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(Abstract

Acquired Thrombotic Thrombocytopenic Purpura (TTP) is a hematologic emergency characterized by auto-antibody mediated
inhibition or clearance of ADAMTS13, a von Willebrand Factor (vWF) cleaving metalloprotease, thrombocytopenia, micro-
vascular thrombosis, and hemolytic anemia. The primary treatment of TTP is therapeutic plasma exchange with human plasma
transfusion, a procedure known as PLEX. Caplacizumab, an immunoglobulin fragment that inhibits vWF and platelet inter-
action, has been shown to improve outcomes when used in conjunction with PLEX and immunosuppression. For Jehovah’s
Witness patients who do not accept plasma transfusion, optimal treatment is uncertain. We present a case of TTP successfully
treated with delayed caplacizumab without plasma transfusion. Our patient’s experience provides evidence that caplacizumab
with immunosuppression even in the absence of PLEX may be a feasible alternative for treatment of TTP in patients who are
unwilling or unable to accept plasma transfusion. Our case also provides evidence for use of caplacizumab as a step-up therapy
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@ patients who fail initial treatment with therapeutic plasma exchange. )
Introduction PLEX treatments, and had shorter hospital stay [6]. In addi-

Acquired Thrombotic Thrombocytopenic Purpura (TTP) is a
Thrombotic Microangiopathy (TMA) characterized by auto-
antibody mediated inhibition of von Willebrand Factor (VWF)
cleaving metalloprotease ADAMTS13. Lack of ADAMTSI13
activity results in unrestrained platelet and vWF aggregation,
platelet consumption, hemolytic anemia, and microvascular
thrombosis [1]. The consequential tissue ischemia and infarc-
tion can result in multisystem organ failure, neurologic dam-
age, and death. If untreated, mortality rate from TTP is >90%
[2].

Therapeutic plasma exchange with human plasma transfu-
sion, a procedure known as PLEX, is the principal treatment
of TTP since clinical trials demonstrated its effectiveness [3].
Plasma exchange rapidly removes auto-antibodies and vVWF
multimers and plasma transfusion replenishes ADAMTS13
activity, restoring coagulation homeostasis [3,4]. Definitive
control of TTP is accomplished with immunosuppression over
the course of weeks [1,5]. Caplacizumab (Cablivi®, Ablynx,
N.V. Belgium), a bi-valent immunoglobulin fragment that
inhibits platelet GP Ib-IX-V receptor and vWF interaction,
has recently been shown to be a beneficial adjunctive medica-
tion to PLEX and immunosuppression for treatment of TTP.
In clinical trial, patients treated with caplacizumab had more
rapid platelet recovery, lower incidence of TTP related death
or thrombosis, lower recurrence rate of TTP, underwent fewer

tion, patients had a 38% reduction in time to normalization of
markers of end organ damage including LDH, serum creati-
nine, and troponin [7].

Treatment of TTP in Jehovah’s Witness followers poses a
unique challenge. The Jehovah’s Witness religious doctrine
rejects transfusion of human whole blood and its products, pre-
cluding the use of PLEX [8]. Infusion of albumin or purified
proteins is not strictly prohibited, and some patients may ac-
cept them. Here, we report successful management of a Jeho-
vah’s Witness patient treated with caplacizumab without PLEX
for treatment of TTP.

Case Presentation

A 25 years old woman, who is a Jehovah’s Witness, presented
with complaints of dark urine. She was otherwise asymptom-
atic without fevers, dysuria, abdominal pain, nausea, vomiting,
confusion, headaches, weakness, or fatigue. At presentation
she was normotensive, afebrile, and pulse rate was 90 bpm.
Her physical examination showed petechiae but was unre-
markable without evidence of pallor, jaundice, scleral icterus,
hepatosplenomegaly, bruising, or costovertebral angle tender-
ness. She had medical history of TTP diagnosed three years
previously that had been treated successfully.

Urine analysis revealed hematuria without erythrocytes, leu-
kocytes, or casts. Urine culture did not have evidence of in-
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fection. Laboratory studies showed white blood cell count
9.13 x 103/uL with normal differential, hemoglobin 13.8 mg/
dL, platelet count 41 x 103/pL, creatinine 1.5 mg/dL, lactate
dehydrogenase 1021 U/L (>4 times upper limit of normal),
and undetectable haptoglobin (<8 mg/dL). Four days prior to
presentation, platelet count was 230 x 103/uL and creatinine
0.7 mg/dL. Total and conjugated bilirubin, alanine transferase,
aspartate aminotransferase was within normal limits. Periph-
eral blood smear revealed schistocytes and absent platelets.
Activated partial thromboplastin time (aPTT), prothrombin
time (PT), and fibrinogen were within normal limits. Screen-
ing tests for HIV and Hepatitis C were negative. ADAMTS13
activity was undetectable (<3%) with functional inhibitor >32
Bethesda Units (BU), confirming relapsed TTP.
PLEX was recommended, but the patient declined plasma
transfusion. She did accept cryoprecipitate and albumin. Daily
plasma exchange with albumin replacement (1:1 plasma vol-
ume) was commenced and she completed five treatments.
Cryoprecipitate was transfused twice to keep fibrinogen >100.
In addition, erythropoietin and folic acid were started for bone
marrow stimulation. Immunosuppression was administered
consisting of methylprednisone 1000mg daily (Days 1-3),
rituximab 375 mg/m2 (Day 1), and vincristine 2mg (Day 3).
Methylprednisone was decreased to prednisone 1mg/kg start-
ing Day 4 and was subsequently tapered over the course of
eight weeks. Rituximab was given weekly for four cycles, and
vincristine was given weekly for four cycles. Her creatinine
normalized to 0.8 mg/dL but she continued to have progressive
thrombocytopenia with platelet count 7 x 103/uL and anemia
with Hgb 7.7 mg/dL on Day 4. Her LDH trended downwards
but remained slightly elevated and she continued to have unde-
tectable haptoglobin, indicative of ongoing hemolysis.
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Caplacizumab 10mg daily was added on Day 5 and continued
for 30 days. The first dose was given intravenously, and sub-
sequent doses were given subcutaneously, per manufacturer’s
recommendations. Within 24 hours of first caplacizumab dose,
platelet count increased to 21 x 103/uL, haptoglobin normal-
ized to 43 mg/dL, and LDH normalized (177 U/L) indicating
improvement in hemolysis. Platelet count normalized by Day
7 and hemoglobin began improving by Day 10, though did
not normalize until completion of immunosuppression. AD-
AMTSI13 activity remained low (<10%) with functional in-
hibitor titer present (although reduced 0.5 BU) on Day 6. The
patient was discharged from the hospital on Day 10.

She was followed closely in the outpatient setting for two
months. ADAMTS13 activity was restored and inhibitor sup-
pressed by Day 35. On Day 59 follow up, ADAMTS 13 re-
mained normal without inhibitor, consistent with remission.
She experienced mild epistaxis while taking caplacizumab
which was treated with oral tranexamic acid. Epistaxis coordi-
nated with low vWF activity (10%) with normal vWF antigen
(84%) and improved after discontinuation of drug (vWF activ-
ity 130% on Day 59) (Figure 1).

Discussion

There are no guidelines for the management of TTP without
plasma transfusion and the optimal strategy is not known. Ten
cases of TTP in Jehovah’s Witness patients managed success-
fully without plasma transfusion are described in the literature
(9-18) (Supplemental Table 1). However, we suspect that there
are many cases with poor outcomes that are not reported, as the
mortality for TTP prior to PLEX was high.

In all ten cases, long term control was achieved with immuno-
suppression utilizing a combination of corticosteroids, ritux-
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Figure 1: Treatment of Relapsed (TTP) in a Jehovah's Witness Patient. The clinical course of a 25 year old patient with relapsed
TTP treated without plasma transfusion is shown. The patient was treated with an initial combination of plasma exchange with
albumin replacement (PP), caplacizumab, and immunosuppression with corticosteroids, rituximab (R), and vincristine (V). She

achieved remission with recovery of ADAMTS13 by Day 35.
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Supplementary Table 1: Previous case reports of TTP in Jehovah's Witness patients managed without therapeutic plasma exchange
with plasma infusion (PLEX)

Author Year | Plasma Exchange Replace- | Immunosuppression Adjunctive and Supportive Therapy
ment Infusion
Drummond | 2000 | Gelatin based plasma substitute | Corticosteroids
(Gelofusine®) Prostacyclin
Dabak 2007 | Not done Corticosteroids
Vincristine
Walia 2011 | Not done Corticosteroids Aminocaproic acid
Vincristine Erythropoietin
Chai 2015 | Albumin Corticosteroids
Vincristine
IVIg
Rituximab
Kirti 2015 | Not done IVIg
Rituximab
Cyclophosphamide
Sam 2017 | Albumin Corticosteroids Folic Acid
IVIig Erythropoietin
Rituximab Pegylated bovine carboxyhemoglobin
(Sanguinate®)
George 2017 | Albumin Corticosteroids Erythropoietin
IVIg Intravenous iron
Rituximab Koate-DVI®
Lim 2019 | Albumin and cryoprecipitate Corticosteroids Folic Acid
IVIg Erythropoietin
Rituximab Intravenous iron
Koate-DVI®
Chander 2019 | Not done Corticosteroids Caplacizumab
Rituximab Koate-DVI®
Baseri 2019 | Albumin and cryoprecipitate Corticosteroids Koate-DVI®
Rituximab
Bortezomib
N-acetylcysteine

imab, and/or chemotherapy though emergent therapy varied
[9-18]. Six cases report use of therapeutic plasma exchange
with alternative protein replacement [9,11,13,15,16,18]. Re-
cently, Chander et al. were the first to describe effective TTP
treatment in a patient with caplacizumab for 30 days and im-
munosuppression without PLEX or plasma infusion. Their
patient had clinical improvement within 24 hours of capla-
cizumab administration and normalization of platelet count
within three days. On follow up several weeks later, the patient
remained in remission [17].

To our knowledge, our patient’s experience is only the second
case to report use of caplacizumab without PLEX for success-
ful treatment of TTP. In our patient’s experience, treatment
with caplacizumab on Day 5 without therapeutic plasma ex-
change or plasma transfusion resulted in clinical improvement
of TMA with normalization of platelet count and markers of
end organ damage (LDH) within three days of administration.
These results are similar to those noted by Chander et al. and in
the HERCULES study, in which the 75th percentile for platelet
normalization was 2.95 days (95% CI 2.85-3.91) and median

time to normalization of organ damage markers was 2.86 days
(95% CI 1.93-3.86) with PLEX and caplacizumab [6]. Our
patient’s ADAMTSI13 activity remained undetectable after
starting caplacizumab, despite improvement in thrombocyto-
penia, hemolysis, and end organ damage. At the same time,
vWF antigen with high molecular weight multimers were still
detectable though vWF activity was low. These data suggest
that caplacizumab, independent of ADAMTSI13 activity, was
effective in preventing platelet and vWF adhesion and thus mi-
crovascular thrombosis.

This experience also demonstrates that caplacizumab alone is
not sufficient treatment for TTP, but rather a supportive mea-
sure until immunosuppression can take full effect. Rituximab
has been studied in front line therapy and is used by many
physicians to treat acute TTP. It’s benefit has been reported
in several cases of Jehovah’s witness patients and in two pro-
spective cohort studies and one retrospective registry study in
combination with PLEX and corticosteroids [5,19]. In these
studies, remission from TTP has been reported to occur within
14-21 days. In addition, reduced risk for relapse is noted with
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rituximab use [5,19]. Vincristine, a microtubule inhibitor with-
out megakaryocyte activity, has been noted to have variable
efficacy in observational series in both the relapsed and acute
setting (20, 21), with combination vincristine and corticoste-
roids reporting 50-100% response rates. Vincristine use is also
reported with success in Jehovah’s Witness patients with TTP
[9,10,12]. In our patient’s case, corticosteroids, rituximab, and
vincristine were all safely administered concurrently and re-
sulted in eradication of the ADAMTSI13 functional inhibitor
with restoration of ADAMTS13 activity by Day 30. It is pos-
sible that the patient achieved remission prior to Day 30 as she
clinically improved, but we did not check data prior to Day 30
as it would not alter our management plan.

Despite favorable outcome, our patient’s case highlights chal-
lenges with caplacizumab treatment. The major barrier to ca-
placizumab use is cost and lack of widespread availability of
the drug. At the time of this publication, caplacizumab cost is
around US$8000 per dose [22]. With treatment regimens of 30
days and relative rarity of TTP, the drug may not be stocked in
many hospitals and may require insurance approval prior to use,
which could delay treatment. For patients who present with ag-
gressive disease with end organ damage, high LDH, and high
functional inhibitor titer, waiting for drug procurement to start
therapy may not be feasible. There are case reports of caplaci-
zumab used as step-up therapy based on ADAMTSI13 activity
for those failing standard treatment, but no “real-world” cohort
or clinical trial data currently exists regarding this approach or
delayed treatment [23].

In our patient’s case, caplacizumab was not available for emer-
gent administration and took five days to procure. She present-
ed with renal failure, high LDH, as well as high inhibitor titer
suggesting aggressive disease. Studies show that one volume
of plasmapheresis removes approximately 45% of circulatory
IgG and three to five days of plasmapheresis can remove up to
90% of circulating IgG [4]. We employed therapeutic plasma
exchange with albumin replacement in addition to immuno-
suppression to reduce vVWF multimers and circulating antibod-
ies. With this approach, functional inhibitor titer decreased,
but did not resolve and ADAMTSI13 activity remained low
(<10%). This phenomenon likely resulted from a combination
of removal of autoantibody without replenishment of exoge-
nous ADAMTS13 from lack of plasma transfusion in addition
to ongoing inhibition of endogenous ADAMTS13 by a strong
inhibitor. Markers of hemolysis did not change dramatically in
our patient’s case by the last day of plasma exchange, though
reduced LDH and improvement in renal function was noted.
We believe that while our patient did not experience significant
clinical improvement without PLEX, progressive organ dys-
function was likely prevented until caplacizumab was added.
In summary, our case provides additional evidence that capla-
cizumab with immunosuppression with rituximab, corticoste-
roids, and vincristine may be a feasible alternative for treat-
ment of TTP without PLEX. This approach could be useful
for treatment of patients who are unwilling or unable to accept
plasma transfusion but also could also prevent the complica-
tions of PLEX including central line placement, infusion reac-
tions, anaphylaxis, and risk for hypocalcemia. A clinical trial
to evaluate use of caplacizumab and immunosuppression with-
out plasma exchange would provide data on the safety and effi-
cacy of this approach. In addition, our case also provides sup-
port for the use of plasma exchange with albumin in patients
who cannot get plasma transfusions for emergent management,

and also provides additional support for use of caplacizumab as
delayed or step-up therapy.

Patient Perspective

As a patient who does not accept blood, finding out I had TTP
was terrifying. When I relapsed, the reality hit that this is some-
thing I will have to deal with for the rest of my life. It's scary
that my physical symptoms are minimal and only appear when
the TTP has already progressed to a life-threatening point.
However, having an amazing medical medical team that was
knowledgeable about TTP was vital to my survival. By getting
my ADAMTSI13 checked, a relapse was able to be detected.
Although it was caught too late, knowing that getting my AD-
AMTS13 levels checked on a regular basis gives me peace of
mind that a relapse can be detected in the future.

Since I relapsed, finding out that there was a new medication
(Cablivi®) that was a bloodless option was exciting. The Ca-
blivi® helped my platelets increase much faster than when I
had TTP the first time. The side effects were minimal and went
away when I finished the medication. Although there are a lot
of treatments I have to receive and have some side effects from
them, I feel confident that I could successfully overcome an-

other relapse using bloodless options that respect my religious
beliefs.
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