteroids plus rit-
uximab (21.5 days) compared with those on placebo (39.0 days) and
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In conclusion, this study adds to previous evidence for the efficacy and
safety of caplacizumab in iTTP and reinforces the need for its use in
clinically diverse subgroups. In this cohort, caplacizumab treatment in
combination with TPE and immunosuppression improved the com-
posite iTTP outcome of iTTP-related death, exacerbation, or major TE
event in patients with iTTP, irrespective of de novo or previous acute
prior iTTP history, initial immunosuppression regimen or disease
severity at presentation. Regardless of initial immunosuppression
regimen, risk of exacerbation was lower among patients receiving
caplacizumab compared with placebo.
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