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Essentials

Abstract

Recently, treatment of immune-mediated thrombotic thrombocytopenic pur-
pura (ITTP) has changed with the advent of caplacizumab in clinical practice. The
International Working Group (IWG) has recently integrated the ADAMTS-13 activ-
ity/autoantibody monitoring in consensus outcome definitions. We report three ITTP
cases during the coronavirus disease 2019 pandemic, that received a systematic eval-
uation of ADAMTS-13 activity and autoantibodies. We describe how the introduction
of caplacizumab and ADAMTS-13 monitoring could change the management of ITTP
patients and discuss whether therapeutic choices should be based on the clinical re-
sponse alone. ADAMTS-13 activity/antibodies were assessed every 5 days. Responses
were evaluated according to updated IWG outcome definitions. These kinetics, rather
than clinical remission, guided the therapy, allowing early and safe caplacizumab dis-
continuation and sensible administration of rituximab. Caplacizumab was cautiously
discontinued after achieving ADAMTS-13 complete remission. These cases illustrate
that prospective ADAMTS-13 evaluation and use of updated IWG definitions may

improve real-life patients’ management in the caplacizumab era.
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e An expert group has advised ADAMTS-13 blood tests in immune-mediated thrombotic thrombocytopenic purpura (ITTP).
o We used ADAMTS-13 monitoring to guide treatment in three patients with ITTP.

e This approach allowed cautious stopping of caplacizumab and less rituximab use.

e This new treatment approach may be helpful to others.
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1 | INTRODUCTION

Immune-mediated thrombotic thrombocytopenic purpura (ITTP)
is a life-threatening thrombotic microangiopathy caused by severe
deficiency of ADAMTS-13 mediated by autoantibodies. Diagnosis
is based on reduced (<10%) ADAMTS-13 activity. Since this test is
frequently unavailable, clinical prediction tools are generally used to
estimate the likelihood of severe ADAMTS-13 deficiency in a sus-
pected TTP. Among them, the PLASMIC score (composed of: PLatelet
count, Absence of active neoplasia/of an organ or stem-cell transplant,
Serum creatinine, Mean corpuscular value; International normalized
ratio and Combined hemolysis variable) is the most validated.?

The cornerstones of treatment are therapeutic plasma exchange
(TPE), corticosteroids and caplacizumab.® Caplacizumab is a nanobody
that targets the A1 domain of the von Willebrand factor (VWF) and
inhibits the interaction with platelets, thus preventing thromboses.*
In the HERCULES phase 3 randomized trial, caplacizumab proved its
superiority over placebo in reducing time to platelet normalization
and TTP-related events including TTP exacerbations/resistance and
death.’ These results were recently confirmed in real-life cohorts.®”

So far, definitions of response, exacerbation, remission, and re-
lapse have been based on platelet count and benchmarked against
the timing of discontinuation of daily TPE.® The advent of anti-VWF
therapy and the increased ability to test ADAMTS-13 in many cen-
ters have recently prompted a revision of response criteria with in-
corporation of ADAMTS-13 activity.9

We hereby report three cases of ITTP followed at our hematology
center, in which the updated response criteria were used to personalize
the therapeutic approach and optimize the use of rituximab and capla-
cizumab. This was of importance also in light of the current coronavirus
disease 2019 (COVID-19) pandemic. To this end, ADAMTS-13 activity

and autoantibodies were performed systematically every 5 days.
2 | CASE DESCRIPTIONS

2.1 | Casereportil

In December 2020, a 73-year-old woman was admitted to the emer-

gency room (ER) with paresthesia of the left upper extremity, dys-
arthria, and headache (Figure 1A). A brain computed tomography

(CT) scan showed an acute ischemic lesion in the left frontal area.
Medical history included type 2 diabetes, hypertension, dyslipi-
demia, and acute myocardial infarction (2015).

Laboratory tests showed mild hemolytic Coombs-negative
anemia (hemoglobin [Hb], 9.5 g/dL) and severe thrombocytopenia
(platelet count, 13 x 10?/L), 3% schistocytes on peripheral blood
smear, increased lactate dehydrogenase (LDH; 1190 U/L), increased
indirect bilirubin (total bilirubin, 2.5 mg/dL, indirect bilirubin, 2.2 mg/
dL), haptoglobin <30 mg/dL with normal renal function (creatinine
1.24 mg/dL), and coagulative parameters (PLASMIC score, 7). Based
on the features, we assumed a diagnosis of ITTP, and we started
treatment with TPE, caplacizumab, and prednisone. Twenty-four
hours later, baseline ADAMTS-13 activity was 6%, with elevated an-
tibodies titer (180 U/mL). Clinical response was achieved on day 5
from TPE start; accordingly, daily TPE was stopped. On day 10, the
patient was in complete ADAMTS-13 remission, and caplacizumab
was discontinued. Despite a stable ADAMTS-13 remission, anti-
ADAMTS-13 antibody titer was persistently high (98 U/mL). Based
on this laboratory pattern, rituximab was started on day 13, with
progressive decrease of antibody titer and no TTP exacerbations.
On day 60, the patient was in stable ADAMTS-13 remission.

2.2 | Casereport?2
InJanuary 2021, a 49-year-old man was admitted to the ER due to fever,
macrohematuria, and skin petechiae over the previous week (Figure 1B).
Soon after admission, he suffered a transient ischemic attack (transient
aphasia with negative brain CT scan). Nasal swab was negative for se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection.
Medical history included obesity and presence of lupus anticoagulant
and antiphospholipid antibodies and deficiency of factor XII.
Laboratory tests showed Coombs-negative hemolysis
(Hb. 10.3 g/dL) and severe thrombocytopenia (platelet count,
22 x 10%/L), 4% schistocytes on peripheral blood smear, increased
LDH (1034 U/L), increased indirect bilirubin (total bilirubin, 2.2 mg/
dL; indirect bilirubin, 1.8 mg/dL), haptoglobin <30 mg/d with nor-
mal renal function (creatinine, 1.07 mg/dL) and coagulative tests
(PLASMIC score, 7). Based on the features, we assumed a diagnosis
of ITTP, and we started treatment with TPE, caplacizumab and pred-

nisone. Notably, a secondary ITTP could be suspected because of

FIGURE 1 Clinical course of the three patients (1A, 1B, and 1C) with ITTP followed at our hematology center. No bleeding or thrombotic
episodes were reported during caplacizumab therapy. Corticosteroids consisted in prednisone, starting dose 1 mg/kg/d. Purple arrows
indicate rituximab 375 mg/mz. The anti-ADAMTS-13 autoantibody titers are shown as light blue columns. ADAMTS-13 activity and platelet
count are represented by dark blue and red lines, respectively. Clinical response was assessed using revised response criteria and included
resolution of neurological signs in patient 1. A clinical remission is defined as sustained clinical response with either (i) no TPE and no anti-
VWEF therapy for 230 days or (ii) with attainment of ADAMTS-13 remission (partial or complete), whichever occurs first. Our patients were
defined in clinical remission because they met this second definition (ie, they had achieved an ADAMTS-13 remission). According to update
response criteria, partial ADAMTS-13 remission is defined as ADAMTS-13 activity 220%, while complete ADAMTS13 remission requires an
activity to be the lower limit of normalor greater. Notably, an ADAMTS-13 relapse may occur in patients with clinical response.9 ADAMTS-13
activity and anti-ADAMTS-13 autoantibodies of IgG class were assessed by a commercially available ELISA (TECHNOZYM ADAMTS-13 INH;
Technoclone, Vienna, Austria).?! According to the manufacturer’s specifications, a titer of >15 U/mL represents a positive anti-FADAMTS-13
autoantibody result (negative, <12 U/mL; and undetermined, 12-15 U/mL). ADAMTS-13 activity >50% corresponded to the lower limit

of normal in our laboratory. Von Willebrand factor activity (eg, VWF:GPIbR or VWF:GPIbM) was not used to monitor caplacizumab. TPE,
therapeutic plasma exchange; TTP, thrombotic thrombocytopenic purpura
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the presence of antiphospholipid antibodies. However, the patient
never met the clinical criterium for antiphospholipid antibody syn-
drome diagnosis (vascular thrombosis).

Twenty-four hours later, baseline ADAMTS-13 activity was 6%, with
anti-ADAMTS-13 antibodies 55 U/mL. On day 5, a clinical response
was achieved, but ADAMTS-13 activity was <20%. Accordingly, daily
TPE was stopped and caplacizumab was continued. After a single peak
at 81% on day 12 (negative anti-ADAMTS-13 antibodies), ADAMTS-13
activity suddenly decreased to 15% on day 15 (anti-ADAMTS-13-
positive antibodies, 12 U/mL). Based on this ADAMTS-13 pattern, rit-
uximab was introduced on day 17 and caplacizumab was continued.

On day 20, a clinical exacerbation was observed (platelet count,
117 x 10%/L, increased LDH [540 U/L], no signs of other causes of
thrombocytopenia including infections, anti-platelet factor 4 anti-
bodies, concomitant medications that may decrease platelet count).
ADAMTS-13 activity was 45%. Daily TPEs were performed until the
second clinical response (day 25). On day 27, the patient achieved a
confirmed ADAMTS-13 remission, discontinuing caplacizumab. On
day 50, the patient remained in ADAMTS-13 remission.

2.3 | Casereport3
In February 2021, a 58-year-old woman was admitted to the cardiology
unit of our hospital because of infection of the pouch of her defibril-
lator, implanted in 2017 due to atrioventricular block. Medical history
included Sjogren syndrome, celiac disease, osteoporosis, and deep vein
thrombosis requiring anticoagulant therapy since 2017. In 2017, she had
also been diagnosed with ITTP and treated with TPE and corticosteroids.
During the hospital stay, a sudden fall in platelet count (69 x 10°/L)
and Coombs-negative hemolytic anemia (Hb, 9.5 g/dL; LDH, 500 U/L;
total bilirubin 1.6 mg/dL; indirect bilirubin, 1 mg/dL) were observed
with normal renal function (creatinine, 0.8 mg/dL) (PLASMIC score,
4) (Figure 1C). Since her pathological history, ADAMTS-13 activity
was immediately tested and confirmed the relapse of ITTP. Daily TPE,
caplacizumab, and corticosteroids were started. On day 5, platelet
count remained low, with increased LDH (524 U/L). Due to refrac-
tory disease, standard-dose weekly rituximab was introduced. On day
10, a clinical response was achieved and daily TPE was discontinued.
Complete ADAMTS-13 remission was achieved on day 15 and con-
firmed on day 20. Consequently, caplacizumab was discontinued on
day 21. On day 30, the patient remained in ADAMTS-13 remission.

3 | DISCUSSION

A weekly evaluation of ADAMTS-13 levels has been recently recom-
mended as standard of care in patients with active ITTP, with the
suggestion that caplacizumab be discontinued once ADAMTS-13 re-
mission is achieved, rather than 30 days after the end of daily TPE.”
Based on postmarketing experience with caplacizumab that observed
no TTP recurrences when the drug was stopped in patients with
ADAMTS-13 activity >10% regardless of the timing of interruption of
daily TPE, the achievement of a stable partial remission (ADAMTS-13

activity >20%) was suggested as the threshold for safe anti-VWF ther-
apy discontinuation.®™*°

At our institution, ADAMTS-13 was performed every 5 days to
ensure a very close monitoring of the disease. This schedule could
be escalated as needed (ie, in case of drop of platelet count). Also,
caplacizumab was cautiously discontinued only once a complete
ADAMTS-13 remission was confirmed in at least two subsequent
evaluations. This allowed an early discontinuation of caplacizumab
(5, 7, and 10 days after cessation of daily TPE), with no disease ex-
acerbations. In patient 2, a single ADAMTS-13 activity >50% (cor-
responding to the lower limit of normal) was followed by acute
ADAMTS-13 relapse. Whether this fluctuation was real or was
caused by laboratory variability is uncertain. Also, the minimum
ADAMTS-13 level and duration above which patients are protected
from relapse is unclear. Regardless, this observation may support the
importance to validate twice ADAMTS-13 remission before making
therapeutic decisions in real life. Also, we observed that the drop in
ADAMTS-13 activity was followed by clinical exacerbation, confirm-
ing ADAMTS-13 as an early biomarker of disease relapse.*™*3

Early rituximab administration, along with TPE, corticosteroids,
and caplacizumab, has been shown to improve prognosis in ITTR41S
The front-line use of rituximab was consequently recommended
(with a very low certainty of evidence) by the ISTH guidelines.®
However, the SARS-CoV-2 pandemic represented a relative con-
traindication to escalated immunosuppression with rituximab that
could cause a more severe COVID-19 syndrome in case of infection.
To avoid unnecessary treatment, at our institution rituximab use
was guided by the kinetics of ADAMTS-13 activity/antibodies rather
than by platelet count (persistently high antibody titer in patient 1;
sudden and severe decline in ADAMTS-13 activity in patient 2; low
ADAMTS-13 activity with refractory ITTP in patient 3).% Notably, the
administration of rituximab in patient 1, while ADAMTS-13 activ-
ity was normal is not part of the standard of care.® However, anti-
ADAMTS-13 antibodies were persistently high and they may play a
pathogenic role, increasing the likelihood of recurrences in presence
of normal ADAMTS-13 activity.}11¢

Also, according to current guidelines, rituximab front-line should
have been considered in patient 3 who presented a relapse of ITTP
with possible additional pathogenetic factors contributing to throm-
bocytopenia, as suggested by a refractory ITTP with 32% ADAMTS-13
activity on day 5 and by the drop in platelet count on day 27. However,
the patient had an active infection and was hospitalized during the
COVID-19 worldwide pandemic. In this case, availability of caplaci-
zumab with timely and prospective monitoring of ADAMTS-13 activity
allowed judicious use of rituximab, that may increase the risk of infec-
tions including COVID-19-related death and complications.?”?°

Finally, a drop in platelet count was observed in all patients soon
after caplacizumab discontinuation, in absence of disease exacerba-
tion/relapse. Whether this phenomenon was related to early caplaci-
zumab discontinuation, with persistence of circulating VWF multimers,
or to other variables, remains to be clarified. Nonetheless, no severe
cases of thrombocytopenia or major bleedings were observed.

Overall, a center treating ITTP patients needs the laboratory fa-
cilities to have an ADAMTS-13 activity assay (and optimally also an



PALANDRI ET AL.

50f5

ADAMTS-13 inhibitor assay, and possibly an anti-ADAMTS-13 auto-
antibody assay by ELISA) within a short time frame, optimally within
24 hours but at least within 3 days.3’13 This will also be needed for
optimally guiding the anti-VWF therapy, currently caplacizumab.
Prospective studies are needed to define the threshold of
ADAMTS-13 activity required for safe discontinuation of caplacizumab.
Despite growing evidence that ADAMTS-13 tailored treatment dura-
tion is safe and effective, this approach still cannot be recommended
in routine practice and standard duration of caplacizumab therapy, ac-
cording to marketing authorization, is still 30 days after the end of TPE.
Overall, these ITTP cases illustrate the value of updated defini-
tions and systematic follow-up of ADAMTS-13 activity/antibodies to

personalize treatment strategy in real-life practice.
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