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Abstract: Thrombotic thrombocytopenic purpura (TTP) is a thrombotic microangiopathy
secondary to a severely decreased A Disintegrin And Metalloprotease with ThromboSpondin
type 1 repeats 13 (ADAMTSI13) activity, resulting in the formation of widespread von
Willebrand factor - and platelet-rich microthrombi. ADAMTS13 deficiency is mainly acquired
through anti-ADAMTS13 autoantibodies in adults. With modern standards of care, unresponsive
TTP has become rarer with a frequency of refractory/relapsing forms dropping from >40% to
<10%. As patients with unresponsive TTP are at increased risk of mortality, prompt recognition
and early therapeutic intensification are mandatory. Therapeutic options at the disposal of
clinicians caring for patients with refractory TTP consist of increased ADAMTS13 supplemen-
tation, increased immunosuppression, and inhibition of von Willebrand factor adhesion to
platelets. In this work, we focus on possible therapies for the management of patients with
unresponsive TTP, and propose an algorithm for the management of these difficult cases.

Keywords: thrombotic thrombocytopenic purpura, refractory, relapsing, rituximab,
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Introduction
Thrombotic thrombocytopenic purpura (TTP) is a thrombotic microangiopathy
in the

microcirculation.” The diagnosis of TMA relies on the association of hemolytic

(TMA), characterized by the spontaneous formation of thrombi

mechanical anemia, peripheral thrombocytopenia and various signs of visceral
ischemia ascribable to microvessel thrombosis. In TTP, a severe ADAMTSI13 (A
Disintegrin And Metalloprotease with ThromboSpondin type 1 repeats 13)
activity deficiency is responsible for an excess of unusually large von
Willebrand factor (vWF) multimers. Under high shear stress conditions asso-
ciated with the microcirculation, these vVWF multimers spontaneously aggregate
with platelets, leading to the different signs of the disease.>> Of note vVWF and
ADAMTSI13 play a key role in various other thrombotic conditions and in
cardiovascular diseases.*”’

ADAMTSI13 deficiency can be secondary to mutations or polymorphisms of the
ADAMTSI13 gene (9934) in hereditary TTP (Upshaw Schulman syndrome, Online
Mendelian Inheritance in Man number, 274150)% or can be acquired through anti-
ADAMTSI13 antibodies in the majority of adult forms (immune TTP).” TTP is
a rare disease with an incidence rate estimated as 1.5—6/million/year, affecting
mostly young women.'®'? It can be a devastating condition, leading to death in

more than 80% of cases if not treated promptly with plasmatherapy.'?
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Modern standards of care for suspected cases of TTP
include therapeutic plasma exchanges (TPE), systemic
corticosteroids, anti-CD20 monoclonal antibody and anti-
vWF domain Al nanobody.'* With this therapeutic sche-
dule, a vast majority of patients will reach TTP remission
and mortality rate is less than 5%.'> However, in some
patients, first line therapy fails and additional treatments
are required in emergency.'® The aim of this review is to
explore current options at the disposal of clinicians faced

with cases of unresponsive TTP in adults.

Challenge |: Recognize Unresponsive

TTP

Refractory TTP was first defined in the 2003 British
Committee for Standards in Haematology guidelines as
cases who fail to reach a platelet rate above 150 G/L
after 7 TPE sessions.'’ In the 2017 consensus on stan-
dardization of terminology on TTP,'® response to ther-
apy was defined as a platelet rate above 150 G/L and
Lactate De Hydrogenase (LDH) level <1.5 the upper
5 TPE
Remission consists of a durable response 30 days after
the end of therapy (at that time, last TPE session). The
2021 consensus introduced several new notions.'® First,

norm of the laboratory after sessions.

clinical response now also requires the absence of signs
of new or progressive signs of ischemic organ injury, in
addition to platelet and LDH rates
Second, it introduces the notion of biological recovery,

improvement.

based on ADAMTSI3 activity normalization, under-
pinned by the fact that TTP patients failing to reach
ADAMTSI13 activity recovery at the end of treatment
are at very high risk of clinical relapse.

DAY 1 DAYS
} ] 1

END OF THERAPY

Unresponsive TTP in this work will, though, include
cases presenting with:

1. Failure to reach clinical response after 5 TPE ses-

sions (non-response or insufficient clinical
response).

2. Occurrence of any new clinical or biological sign of
TMA while in therapy, or within 30 days following
the end of treatment (TPE or -caplacizumab)
(exacerbation).

3. Re-occurrence of TTP after a period of remission

(relapse).

Figure 1 illustrates these definitions, according to the time-
line of the disease.

Challenge 2: Confirm TTP Refractoriness
Ascertain the Diagnosis of TTP
TTP is sometimes a difficult clinical diagnosis to make.*°
First, TTP may be mistaken with other diseases that do
not belong to the TMA syndrome. Examples of such
diseases that may present as TMA and usually do not
respond to standard TTP therapy are provided in Table 1.
TMA syndrome consists of a number of different dis-
eases and TTP is far from being the most frequent (estimated
frequency being 3% of all TMA syndromes).”’ ADAMTS13
activity study is of critical importance to differentiate TTP
from other TMA syndromes with potentially similar clinical
(secondary TMA,
hemolytic uremic syndrome (HUS), shigatoxin associated

presentations complement-mediated

HUS, etc). Laboratory tests should be performed on blood
samples retrieved before the onset of plasmatherapy. This

way, a diagnosis of refractory TTP can readily be excluded if
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Figure | Timeline of acute TTP management with favorable (green) and unfavorable (red) outcomes. Non/insufficient response is defined as failure to reach platelet rate
>|50G/L and/or LDH rate <I.5N and/or occurrence of new/progressive signs of ischemic organ involvement after 5 TPE sessions; Exacerbation is defined as recurrence of
any sign of TTP after a phase of clinical response, up to 30 days after the end of therapy; Remission is defined as clinical response maintained over 30 days after cessation of
therapy; Relapse is defined as the recurrence of any sign of TTP after remission (ADAMTSI3 activity decrease or clinical/biological signs of thrombotic microangiopathy).
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Table 1 TMA Differential Diagnosis

Causes of Cytopenia

Causes of Organ Dysfunction

Evocative Signs

Severe vitamin
B9/BI2

deficiency

Ineffective erythropoiesis
and thrombopoiesis with

intra-medullary destruction

Tissular ischemia secondary to profound anemia,
bleedings secondary to thrombocytopenia, neurological
symptoms secondary to vitamin deficiency

Macrocytosis, unregenerative
anemia, megaloblastosis on bone

marrow smear

Hematological Bone marrow involvement

malignancies/ by multiple myeloma/cancer
metastatic metastasis
cancers Ineffective erythropoiesis
and thrombopoiesis in

myelodysplastic syndrome

Tissular ischemia secondary to profound anemia,
bleedings secondary to thrombocytopenia, organ

involvement of malignancies

Systemic symptoms of cancer,
unregenerative anemia, neoplastic

cells on bone marrow examination

Evans syndrome Erythrocytes and platelets
destruction secondary to

autoantibodies

Tissular ischemia secondary to profound anemia,

bleedings secondary to thrombocytopenia

Positive DAT

Hemophagocytic | Blood cells and precursors

syndrome phagocytosis by activated

macrophages

Cytokine storm, organ involvement of the underlying

cause of hemophagocytic syndrome

Fever, HLH2004 criteria

Abbreviations: DAT, direct antiglobulin test; HLH2004, hemophagocytic lymphohistiocytosis.

patients displayed a detectable activity at onset of therapy

and eventually fail first line therapy.*>*

Search for Confounders

Dissociated clinical and biological evolution is unusual in
TTP patients. In the case of persistent thrombocytopenia
and/or anemia in patients with satisfying clinical evolution
on first-line therapy, clinicians should look for alternate
diagnoses others than refractory TTP. Alternative causes of
persistent or new organ dysfunctions should also system-
atically be sought, especially if hematological involvement
is improving. Examples of confounders are provided in
Table 2.

Nevertheless, clinicians should always keep a high
index of suspicion and if the cause of clinical or biological
degradation is uncertain, patients must be considered as
having refractory TTP and prompt therapeutic intensifica-
tion must be performed.*?

ADAMTSI13 activity control in patients on therapy
may also prove useful, as organ dysfunctions appearing/
persisting in patients with normalized ADAMTS13 activ-
ity are very unlikely to be related to refractory TTP.

Challenge 3: Choose Therapeutic Targets
for Unresponsive TTP

First-Line Treatment

Figure 2 displays the different therapeutic targets available
for the management of TTP.

ADAMTSI3 Supplementation:

Therapeutic Plasma Exchanges
TPE still are the cornerstone of therapy for patients with
acquired TTP. As part of first line therapy they are per-
formed at a volume of 1.5 estimated plasma volume
(EPV), daily, with healthy donor plasma or derived pro-
ducts (ie cryosupernatant) until patients reach clinical
remission.'”*** The main mechanisms of action of TPE
in TTP are thought to be both the administration of mas-
sive amounts of functional ADAMTS13 and the removal
of anti-ADAMTS13 autoantibodies and unusually large
vWF multimers.>> TPE should be preferred to plasma
infusions in patients suspected of having TTP, as they are
associated with a better outcome.”® EPV may be calculated
with the following formula:

EPV = Total Blood Volume (TBV) x (1-Hematocrit)

TBYV is estimated using either Nadler’s formula (based
on gender, height and weight) or Gilcher’s rule of 5 (based
on gender and morphotype).”” With simplifications, EPV
is often considered 40 mL/kg in critical care patients.

Immunomodulation

Steroids

Corticosteroids were the first immunomodulating drugs
used in patients with TTP and they are part of the first
line therapeutic schedule of patients with a suspicion of
acquired TTP since 2003.'72® In one study, the use of
corticosteroids (prednisone 200 mg/d) as standalone
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Table 2 Confounders for TTP Refractoriness

Manifestations Potential Confounders

Proposed Reaction

Lack of
response to first | mediated HUS, Shigatoxin-associated HUS, HELLP

line therapy syndrome, secondary TMA)

Wrong diagnosis: other TMA syndrome (Complement

- Verify ADAMTSI3 study was performed
- Verify appropriate TMA diagnostic workup was performed

Incorrect/sub-optimal first-line therapy

- Verify quality of TPE procedure (substitution fluid = FFP,
adequate venous access, no plasma intolerance, no catheter
site thrombosis, etc)

- Verify type, dosage and timing of immunomodulatory drugs
administration are adequate (as soon as possible after last TPE
session)

- Verify quality of supportive care (blood pressure control,

vitamin supplementation, adequate red cell transfusion, etc)

Dissociated Alternate diagnosis for clinical/biological anomaly:

clinical/biological | - Thrombocytopenia: sepsis, HIT, central, etc

response

delirium, etc

involvement of associated disease, etc

- Anemia: hemorrhage, iron/vitamin B9 deficiency, etc

- Neurological symptoms: citrate overdose, sepsis, ICU

- Renal function impairment: acute tubular necrosis, renal

- Control ADAMTSI 3 activity
- Perform differential diagnosis workup
- Consider patient has refractory TTP until differential

diagnosis is established

Abbreviations: TMA, thrombotic microangiopathy; HUS, hemolytic uremic syndrome; HELLP, hemolysis, elevated liver enzymes, low platelets; TPE, therapeutic plasma
exchange; FFP, fresh frozen plasma; ICU, intensive care unit; HIT, heparin induced thrombocytopenia.

therapy in mild forms of TTP with no sign of neurological
involvement (hematological signs only) induced durable
remission in 52% of cases (28/54).%

Anti-CD20 Monoclonal Antibodies

Anti-CD20 monoclonal antibodies target B-lymphocytes
implicated in the production of anti-ADAMTSI13 autoanti-
bodies in a vast majority of adult patients with acquired
TTP**3! They were developed for the treatment of B-cell
lymphomas and secondarily used in many autoimmune dis-
eases. Most of the literature has described the use of ritux-
imab, a chimeric mouse-human monoclonal anti-CD20
antibody, in these indications.>*** Severe adverse side-
effects include infusional reactions, serum sickness, hypo-
gammaglobulinemia and infections including Hepatitis virus
B reactivations and progressive multifocal leukoencephalo-
pathy (due to JC-BK virus central nervous system infection).
These manifestations were mostly described in patients with
lymphomas receiving cytotoxic polychemotherapy along
with rituximab.** In patients with TTP, rituximab seems to
present a very favorable security profile.*

Anti-CD20 monoclonal antibodies are recommended in
case of refractory or relapsing TTP.*> They are also
increasingly used as part of first-line therapy, during the
first 3 days after diagnosis.'>*®?> The dose varies from
375 mg/m® to 100-1000 mg fixed doses, administered

weekly®® or on days 1-4-8-15°7 considering TPE will
remove a significant part of the monoclonal antibodies.*®

This recommendation is not based on randomized con-
trolled studies but on case-control studies and case series.**’
In TTP, authors have shown rituximab may improve time to
clinical remission,*” improve time to intensive care discharge
and decrease the risk of TTP relapse during the year following
administration.*® There also seems to be a benefit with early
use of rituximab (<3 days after diagnosis) in comparison to
late administration in terms of time to clinical remission.*!

As the efficacy of rituximab is expected around 2 weeks
after the drug’s administration, early rituximab infusions are
now recommended as a first line therapy in TTP, even
before the results of ADAMTS13 studies are known.”® If
rituximab is used as second-line therapy, it is mandatory to
continue first-line therapy (at least daily TPE) and adjunct
fast-acting therapies may also be required. The number of
rituximab injections may be adapted according to B-cell
depletion monitored in blood.*?

Rituximab can also be used in patients that present with
an ADAMTSI13 activity decrease while in clinical remission
of TTP. In this context, rituximab, as a single agent therapy in
patients with no clinical or biological signs of TMA, may
induce ADAMTSI13 activity normalization and prevent pro-
gression to TTP clinical relapse (preemptive treatment).** ¢
In this setting, sub-cutaneous administration is possible.*’
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Figure 2 Pathophysiology, potential therapeutic targets and available therapy for the management of TTP.

Clinicians should be cautious about the apparition of
anti-rituximab antibodies in patients treated with multiple
courses of rituximab. These autoantibodies have been
associated with infusional reactions, serum sickness and
loss of rituximab efficiency.*® Patients who fail or become
intolerant to rituximab may benefit from treatment with
other anti-CD20 antibodies (eg obinutuzumab® or
ofatumumab).>”

VWEF Targeting Agents: Anti-vWF
Domain Al Nanobodies
Caplacizumab is an anti-vWF domain Al nanobody,
impairing the adhesion of vVWF to platelet receptor gp Ib-
IX-V. The therapeutic schedule includes a 10 mg intrave-
nous loading dose administered before a TPE session
followed by subcutaneous 10 mg injections after each
TPE and up to 30 days after the end of plasmatherapy. In
two randomized controlled studies, the addition of capla-
cizumab to standard of care shortened time to clinical
remission in TTP patients.’'> Real world data are also
in favor of caplacizumab's early administration in patients
suspected of having TTP.">* Caplacizumab is approved
for the treatment of acquired TTP*® but the cost-
effectiveness of frontline caplacizumab administration in
all TTP patients remains uncertain.*>> Adverse side
effects consist of hemorrhage, usually non severe.
Caplacizumab may be used in patients with refractory
TTP who did not receive this drug frontline or who present
with relapses after caplacizumab withdrawal.

Due to the mechanism of action of caplacizumab, that
is the inhibition of the early stage of thrombi formation,
this drug should be administered as soon as possible after
the diagnosis of TTP.%® It is a “time buying” or suspensive
therapy that has no effect on anti-ADAMTS13 autoanti-
bodies production, explaining a relatively high rate of
relapses in patients that keep a severely decreased
ADAMTSI3 activity at the end of treatment. In these
patients, intensification of the immunosuppressive regimen
and caplacizumab continuation are recommended until
ADAMTSI13 activity is restored.

Unresponsive TTP Treatment
Therapeutic options for patients with unresponsive TTP
are summarized in Table 3.

First-Line Treatment Adaptation
ADAMTSI 3 Supplementation

In patients that do not respond to daily TPE or clinically
deteriorate while on first line therapy, twice-daily TPE
have been proposed, with a volume of 1 to 1.5 EPV per
12 hours.’®>” This costly and time-consuming procedure
has not been evaluated in controlled studies but may prove
helpful in patients with very severe forms of TTP, high
titles of anti-ADAMTSI13 autoantibodies and in whom
immunosuppressive interventions have not yet reached
their efficacy (during the first days of treatment).
Clinicians must anticipate significant removal of therapeu-
tic drugs with high molecular weights (ie monoclonal
antibodies) and/or important albumin binding in patients
receiving this therapeutic schedule.”
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Table 3 Therapeutic Options Currently Available for Unresponsive TTP Management

Molecule/ Dosage Time to Considerations
Procedure Response
First-line treatment adaptation
High dose steroid 1000 mg prednisone <7 days May be included in first-line therapeutic schedule, | to 3 pulses
pulse equivalent/24h, IV
Twice daily TPE 1-1.5 EPV/12h <7 days | to 7 sessions (time-consuming)
Caplacizumab 10 mg, IV before first TPE <7 days Usually included in first-line therapeutic schedule, duration of treatment 30
then 10 mg/day, SC days after last TPE (and/or tailored by ADAMTSI 3 activity)
Rituximab 375 mg/m? IV weekly for 4 >10 days Fix doses (low or high, 100—1000 mg) may be used, number of injections may
weeks or D1-D4-D8-DI5 be adapted to CD19-B cells count monitoring at day 4 and after, administration
of rituximab should take place immediately after a TPE session, SC route may
be used for preemptive treatment
Second line therapy
Vincristine 1.4 mg/m% maximum dose <7 days Usually | infusion (up to |/week if necessary)
2 mg, IV
Cyclophosphamide | 500-750 mg/m? or 500 mg, IV | >7 days Usually | infusion (up to I/week if necessary)
Bortezomib I-1.3 mg/m?, IV or SC, DI- | <7 days | infusion may be sufficient
D4-D8-D1 |
Splenectomy N/A <7 days Salvage therapy, laparoscopic technique may be preferred
N-acetylcysteine 300 mg/day continuous <7 days Limited clinical evidence in TTP, duration of therapy unknown
infusion, IV
Ciclosporine A 300 mg/day PO or 2-3 mg/ | <7 days Continue treatment after remission
kg/day IV
Azathioprine 100 mg/day PO Unknown | Very limited evidence in TTP
Intravenous 0.4 g/kg/day IV for 2—6 days | <7 days Side effects may mimic TTP manifestations (acute kidney injury, headaches,
Immunoglobulin thrombosis, etc)
Eculizumab 900 mg D1-D8-D15-D22 >7 days Limited evidence in TTP, complement study should be performed to document
then 1200 mg/2—4 weeks potential associated alternate pathway anomalies, if TPE are maintained
eculizumab has to be re-administered after each session

Abbreviations: EPV, estimated plasma volume; TPE, therapeutic plasma exchange; D, day.

Immunomodulation

indications. In TTP, vincristine may also play an inhibitory

As high dose pulses of steroids may be associated with
improved outcomes in comparison with lower doses,®
their use as second-line therapy in unresponsive cases of
TTP may be proposed in patients not already undergoing
treatment with corticosteroids or who received lower doses
of steroids.

Second Line Therapy

Vincristine

Vincristine is a vinca-alcaloid used as anti-cancer che-
in various

motherapy or immunomodulating agents

role on platelets glycoprotein receptors to VWEF.” ?
Patients with refractory TTP may respond to second-
line therapy with 1.4 mg/m? (maximum dose 2 mg) vin-
cristine intravenously. A single injection is usually admi-
nistered, with an efficacy expected in less than a week and
toxicities including cytopenias due to bone marrow deple-

tion and peripheral neuropathy.**>%°

Cyclophosphamide
Cyclophosphamide is an alkylating agent used as anti-
cancer chemotherapy and as an immunosuppressive
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agent. It can be used in patients with refractory TTP with
a single parenteral injection of 500 mg/m? or 750 mg/m?,
with an efficacy expected from one to two weeks after
treatment and toxicities including bone marrow
depletion.®"%* Cyclophosphamide may be particularly
indicated in TTP cases associated with other autoimmune
diseases, like systemic lupus erythematosus and Sicca

syndrome.

Bortezomib

Bortezomib is a proteasome inhibitor approved for the
treatment of multiple myeloma and other plasma cells
disorders.®* It may be a part of refractory TTP therapy at
a dose of 1-1.3 mg/m’ administered intravenously or
subcutaneously, from 1 to 4 times (days 1-4-8-11) depend-
ing on response which can be expected in days following
administration.®*®> Side-effects described in patients with
refractory TTP are peripheral neuropathy, pulmonary and
cardiac toxicities.

Other Immunomodulating Agents

Many other immunomodulating drugs have been tried in
patients with refractory/relapsing TTP, including cyclos-
porine A,%® azathioprine,®’ intravenous polyvalent human
immunoglobulin®® and eculizumab.®®’® Data concerning
these therapies is scant, sometimes contradictory and lim-
ited to case reports or small case series, often pre-dating
the advent of rituximab use.

N-Acetyl Cysteine

In clinical practice, N-acetyl cysteine is principally used as
an antidote for acetaminophen poisoning.”' It has the
capacity to disrupt the di-sulfite bonds linking vWF mono-
mers, to disrupt vVWF domain A1 and display an inhibitory
effect on ADP- and collagen-induced platelet aggregation
in vitro and in animal models.”>’* By these mechanisms,
N-acetylcysteine could reduce the amount of unusually
large vWF multimers found in TTP patients and reduce
vWE-platelets adhesion.”” It can be administered using the
same protocol as in acetaminophen poisoning (continuous
infusion of 300 mg/day), for an indeterminate duration
(usually less than 1 week). Efficacy is expected in the
days following N-acetylcysteine infusion. There is no sig-
nificant side-effect of N-acetylcysteine described in TTP
patients.

Splenectomy

Splenectomy has been proposed to patients with refractory

or relapsing TTP, mainly before the rituximab era.®'’®"’

The presumed mechanisms of action of splenectomy in
TTP are unclear, probably related to the removal of
a major site of anti-ADAMTS13 autoantibodies produc-
tion as well as a major site of platelet consumption. This
procedure usually leads to prompt remission of the disease
but can be difficult to perform in severely thrombocyto-
penic patients. Adverse side effects include surgical com-
plications and thromboembolic disease.”® Due to the risk
of hemorrhagic complications, laparoscopic procedures
should probably be preferred. Prophylactic platelet trans-
fusion should be avoided whenever possible in the context
of unresponsive TTP.”’

Unresponsive TTP: Management

Algorithm Proposal

In our institution, first line therapy for suspected TTP
includes daily TPE, corticosteroids, caplacizumab (despite
doubts about its cost-effectiveness) and early rituximab
administration. With this schedule, we observe a response
rate over 90% and a mortality rate less than 5%.'"
Considering the highly variable clinical presentations and
first-line therapeutic management protocols of acquired TTP
patients, it is difficult to recommend a universal manage-
ment algorithm for refractory forms of the disease. In most
of the literature on refractory TTP, patients receive
multiple second-line therapies, sequentially at best, making
it difficult to draw any conclusions about which drug the
patients ultimately responded to.

Patients with a suspicion of TTP undergo a diagnostic
workup, including ADAMTS13 study, before the onset of
first-line emergency treatment. Frontline therapy includes
TPE (60 mL/kg/day with fresh frozen plasma), corticos-
teroids (1 mg/kg/day prednisone equivalent, administered
after TPE sessions), early rituximab (375 mg/m* adminis-
tered after TPE sessions at day 1 and 4) and caplacizumab
(10 mg/kg IV before first TPE then 10 mg/day SC after
TPE sessions). In cases where patients respond to first-line
treatment, TPE are stopped when platelet rate is measured
above 150 G/L for 2 consecutive days. Corticosteroids are
maintained at the same dose for 3 weeks and then tapered
and stopped on 1 to 2 weeks. If remission of TTP occurs
before day 8, B-cells depletion is monitored in the blood
and patients may skip scheduled rituximab infusions on
days 8 and 15 if CD-20 cells are not detectable anymore.
Caplacizumab is administered for 4 weeks after the last
TPE. Shorter or longer durations of caplacizumab are
discussed on a case by case basis, depending on the results
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of ADAMTS13 activity dosages performed weekly during
that period.

In case of a refractory course of TTP, patients are
thoroughly evaluated for confounding factors. If refractory
TTP cannot be ruled out, second-line therapy is promptly
started. According to our local protocols of care, the
choice of therapeutic intensification depends on the kind
of symptoms revealing refractory TTP.

In patients with persisting biological anomalies only
(thrombocytopenia, hemolysis markers, etc), our local
practice is to add vincristine infusions (1.4 mg/m?, one
single dose) and/or high dose steroid pulses (methyl-
prednisolone 1000 mg/day for 3 days, administered
after TPE sessions) to first-line therapy. In our experi-
ence, this schedule is sufficient to lead most patients to
remission.

Patients with minor clinical events ascribable to TTP
(headaches, brisk reflexes, angina, etc) while on first-line
therapy receive vincristine and/or high dose steroid pulses
and twice-daily TPE for 1 to 3 days depending on symptoms
resolution.

Patients with major clinical events (seizures, coma,
unstable angina, etc) receive vincristine, high dose steroid
pulses, twice-daily TPE and additional immunosuppres-
sive drugs (cyclophosphamide, bortezomib, etc).

| TTP suspicion |
L

‘ Diagnostic workup ‘
i

In patients not responding to all previous therapies,
splenectomy is used as salvage therapy.

Figure 3 illustrates the management of refractory TTP
at our institution.

As TTP is a rare disease and a refractory course even
rarer, management of these cases still relies mostly on
expert clinicians' experience. Patients with refractory
TTP should at least be evaluated by a physician used to
TTP management, and in some cases be transferred to an
expert team.

Future Perspective: Human

Recombinant ADAMTSI3
Human recombinant ADAMTS13 (thADAMTSI13) is not
yet available in routine practice.

A Phase 1 study on rhADAMTSI3 (BAX930) in
patients with congenital TTP demonstrated safety and
a pharmacokinetic profile comparable to fresh frozen
plasma.”® A Phase 3 study on thADAMTSI3 use as pro-
phylaxis or on demand treatment in patients with conge-
nital TTP is ongoing (NCT03393975).

There is limited data suggesting the efficacy of
rhADAMTS13 in acquired TTP, the mechanism of action
being an overriding of anti-ADAMTS13 autoantibodies
(ex-vivo and animal model).”’

First line therapy
TPE 1,5 EPV/day with FFP
Corticosteroids 1 mg/kg/day
Caplacizumab 10 mg/day
Early Rituximab 375 mg/m? D1-4-7+/-10

)
‘ Refractory course ‘
i

3 )
ADAMTS13 activity [ Clinical relapse
decrease <20%

TPE withdrawal

\ Search for confounders ‘

)

Corticosteroid tappering 1

ADAMTS13 activity-tailored
caplacizumab duration
CD20 lymphocytes-tailored
rituximab number of
infusions

Clinical event

TPE/vincristine

Salvage therapy

Biological anomalies only
Vincristine +/- High dose steroid pulses

High dose steroid pulses +/- twice daily
Catastrophic clinical events
High dose steroid pulses + twice daily TPE

+/- vincristine/cyclophosphamide/...

Previous + splenectomy

Pre-emptive Rituximab |

Figure 3 Unresponsive TTP management algorithm.
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A Phase 2 study aiming at determining the potential
role of thADAMTSI13 (SHP655) in addition to the stan-
dard of care in patients with acquired TTP is also ongoing
(NCT03922308).

Conclusion

With modern standards of care, including TPE, corticoster-
oids, rituximab and caplacizumab, the mortality of acquired
TTP has dropped from 10-20% to less than 5% and refrac-
tory/relapsing course from over 40% to less than 5%. As TTP
is arare disease, there will probably never be high quality data
concerning the optimal management of these difficult cases.
The algorithm for therapeutic escalation in unresponsive
forms will ultimately depend on expert opinions and each
center experience/preference. New therapeutic options, such
as recombinant human ADAMTS13 (NCT03922308) and
anfibatide (NCT04021173), are under evaluation and may
hopefully lead to the disappearance of unresponsive TTP.
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