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Foreword
These guidelines honor the memories of Ms. Lauren Chapman Ruiz and Dr. J. Evan Sadler who
were both part of the Guideline Panel and attended the first meeting June 21-22, 2018. Ms.
Chapman Ruiz served as a patient representative and Dr. Sadler as co-chair.

Lauren Chapman Ruiz, M.Des. was a Senior User Experience Designer at John Muir Health in
the California Bay Area. She was an adjunct faculty member at the Jacobs Institute for Design
Innovation at University of California Berkeley and was a founding faculty member of the IxD
Master of Design program at California College of the Arts. Ms. Chapman Ruiz was passionate
about teaching and design. She volunteered her design skills for the Answering TTP foundation,
as well as provided support to other TTP patients and input to develop educational resources.
Ms. Chapman Ruiz was diagnosed with TTP in early adulthood and died from complications of
TTP during pregnancy on September 29, 2018. Ms. Chapman Ruiz is survived by her husband,
Miguel and her two daughters, Elizabeth and Samantha.

J. Evan Sadler, M.D., Ph.D. was the Ira M. Lang Professor of Medicine and the Director of the
Division of Hematology at Washington University School of Medicine in St. Louis. He was a worldrenowned physician scientist who pioneered the study of several blood coagulation factors. Dr.
Sadler made groundbreaking contributions in the molecular, genetic, and biochemical
characterization of von Willebrand factor and ADAMTS13, two proteins associated with bleeding
and clotting disorders. His complementary studies of ADAMTS13 structure and function are
important for our understanding of the pathophysiology of TTP. Dr. Sadler is survived by his wife,
Linda, daughter, Brooke, son, Evan, and grandsons, Jasper and Dexter.
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Section 1: Overview
1.1 About ISTH
These guidelines were funded by the International Society for Thrombosis and Haemostasis
(ISTH). ISTH is a global not-for-profit organization of medical professionals specializing in the
field of blood coagulation and its disorders. It is the leading thrombosis- and haemostasis-related
professional organization in the world with more than 4,000 members in 94 countries.

ISTH is dedicated to advancing the understanding, prevention, diagnosis, and treatment of
conditions related to thrombosis and haemostasis. The society promotes education and outreach
initiatives, development of young professionals, and education of physicians, scientists, nurses,
and allied health professionals.

1.2 About TTP
Thrombotic thrombocytopenic purpura (TTP) is a rare but potentially fatal blood disorder. It occurs
in 1.5-10 per million individuals.

1, 2

TTP may result from hereditary deficiency of plasma

ADAMTS13 activity due to mutations in ADAMTS13 (hereditary TTP)3-5 or more commonly from
acquired autoantibodies that inhibit plasma ADAMTS13 activity, termed immune TTP (iTTP). 6-8
Over 95% of TTP cases are iTTP, while hereditary TTP, an autosomal recessive condition,
accounts for less than 5%.In some groups, such as young children and pregnant women
hereditary TTP may account for up to 25% of all TTP cases.9 Patients with TTP present with
thrombocytopenia, microangiopathic hemolytic anemia, and various degrees of organ damage.1012

These signs and symptoms largely overlap with another thrombotic microangiopathy (TMA) -

hemolytic uremic syndrome (HUS)13 - which includes shigatoxin-associated HUS 14-17 and atypical
HUS ( or aHUS).18-20 The distinction between TTP and HUS relies on the test of plasma
ADAMTS13 activity.8 When plasma ADAMTS13 activity is less than 10 IU/dL (often referred to as
10% of normal ADAMTS13 activity), the diagnosis of TTP is more likely; when plasma ADAMTS13
activity is greater than 10 IU/dL the diagnosis of HUS should be considered after excluding other
secondary causes of TMA.7, 8, 21, 22 The distinction between TTP and HUS is crucial for initiation
of an appropriate therapeutic strategy.
Plasma infusion23,

24

and therapeutic plasma exchange (TPE)10,

11, 25

have long been the

cornerstone of care for patients with hereditary TTP and iTTP, respectively. Patients with iTTP
4
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often receive corticosteroids and/or other immunosuppressive therapies, including vincristine26,
27

, rituximab28-32, cyclophosphamide,25, 28 and cyclosporine,33-36 and more recently an anti-VWF

nanobody, caplacizumab.37, 38. With appropriate therapies, mortality in patients with acute iTTP
has been dramatically reduced from 80-90% to less than 5-20%.

2, 10, 39, 40 37

However, many

patients who survive the acute episode may experience a recurrent drop in platelet count within
one month after discontinuation of TPE (termed exacerbation) and/or beyond the first month after
last TPE (termed relapse).39 The approaches to diagnosis and management of TTP vary
significantly across settings, counties and institutions.

1.3 About the need for a guideline on TTP
TTP is a life-threatening blood clotting disorder that has considerable morbidity and mortality in
the acute phase. In both hereditary and immune forms, TTP also affects patients’ quality of life
over the long term owing to exacerbations, relapses, and sustained neurocognitive defects.39,69,70
Despite recent advances in diagnosis and treatment, TTP continues to present a serious
challenge to health care providers and patients. There is limited and heterogenous evidence on
how to best make an early diagnosis, differentiate it from other forms of TMA, and how to manage
the disease in the acute episode and during remission. Because of its rarity, most healthcare
providers have very limited experience with managing TTP. Furthermore, there appears to be
large variation in practice among experts who manage these patients frequently.

To date, two guidance documents have addressed the diagnosis and management of TTP. In
2012, the British Committee for Standards in Haematology sponsored a guideline on the
diagnosis and management of TTP and other TMAs41. The guideline panel comprised UK‐based
physicians with expertise in TTP. The evidence informing the guideline was acquired through a
systematic search of Medline and EMBASE, and the recommendations were based on
consensus, as well as input from the Haemostasis and Thrombosis Task Force of the BCSH and
selected experts. The recommendations were categorized by levels and grades of evidence,
using an alphanumeric system. In 2017, the TTP group of Japan’s Blood Coagulation
Abnormalities Research Team produced national diagnostic and treatment guidelines for TTP.42
Like the British guidelines, the Japanese guidelines were created by a panel of physicians with
TTP expertise. Recommendations were based on consensus and quality of evidence was ranked
using an alphanumeric system.

5

ISTH Guideline for the Diagnosis and Management of Thrombotic Thrombocytopenic Purpura
Since the publication of these guidelines, there have been significant developments in the
diagnosis and treatment of TTP, and an increase in published data on how management
strategies affect objective health outcomes. The ISTH identified the need for a current, evidencebased TTP guideline that adhered to the rigorous methodologic standards set by the Health and
Medicine Division (HMD) of the National Academies of Sciences, Engineering, and Medicine
(formerly called the Institute of Medicine), the Guidelines International Network, and the ECRI
Guidelines Trust. These guidelines are aimed at health care providers and policy makers but
maintains a focus on the values and priorities of patients. To capture the patient voice, the
guideline incorporates patient consultation and includes patients with TTP on the guideline panel.

1.4 About Guidelines
Clinical decision making is complex, particularly in the context of rare, life-threatening diseases
like TTP. Clinical practice guidelines summarize existing evidence for clinical outcomes, use clear
criteria to establish confidence in effect estimates, consider many factors that affect decisions
(including patient values, economic factors, and equity), include a rigorous and transparent
management of conflicts of interest, and make clear and transparent recommendations for the
diagnosis and treatment of TTP.

Systematically created guidelines that use an explicit approach maximize the likelihood that
recommendations are transparent and implementable. Rigorous guidelines also allow
policymakers to allocate resources to treatment and diagnostic strategies that have real value.
The ISTH TTP Guideline uses the Grading of Recommendations Assessment Development and
Evaluation (GRADE) system to present the summaries of evidence in a structured way, which
transparently describes how the Guideline Panel used this evidence to make the
recommendations.
Creating guidelines for rare diseases like TTP can be challenging.43 The body of evidence in rare
diseases is often slim and inconsistent, and rarely includes high certainty evidence (e.g.,
randomized controlled trials). Studies may not address outcomes important to patients. Lowcertainty evidence usually leads to conditional recommendations. Thus, guideline developers may
be unable to generate strong recommendations for diagnosis and/or treatment strategies in rare
diseases. However, well-developed clinical practice guidelines are vital in rare diseases; these
conditions are, by their nature, encountered very infrequently by individual clinicians, who may
feel unprepared to address their diagnosis and treatment. Well-synthesized evidence and clear
6
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recommendations play an important role in supporting clinical decision making. Systematically
created guidelines can also highlight areas where evidence is uncertain, clinical judgement is
required, and future research in the area is warranted.

7

ISTH Guideline for the Diagnosis and Management of Thrombotic Thrombocytopenic Purpura

Section 2: Executive Summary of Recommendations
2.1. How to use these guidelines

These guidelines apply to adults diagnosed with thrombotic thrombocytopenic purpura (acquired
or hereditary forms) and covers care during acute events and while in remission. It also applies
to diagnostic management of patients with thrombotic microangiopathy that is suspected to be
TTP.

The target audience of these guidelines is health care providers involved in the diagnosis and
management of TTP, including but not limited to, emergency/critical care physicians,
hematologists, nephrologists, neurologists, transfusion medicine specialists, and hospitalists.
These guidelines do not explicitly cover management of pediatric TTP patients and was informed
primarily by studies in adult populations. Application of these recommendations to pediatric
populations should be done with caution.

No guideline can account for the unique features of patients and their clinical circumstances, and
these guidelines are not meant to replace clinical judgement.

2.2. Interpretation of strength of the recommendations

The strength of a recommendation is expressed as either strong ("the guideline panel
recommends...") or conditional ("the guideline panel suggests…").

A strong recommendation means that the Panel is confident that the desirable effects of following
the recommendation outweigh the undesirable effects. Most patients would accept the
recommended course of action, while only a small proportion would not. Most clinicians should
follow the recommended course of action, and the recommendation can be adopted as a policy
in most situations. Strong recommendations are usually based on high quality evidence in which
we have high confidence. However, in some cases, strong recommendations are issued in the
absence of high certainty evidence;44 in these instances, the reasoning behind the Panel’s
decision is clearly laid out.

8
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A conditional recommendation means that the Panel believes that the desirable effects of
following the recommendation probably outweigh the undesirable effects. Most patients would
accept the suggested course of action, but many would not. Decision aids might be useful in
helping patients make this decision in a way that is consistent with their values and preferences.
Clinicians should note that different choices will be appropriate for different patients. Policy
making around conditional recommendations will require substantial debate and engagement of
a wide range of stakeholders.

For each recommendation, a report of the systematic review of the literature, an evidence profile
summarizing the evidence appraisal, and a comprehensive Evidence to Decision (ETD) Table are
available in Section 7.
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2.3. Recommendations

Recommendation 1. For patients with iTTP experiencing a first acute event, the Panel
recommends the addition of corticosteroids to therapeutic plasma exchange (TPE) over
TPE alone. (A strong recommendation in the context of very low certainty evidence)

The Panel makes a strong recommendation, despite the very low certainty evidence, because
the recommended intervention may moderately reduce mortality in a life-threatening situation,
while the adverse events of using corticosteroids over the short term are not severe. The Panel
placed a high value on the uncertain but potentially life-saving benefit of adding corticosteroids.
The Panel also felt that the small incremental cost and resource use of corticosteroids, relative to
the potential benefit, justified adding it to TPE in the treatment of the first acute event of iTTP.
Overall, the quality of evidence is very low, supported by only small studies with heterogenous
populations and interventions.

The Panel is unable to make a more detailed recommendation on a preferred dose and type of
corticosteroids. Given the known cardiac, endocrine and neuropsychiatric adverse effects of
corticosteroids, the Panel felt that they should be used cautiously in populations that may be
particularly susceptible to adverse effects, including individuals with hypertension, diabetes,
psychiatric comorbidities, and advanced age.

Recommendation 2. For patients with iTTP experiencing a first acute event, the Panel
suggests the addition of rituximab to corticosteroids and TPE over corticosteroids and
TPE alone. (A conditional recommendation in the context of very low certainty evidence)

The data informing this recommendation are non-randomized; this raises the concern of selection
bias, where patients receiving rituximab may have had a more severe disease. This bias would
have indeed blunted the beneficial effects of adding rituximab to corticosteroids and TPE. The
panel noted that the primary effect of rituximab appeared to be on preventing relapse; however,
many patients with iTTP did not relapse, regardless of the initial treatment regimen. Given the
very low certainty evidence, the fairly narrow range of outcomes affected by rituximab, as well as
issues of drug cost, and the acceptability of adding another parenteral therapy to the initial
therapeutic regimen, the Panel chose to make a conditional recommendation for rituximab.
10
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Practitioners may consider its use more strongly for patients with known comorbid autoimmune
disorders, albeit in the presence of scant supportive evidence.

Recommendation 3. For patients with iTTP experiencing a relapse, the Panel recommends
the addition of corticosteroids to TPE over TPE alone. (A strong recommendation in the
context of very low certainty evidence)

The Panel makes a strong recommendation despite very low certainty evidence, because the
recommended intervention may moderately reduce mortality in a life-threatening situation, and its
adverse events are not prohibitive over the short term. The Panel placed a high value on the
uncertain yet potentially life-saving benefits of adding corticosteroids. This recommendation was
largely informed by indirect evidence on the effects of corticosteroids in the setting of the
first acute iTTP event. There is little evidence (often single arm and registry data) exclusively for
the treatment of iTTP relapses.

The panel considered that the prognosis and severity of a relapsed episode may be different from
the first episode. The panel also considered the adverse effects associated with multiple courses
of high dose corticosteroids. Pulse corticosteroids used repeatedly (even in a short duration) are
associated with serious morbidities. Patients may be less willing to tolerate adverse drug effects
with each of subsequent relapses. Notwithstanding these factors, the panel still felt that, given
the high mortality rate associated with relapse, the small incremental cost of corticosteroids
relative to the potential benefit justified their addition to TPE in the management of an episode of
iTTP relapse. The panel also emphasized that corticosteroid-sparing ancillary therapy (e.g., the
use of rituximab) may be more acceptable to patients after the first acute event. However, this
recommendation remains relevant since not all patients in all jurisdictions are able to access these
ancillary therapies.

The Panel was again unable to make a more detailed recommendation on a preferred dose and
type of corticosteroids. Given the known cardiac, endocrine and neuropsychiatric adverse effects
of corticosteroids, the Panel felt that they should be used cautiously in a population that may be
particularly susceptible to adverse effects, including individuals with hypertension, diabetes,
psychiatric comorbidities, and advanced age.
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Recommendation 4. For patients with iTTP experiencing a relapse, the Panel suggests the
addition of rituximab to corticosteroids and TPE over steroids and TPE alone. (A
conditional recommendation in the context of very low certainty evidence)

The data informing this recommendation are sparse and of very low certainty. However, the panel
noted that indirect data from the use of rituximab in addition to corticosteroids and TPE in
individuals with the first acute event of iTTP suggest that rituximab use appears to have a
beneficial effect in preventing relapse. Moreover, they noticed that the risk of a subsequent
relapse appears to be higher in patients who have previously relapsed. The Panel thus chose to
make a conditional recommendation for the use of rituximab. Though there is little subgroup
evidence available, practitioners may more strongly consider adding rituximab to corticosteroids
and TPE in iTTP patients with known comorbid autoimmune disorders, owing to its known effect
of B cell depletion.

Recommendation 5. For patients with iTTP experiencing an acute event (first event or
relapse) the panel suggests using caplacizumab over not using caplacizumab.

(A

conditional recommendation in the context of moderate certainty evidence)

The data informing this recommendation are of moderate certainty (there were two published
randomized controlled trials, one of which was double-blinded). Data were not available to
differentiate caplacizumab’s effect on first and relapsed events, so these patients were considered
together. The Panel noted that the mortality rate was low in both the control and caplacizumab
arms in these two randomized controlled trials. This may not be reflective of the true mortality
rates in other TTP studies, suggesting either selection bias or that the patients in these trials may
have had less severe disease. Patients receiving caplacizumab had a clinically and statistically
significant reduction in exacerbation. However, patients also had a clinically and statistically
significant increase in relapse at 12 months, suggesting that the drug may stave off relapse, but
when it is stopped, patients experience relapses resulting from unresolved deficiency of plasma
ADAMTS13 activity and persistent inhibitors. The Panel also noted that patients on caplacizumab
experienced clinically important bleeding side effects. At the time of panel deliberations, specific
information on cost was not available. However, availability and cost of this drug were cited as
concerns, although its acceptability would likely be reasonable as it can be administered
subcutaneously in an outpatient or home setting via self-injection. The Panel also believed that
the greatest benefit of caplacizumab was accrued if it was started in the early phase of an acute
12
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TTP event, as soon as possible after the diagnosis is confirmed. Therefore, caplacizumab use is
conditional on the capacity to rapidly identify patients with a high likelihood of TTP (e.g. with an
initial high titer of ADAMTS13 inhibitors). It also requires assessment of local cost considerations
and availability.

Practically, if a clinician is considering caplacizumab, the drug may need to be administered even
before the result of plasma ADAMTS13 activity testing becomes available (see recommendations
12-14); this raises the possibility of overuse in patients who do not actually have the diagnosis of
TTP. The Panel emphasizes that caplacizumab is a newly approved drug, which is not yet
available widely. Few clinicians are familiar with its use and monitoring. The Panel stressed that
caplacizumab should only be given under the guidance of a trained clinician, who has knowledge
about the drug; ideally, this clinician would be a TTP expert (e.g., a hematologist or transfusion
medicine specialist). Clinicians using caplacizumab (and patients who receive it) must understand
caplacizumab’s unique method of action; it prevents the interaction between VWF and platelets,
thus preventing microthrombus formation, which is reflected by the normalization of platelet
counts. However, it does not correct underlying ADAMTS13 deficiency or eliminate
autoantibodies against ADAMTS13, which are the primary causes of iTTP. Other therapies may
still be required to control the underlying disease process. Experienced individuals can provide
guidance on how to start the drug, how to monitor patients, how to incorporate other ancillary
therapies, and when to stop the drug. As appropriate use of caplacizumab depends on access
to timely and reliable ADAMTS13 testing (either to initiate therapy or to confirm if therapy is
indicated), the implementation of this treatment must include implementation of rapid access to
ADAMTS13 testing. Finally, the panel highlighted the need to continue to gather data on the
optimal use of this new drug.

Recommendation 6. For patients with iTTP who are in remission, and still have low plasma
ADAMTS13 activity but no other signs/symptoms of TMA, the Panel suggests the use of
rituximab over non- use of rituximab for prophylaxis. (A conditional recommendation in
the context of very low certainty evidence)

The data informing this recommendation did not clearly differentiate patients in the first remission
from those in subsequent remissions. Rituximab did not appear to affect mortality; however a
small non-randomized study suggests that patients receiving rituximab had fewer relapses and
longer median time to relapse. The Panel raised practical issues around the cost, resources, and
13

ISTH Guideline for the Diagnosis and Management of Thrombotic Thrombocytopenic Purpura
patient commitment necessary to monitor patients during remission, to detect plasma ADAMTS13
activity and to start rituximab in a timely fashion. The Panel noted that this strategy may not be
feasible in all centers or acceptable to all patients. There is also no evidence on the appropriate
interval for ADAMTS13 testing. The Panel cautioned that implementing rituximab prophylaxis
without ADAMTS13 testing is not an evidence-based strategy and may lead to possible overuse
of this drug.

Recommendation 7. For patients with hereditary TTP who are in remission, the panel
suggests either plasma infusion or a watch and wait strategy. (A conditional
recommendation in the context of very low certainty evidence)

The evidence to address this question is sparse and of very low certainty. The panel felt that the
balance of benefits and harms is unclear from the available evidence. Regular plasma infusions
(generally given every 2-3 weeks) involve the use of substantial infrastructure resources and a
large volume of plasma, and can impose a burden on patients who must travel to a hospital or
infusion center to receive this treatment. Repeated vascular access and transfusion reactions are
also a concern. The panel felt, after weighing the evidence and practical considerations, that a
recommendation for one strategy over another cannot be issued. Individual patient preferences
and clinical circumstance should guide the decision-making process.

Recommendation 8. For patients with hereditary TTP who are in remission, the panel
suggests against the use of factor VIII concentrate infusions versus a watch and wait
strategy. (A conditional recommendation in the context of very low certainty evidence)

There is no clear evidence on the benefits or harms of using FVIII concentrate infusions in this
patient population. FVIII is a shelf stable product that can be self-administered at home, which
would be acceptable to many patients. However, the Panel raised concerns about the variability
of ADAMTS13 concentrations across various FVIII products with an intermediate purity, and felt
that in some cases, the ADAMTS13 concentration in the FVIII concentrate may be too low to have
a definitive effect. Given the absence of reliable data, the Panel did not think that FVIII concentrate
is an appropriate treatment of choice for most patients with hereditary TTP in remission.

Recommendation 9. For patients with iTTP who are pregnant, and have decreased plasma
ADAMTS13 activity but with no other signs/symptoms of TMA, the Panel recommends
14
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prophylactic treatment over no prophylactic treatment. (A strong recommendation in the
context of very low certainty evidence)

The Panel felt that pregnant women with a decreased level of plasma ADAMTS13 activity may
have poor clinical outcomes. However, there is a paucity of data on the effect of available
treatment regimens. The Panel elected to make a strong recommendation for prophylactic
treatment despite the absence of moderate to high-certainty evidence because it believed that
any intervention may reduce maternal and infant mortality rates in a life-threatening situation like
this. The risks and benefits of prophylactic treatment merit further study, but the Panel placed a
high value on the uncertain but potentially life-saving benefit of prophylactic treatment, and felt
the benefits of prophylactic treatment likely outweigh its risks.

Recommendation 10a. For patients with hereditary TTP who are pregnant, the Panel
recommends

prophylactic

treatment

over

no

prophylactic

treatment.

(Strong

recommendation in the context of very low certainty evidence)

The Panel felt that pregnant women with hereditary TTP have poor clinical outcomes, and there
is an unfortunate paucity of data on the effect of available treatment regimens. The Panel elected
to make a strong recommendation, despite the absence of moderate to high-certainty evidence
because it believed that any intervention may reduce maternal and infant mortality rates in a lifethreatening situation like this. The risks and benefits of prophylactic treatment merit further study,
but the Panel placed a high value on the uncertain but potentially life-saving benefit of prophylactic
treatment, and felt the benefits of prophylactic treatment likely outweigh its risks.

Recommendation 10b. For patients with hereditary TTP who are pregnant, the Panel
suggests prophylactic treatment with plasma infusion over FVIII products. (A conditional
recommendation in the context of very low certainty evidence)

Recommendation 10a emphasizes that for patients with hereditary TTP who are pregnant, the
panel recommends prophylactic treatment. Recommendation 10b explores what type of
prophylactic treatment might be appropriate. There is no clear evidence on the benefits or harms
of using FVIII concentrate infusions in hereditary TTP. There is also no direct evidence on the use
of regular plasma infusions in this patient population. FVIII is a stable product that can be selfadministered at home, which makes it more acceptable to many patients than plasma infusion.
15
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Plasma infusions require substantial infrastructure resources and a large volume of plasma, which
imposes a burden on patients who must travel to a hospital or infusion center to receive the
treatment. Repeated vascular access and transfusion reactions are also a concern with plasma
infusions. However, the Panel raised concerns about the variability in ADAMTS13 concentration
across various FVIII products with intermediate purity, and felt that in some cases, the ADAMTS13
concentration in FVIII products may be too low to have a benefit. Given the absence of data, the
Panel felt that FVIII product infusion is not an appropriate treatment for most patients with
hereditary TTP who are pregnant. Comparatively, plasma infusion appears to be a preferred
option in this setting.

Recommendation 12. In settings with reasonable access to plasma ADAMTS13 activity
testing and for patients with high clinical suspicion of TTP (e.g. pretest probability 90%,
based on clinical assessment or a formal clinical risk assessment method), the Panel
suggests the following diagnostic strategies: (A conditional recommendation in the
context of low certainty evidence):
Step 1. Acquire a plasma sample for ADAMTS13 activity and inhibitor / anti-ADAMTS13 IgG
testing before initiation of TPE or the use of any blood product.
Step 2. Start TPE and corticosteroids without waiting for the results of ADAMTS13 testing
(Recommendation 1).
Step 3. Consider early administration of caplacizumab. (Recommendation 5) before receiving
ADAMTS13 test results.
Step 4. When the result of ADAMTS13 activity testing is available, continue caplacizumab if
ADAMTS13 activity is < 10 U/dL (or 10% of normal) (a positive result) or stop caplacizumab if
ADAMTS13 activity is  10 U/dL (or 10% of normal) (a negative result). Clinical judgement is
required for continuing or stopping TPE and/or caplacizumab when plasma ADAMTS13 levels
are between 10 and 20 U/dL (or 10-20% of normal) (an equivocal result).
Step 5. For patients with ADAMTS13 activity < 10 U/dL (or 10% of normal) (a positive result),
consider starting rituximab as early as possible, as a majority of these patients have antibodies
against ADAMTS13 (Recommendation 2).

The Panel did not review the evidence for any specific score available for stratification of risk of
TTP in patient with TMA, therefore no specific scoring system is recommended. The
recommendation applies irrespective of the timing of ADAMTS13 testing and availability of results.
16
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The Panel underscored the importance of consulting a physician with experience in treatment of
TTP early in the process. See Figure 1.

Recommendation 13. In settings with reasonable access to ADAMTS13 testing and for
patients with non-high clinical suspicion of TTP (pretest probability <90%, based on
clinical assessment or a formal clinical risk assessment method), the Panel suggests the
following diagnostic strategies: (A conditional recommendation in the context of low
certainty evidence)
Step 1. Acquire a plasma sample for ADAMTS13 activity and inhibitor / anti-ADAMTS13 IgG
testing before the initiation of TPE or use of any blood product.
Step 2. Consider starting TPE and corticosteroids, depending on the clinician’s judgement and
assessment of the individual patient.
Step 3. Do not start caplacizumab until the result of plasma ADAMTS13 activity testing is
available.
Step 4. When the result of plasma ADAMTS13 activity testing is available, consider starting
caplacizumab if plasma ADAMTS13 activity is 10 U/dL (or <10% of normal) (a positive test result),
or do not start caplacizumab if ADAMTS13 activity is  10 U/dL (or 10% of normal) (a negative
result). Clinical judgement is required for continuing or stopping TPE and/or starting caplacizumab
when plasma ADAMTS13 levels are between 10 and 20 U/dL (or 10-20% of normal) (an equivocal
result).
Step 5. For patients with ADAMTS13 activity < 10 U/dL (or 10% of normal) (a positive result),
consider starting rituximab in addition to TPE and corticosteroids (Recommendation 2).

The Panel judged that for patients with an intermediate or low clinical suspicion of TTP the balance
of benefit, risk, cost, and resource use of caplacizumab does not justify its use. Therefore, a
positive ADAMTS13 activity test result (< 10 U/dL or 10% of normal) is required before initiation
of caplacizumab treatment. The Panel did not review the evidence for any specific clinical score
available for stratification of risk of TTP in patient with TMA, and therefore no specific score is
recommended. The recommendation applies irrespective of the timing of ADAMTS13 testing and
availability of results. The Panel underscored the importance of involving a physician with
experience in treating TTP early in the process. See Figure 2.
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Recommendation 14. In settings without reasonable access to ADAMTS13 activity testing,
the Panel suggests that caplacizumab not be used, regardless of the pretest probability of
TTP. (A conditional recommendation in the context of low certainty evidence)

The Panel judged that the potential benefit of caplacizumab, relative to its incremental bleeding
risk, cost, and resource use, does not justify its use in settings where ADAMTS13 activity results
cannot not be obtained. The Panel emphasized that centers willing to provide the optimal care for
patients with TTP should provide clinicians with timely access to plasma ADAMTS13 activity
testing to enable the proper use of various treatments available for TTP. See Figures 1 and 2.
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Figure 1. A suggested diagnostic strategy for patients with HIGH pretest probability of TTP

Figure 2. A suggested diagnostic strategy for patients with NON-HIGH pretest probability
of TTP
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Section 3: Summary of Guideline Development Process
The Panel used the GRADE approach and the Population, Intervention, Comparison, Outcome
(PICO) framework to develop and grade the recommendations contained in these guidelines, and
to assess the certainty of the evidence. These guidelines are developed according to the
standards for trustworthy guidelines set by the Health and Medicine Division (HMD) of the
National Academies of Sciences, Engineering, and Medicine (formerly called the Institute of
Medicine),45 and the procedures outlined in the GIN-McMaster Guideline Development
Checklist.46

These guidelines are supported by ISTH, with funding provided for the guideline development
process to McMaster University. All panel members have volunteered their time and were not
remunerated apart from reimbursement of meeting travel costs.

Guideline Panel
We gathered a multidisciplinary panel including hematologists and pathologists with clinical
expertise in the diagnosis and management of TTP, as well as physicians in other relevant
disciplines including intensive care, nephrology, and neurology. We also included patient
representatives on the Panel. The Panel clinical co-chair, X. Long Zheng, MD PhD is an expert in
TTP research, as well as the diagnosis and management of TTP and other related TMAs. The
Panel method co-chair, Sara K. Vesely PhD is an expert biostatistician and methodologist with
experience in GRADE guideline development and TTP research. Detailed panel composition is
provided in Appendix A.

Methodology team
McMaster University provided the methodological support for the guideline process, including
conducting systematic literature reviews to inform the guideline questions, providing training to
the Guideline panel members, guiding discussion at panel meetings, and preparing this final
evidence report. The leads of the methods team (Menaka Pai, MD MSc FRCPC and Alfonso Iorio,
MD PhD FRCPC) volunteered their time and effort. Detailed composition of the method team is
also provided in Appendix A.

Patient advisory panel
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A patient advisory panel consisting of TTP patients from various organizations around the world
provided a broader patient perspective to the guideline, particularly for the value patients place
on the outcomes of interest.

Conflict of interest management
Members of the guideline panel disclosed all financial and non-financial relationships from 12
months prior to guideline initiation through to publication. Financial conflicts arose from
commercial entities with interests related to guideline recommendations, while non-financial
conflicts arose from involvement in TTP/TMA research. Individuals with a major conflict of interest
(COI) with respect to any individual PICO were recused from voting for the corresponding
recommendation, however they were allowed to contribute to the discussion for that PICO. The
detailed COI policy is reported in Appendix B.

Panel meetings
The guideline panel met twice in person. First, PICO questions to identify and finalize the
outcomes of interest were developed in a two-day meeting on June 21-22, 2018. Twelve PICO
questions on treatment or management of TTP and two on diagnosis of TTP were generated
(Section 4.7). A discrete set of questions were generated for TTP in acute events, during
remission, and with pregnancy (Section 4.6).

The Panel met in the second and final meeting on May 17-18, 2019 to review the evidence profiles
(Section 6.2), discuss the evidence for the recommendation (Section 6.1), and issue the final
recommendations (see Executive Summary), including clinical practice implication and future
research priorities (Section 7).

Public comment
This document, in its final version approved by all panelists, has been made available for public
comments on the ISTH website for 30 days. All ISTH members were invited to provide comments,
as well as patient representatives, a selected number of TTP experts, and TTP registry
representatives. Comments received were reviewed by the Panel and methodology team,
incorporated in the final document when appropriate.

Dissemination
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The current document serves as the basis for peer-reviewed publications and presentations at
major professional meetings. A condensed version of this document may be posted on the ISTH
website after peer reviewed publication of the main report(s). The major reports and/or this
unabridged document will be submitted to ECRI Guidelines Trust, a publicly available repository
of clinical guidelines.
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Section 4: Detailed discussion of the guideline process and
methods
4.1 Establishing the scope of the guideline
To initiate the guideline process, ISTH struck a scoping panel of international experts in the
diagnosis and management of TTP, whose role was to define the scope of the clinical practice
guideline, including defining the content area to cover, the perspective to be taken, and
suggesting broad questions and categories of outcomes. The scoping panel composition is
provided in Appendix A.

The scoping panel convened twice via teleconference in the fall of 2017. A final scoping document
was delivered to ISTH in March 2018. The scoping document summarized the background and
current clinical landscape of TTP (including current management strategies and diagnostic
modalities), and outlined four areas of interest for the guideline:

Diagnosis of TTP: How is the diagnosis of TTP made and confirmed? What is the value
of rapidly identifying ADAMTS13 deficiency in a patient with suspected TTP?
Prognosis of TTP: Are there biomarkers that can help distinguish patients with a more
severe disease, or more likely to relapse?
Management of iTTP: How can we best manage acute events and with what agents?
What are the strategies to prevent a relapse? What is the value of prophylactic treatment
during remission, and during pregnancy?
Management of hereditary TTP: How can we best manage acute events and with what
agents? What are strategies to prevent a relapse? What is the value of prophylactic
treatment during remission, and during pregnancy?

After finalizing the scoping document, the scoping panel was disbanded. The scoping document
was used to prepare and discussed during the first Guideline Panel meeting, held in Toronto,
Canada, on June 21-22, 2018 (Section 4.7).
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4.2 Teams
4.2.1 Guideline Panel
The role of the Guideline Panel was to finalize the scope of the guideline within the space defined
in the scoping document, finalize the specific questions and outcomes to be addressed by the
guideline, participate in the evidence review and evidence to recommendation framework
preparation and discussion, issue recommendations for each question, and establish good
practice statements to complement their formal recommendations.

Several stakeholder groups were involved in the diagnosis and management of TTP, including
but not limited to hematology, critical care, transfusion medicine, nephrology, and neurology. The
members of the Guideline Panel represented these stakeholder groups. Two patient
representatives were also invited to join the Panel. Attention was also paid to adequate gender
balance of the panel, geographic representation, and minimization of conflict of interest (Section
4.3).

The final Guideline Panel had 12 members: four hematologists, one hematopathologist, one
transfusion medicine specialist, one intensive care physician, one nephrologist, one neurologist,
one methodologist, and two patient representatives. The panel included seven women and five
men, with representation from Canada (1), United States of America (7), Italy (1), Denmark (1),
France (1), and Japan (1). (see Appendix A)
The names of the clinical and methodology co-chairs were published in ISTH’s April 25, 2018
press release. When Dr. J. Evan Sadler stepped down as clinical co-chair due to illness. Dr. X.
Long Zheng was chosen by ISTH to serve the clinical co-chair. The names of the other panel
members were kept confidential until the finalization of this guideline; panelists were asked not to
disclose their participation for the same time frame. Panelist expenses for participation in the two
panel meetings were covered by ISTH, but no honoraria were provided, and panelists volunteered
their time and effort in the guideline development process.

4.2.2 McMaster Methods Team
The McMaster Methods team consisted of six methodologists with background in systematic
reviews and guideline development. The methods team conducted systematic literature reviews
to inform the PICO questions, analyzed and summarized the data, graded quality of evidence,
developed evidence profiles and evidence to decision tables, guided the discussion at in-person
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meetings, provided methodologic training to Panel members, drafted Good Practice Statements,
prepared the final evidence report, and participated in manuscript preparation. The methods team
also led a survey of worldwide TTP registries to gather data for outcomes that were not informed
by the literature search. Finally, the methods team led interviews with patient panelists to gain
insight on equity, feasibility, and acceptability of treatments for TTP (Appendix A). ISTH funding
provided as part of the contract was used to partially cover the cost for the activity of four of the
six methodologists. The two team leaders (MP and AI) volunteered their time and effort.

4.2.3 Patient advisory group
A patient advisory group was convened to broaden the patient perspective to the guideline, and
particularly to support the patient representation on the panel. TTP patient groups around the
world were identified through an online search, and group administrators asked whether an
invitation to participate in the patient advisory group could be distributed to their members.
Guideline Panel members also suggested individual patients to be invited to the advisory group.
Interested patients contacted the McMaster Methods Team and were invited to join.

The patient advisory group consisted of 46 adult TTP patients (43 female, 3 male) with a mean
age of 44. Patients were from Canada (10), the United States of America (18), Europe (6), and
Japan (4). The patient advisory group participated in an interactive orientation webinar on GRADE
and the guideline process, and in a ranking exercise for the outcomes of interest. The results of
this outcome ranking exercise were used to inform the Panel’s outcome ranking exercise (see
Section 4.6).

Members of the patient advisory group were invited to submit their interest for participating as one
of two patient representatives on the Guideline Panel. Patients were selected for the panel based
on their histories of TTP and experiences with different care centers. After the first in-person
meeting of the Guideline Panel, one of the patient representatives died from complications of
TTP. To ensure adequate patient representation on the panel, an additional patient was invited
to join the Guideline Panel.
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4.3 Conflict of Interest Management
Conflict of interest was managed in accordance with ISTH’s conflict of interest policy
(https://cdn.ymaws.com/www.isth.org/resource/resmgr/ISTH_COI_policy.pdf), and the standards set
in the 2011 document (Guidelines We Can Trust).45

All members of Guideline Panel and Methods Team were asked to disclose all relationships, both
financial and non-financial, held from the 12 months preceding the first in-person panel meeting
(June 2018) to the second in-person panel meeting (May 2019). Members were also advised that
they would be required to disclose any new conflicts until the time of guideline publication.
Conflicts included all current and planned commercial, non-commercial, intellectual, institutional,
patient–related, and public activities.

Financial conflicts were defined as those arising from commercial entities whose interests may
be represented in guideline recommendations. Non-financial conflicts were defined as those
arising from involvement in research concerning TTP (and other microangiopathies), including
involvement in clinical or laboratory studies in TTP/TMA or direction of research centers on
TTP/TMA.

At several different times during the guideline process the McMaster team queried the Centers
for Medicare & Medicaid Services’ Open Payments site, as well disclosure statements of
published articles, for additional undisclosed conflicts. Conflicts were updated, presented in
written form and verbally commented at the beginning of in-person panel meetings.

Individuals with major conflicts of interest (Appendix B) with regards to any individual PICO
question were asked to abstain from voting on the corresponding recommendation, and their
abstention was noted by the Methods Co-Chair of the Panel and annotated in the evidence to
decision tables. Conflicted individuals fully participated in discussion preceding the vote. The final
panel was composed of 50% individuals with no or minimal conflict of interest (Appendix B).
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4.4 Guideline Development Method and Panel Member Training

The guideline development methodology proposed by the McMaster Method Team and endorsed
by ISTH was GRADE. Details on GRADE methods can be found in the literature.47

Panel members underwent extensive training in the GRADE methodology. Before the first panel
meeting, panel members attended an introductory webinar with the McMaster Method team on
GRADE guideline methodology and terminology. Panel members then spent a full day training inperson prior to setting the guideline questions.

Before the second panel meeting, panel members received completed evidence to decision
tables, along with a training video created by the McMaster Methods team on how to understand
and interpret the tables. Finally, time was spent at the beginning of the second in-person panel
meeting reviewing an evidence to decision table and solidifying understanding of the methodology
before generating recommendations.

4.5 Establishing target audience

These guidelines apply to adult patients diagnosed with thrombotic thrombocytopenic purpura (in
the acquired and hereditary forms) and covers care during acute events and while in remission.
It also applies to diagnostic management of patients with thrombotic microangiopathy that is
suspected to be TTP.

The target audience of these guidelines is health care providers in the developed world involved
in the diagnosis and management of TTP, including but not limited to emergency/critical care
physicians, hematologists, nephrologists, neurologists, transfusion medicine specialists, and
hospitalists.

4.6 Selection of outcomes
As per GRADE, guidelines should focus on outcomes “important” for decision making, defined as
outcomes that are relevant to patients, measurable, and clearly defined. We adopted a
comprehensive approach to identification of important outcomes. Initially, the patient advisory
board members were asked to rank a long list of outcomes in order of perceived importance.
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Additionally, patient panelists commented on importance of outcomes during individual interviews
with the McMaster team. The same long list was presented to panelists at the first panel meeting,
and the panel was then tasked to distill a short list of outcomes to guide evidence acquisition. At
the end of their ranking exercise, panelists were shown the patient rankings, which were
considered to finalize the subsets of outcomes for the different clinical scenarios and populations.
Finally, before the second panel meeting, the panel was invited to re-rank outcomes in an online
survey, aiming to assign relative utility to the outcomes to facilitate balancing benefits and harms.
The Panel had the option of adjusting the ranking for each individual PICO question when it
completed the evidence to decision tables during its final in-person meeting.

The Panel identified and finalized discrete outcome sets for questions relating to acute TTP
events in immune TTP, immune and hereditary TTP in remission, and immune and hereditary
TTP during pregnancy. During the first panel meeting, and in the immediate post-meeting period,
detailed outcome definitions were agreed upon, to better guide the evidence acquisition process.
Outcomes and definitions are listed in Appendix C.

4.7 Developing PICO questions

The PICO questions to be covered by the guideline were finalized during the guideline panel
meeting in Toronto, Canada, in June 2018. Starting from the scoping document and the shortlist
of outcomes resulting from the exercise described above, the panel identified candidate
population, treatments and subset of outcomes to cover the scope of the guideline. To ensure
feasibility of the process the McMaster Method Teams had suggested that a maximum of 10 PICO
questions and 7 outcomes would have been ideal for a single panel meeting. After in depth
discussion and careful consideration of the scoping document and candidate questions, the panel
generated twelve PICO questions relating to treatment of TTP and three relating to the diagnosis
of TTP.

TREATMENT QUESTIONS

The panel identified and finalized twelve treatment questions relating to acute TTP events (first
events and relapses) in iTTP, iTTP and hereditary TTP while in remission, and acute iTTP and
hereditary TTP during pregnancy and in remission.
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iTTP, the first event
•

Should TPE plus steroids vs. TPE alone be used for patients with iTTP experiencing the
first acute event?

•

Should rituximab be added to TPE and corticosteroids or not for patients with iTTP
experiencing the first acute event?

•

Should caplacizumab vs. no caplacizumab be used for patients with iTTP experiencing
the first acute event?

iTTP, the relapse episode
•

Should TPE plus steroids vs TPE alone be used for patients with iTTP experiencing a
relapse?

•

Should rituximab added to TPE and steroids or not for patients with iTTP experiencing a
relapse?

•

Should caplacizumab vs. no caplacizumab be used for patients with iTTP experiencing a
relapse?

iTTP and hereditary TTP, during remission
•

Should rituximab as prophylaxis vs no prophylaxis be used for patients with iTTP in
remission?

•

Should plasma infusion vs. a watch and wait strategy be used for patients with hereditary
TTP in remission?

•

Should a factor VIII concentrate infusion vs a watch and wait strategy be used for patients
with a hereditary TT in remission?

•

Should plasma infusion vs. a factor VIII concentrate infusion be used for patients with
hereditary TTP in remission?

iTTP and hereditary TTP during pregnancy but in remission
•

Should prophylactic immunosuppression vs a watch and wait strategy be used for patients
with iTTP who are pregnant, having a decreased level of plasma ADAMTS13 but without
other signs/symptoms of TMA?

•

Should plasma infusion vs a factor VIII concentrate infusion be used for patients with
hereditary TTP who are pregnant but in remission?
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DIAGNOSIS QUESTIONS
The panel considered addressing diagnostic questions, as suggested in the scoping document.
The Panel decided to prioritize the initial diagnostic steps involved in confirming the diagnosis of
TTP in the first acute episode, for the purpose of providing optimal treatment to the appropriate
patient population. The Panel unanimously judged that treatment of relapses for patients already
diagnosed with iTTP could be safely undertaken on clinical grounds without the need for
confirmatory ADAMTS13 tests.
The panel agreed to follow the standard GRADE approach for diagnosis.48, 49 In brief, this is a
two-step process starting with the appraisal of the test characteristics of the diagnostic test of
interest and continuing with modeling of the impact on patient important outcomes of the adoption
of different diagnostic pathways, for patients with different pretest probabilities of the disease of
interest. During the first in-person meeting of the Panel, the following three potential diagnostic
pathways were identified as relevant, and selected for full appraisal:

Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e.,
within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with a delay
(i.e., after 72 hours)

All three scenarios were thought to potentially apply to patients with a diagnosis of TMA and
suspected TTP. The population of interest would therefore be defined as: patients with very low
platelet counts (plt <50 x 109/L), anemia (Hb below lower limit of reference range), preserved renal
function (creatinine <2.0 mg/dL or < 176.8 μmol/L), and schistocytes. The Panel discussed the
additional value of using clinical risk assessment models, such as the PLASMIC score or the
French score.50

71

This was felt to be out of scope for these guidelines at this time. The Panel

agreed that any diagnostic strategy would have to start with a thoughtful assessment of the
patient’s pretest probability of having TTP and the use of a formal risk assessment model would
not be inappropriate. However, they noted that both the PLASMIC and the French scores were
designed for adult populations with no comorbid conditions (e.g., pregnancy, cancer, sepsis,
transplant), and may not be as reliable in children.

50 71

The logical framework for the process is

described in Appendix H.
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The diagnostic tests of interest for the three pathways were centered on the measurement of
plasma ADAMTS13 activity and the identification or quantification of anti-ADAMTS13 antibodies.
The Panel decided to consider as management options for patients confirmed to have TTP those
identified in the treatment section of the guidelines. Similar outcomes were also considered.
Essentially, the basic question addressed for the diagnostic pathway was: “For patients with TMA
and suspected TTP, what is the effect of management (diagnosis + treatment) performed
according to different scenarios?”

The diagnostic accuracy of the four tests for which evidence was available are summarized in
Appendix I.
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Section 5: Evidence retrieval and appraisal
5.1. TREATMENT

5.1.1

Systematic review

5.1.1.1 Search
We searched Medline, EMBASE, and the Cochrane library from inception to July 18, 2018. A
comprehensive search strategy was prepared by a skilled librarian (TN). Terms for the disease
were combined with terms for individual treatments of interest and methods terms. The final
search strategies are reported in Appendix D-1. Input from the chairs and panel members was
sought and obtained to ensure the comprehensiveness of the content terms. Also, the McMaster
Method Team and the panelists identified several recent references of eligible studies which were
used for the development and validation of the search strategies. Results from each database
were deduplicated and imported into Distiller SR.51 The total number of retrieved references is
reported in the PRISMA flow charts (Appendix E-1).

5.1.1.2 Screening and study selection
We included any RCT or observational study, including case series with five or more subjects,
that reported at least one of the outcomes of interest in one of the populations of interest receiving
at least one of the treatments of interest (see section 4.6 for list of PICO questions and Appendix
C for outcomes). We included comparative studies as well as single-armed studies, due to the
relative dearth of large comparative studies in this rare disease population. Only English-language
studies were included.

We excluded: case reports (<5 patients), studies with aggregate data across mixed populations
or where outcomes could not clearly be linked to patients’ treatment status; patients with TTP
secondary to: drugs, cancer, BMT or other transplants, surgery, HIV; and arms that reported on
one or more treatment for TTP that were not among the treatments of interest. For instance, if a
study compared a treatment of interest to a treatment not of interest, we included the arm
receiving the treatment of interest as a single-arm study and not the arm receiving the other
treatment(s).
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We developed and calibrated screening forms for title/abstract and full text screening. Pairs of
screeners independently screened titles and abstracts for potential relevance, including
references for which it was not possible to decide based on title and abstract. Full texts of
potentially eligible references were retrieved and independently reviewed by pairs of screeners
for inclusion. Disagreements between screeners were solved via discussion or with the help of a
third reviewer. Eligible studies were matched to the appropriate PICO question(s). DistillerSR was
used to perform the screening process.

5.1.1.3 Data abstraction
Pairs of reviewers independently extracted information on study type, study setting, patient
demographics, patient medical details (immune or hereditary TTP, first event/relapse, pregnancy,
other immune diseases), details on treatments provided to patients, details on outcomes, and
follow-up period. Disagreements were resolved through discussion, or if necessary, through a
third party to achieve consensus. Standardized data abstraction forms were prepared, piloted and
adopted for the task.

We made every attempt to classify patients as having a first acute event or a relapse as requested
by the PICO structure. Where papers included both first acute events and relapses and reported
the outcomes separately for these groups, we analyzed the patients in their respective groups.
Where papers included both first acute events and relapse events but did not report outcomes
separately, we accepted up to 20% mixed populations for acute and relapse events (i.e., a paper
with <20% relapsed patients would be classified as first event, and a paper with <20% first event
patients would be classified as relapse). Studies for which the event status of the patient could
not be determined, or where the proportion of both groups of patients was >20%, were analyzed
separately as a “mixed” population.

We checked papers for possible duplication of patients. Where duplication of patients was
suspected, we contacted the corresponding authors of publications to verify whether there was
patient overlap in the studies. Where overlap was suspected or confirmed, we used the most
complete report.

5.1.1.4 Analysis
We separately analyzed data from RCTs, comparative observational studies, and single-arm
observational studies.
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Binary outcomes for RCTs and comparative observational studies were analyzed using Review
Manager (RevMan) 5.3 software52 using the PETO method for binary data of rare events with
fixed effects and reported as odds ratios with 95% confidence intervals (CIs) 53. Binary outcomes
for single-armed studies were pooled in STATA version 1354 using a random effects model after
Freeman-Tukey double-arcsine transformation to stabilize the variances and reported as
proportions with 95% CIs.

Continuous outcomes (days in hospital, days of TPE) were reported as mean (SD). Continuous
outcomes reported in comparative studies were analyzed using random effect mean difference
with RevMan.

Time to relapse was reported as median and range. We censored patients who died before
achieving clinical remission from the analysis of relapse.

Pooled estimates of effect were imported into GRADEPro software (www.gradepro.org) and
entered into evidence profiles. We used separate lines in the evidence profiles to display evidence
for RCTs, comparative observational studies, and single-arm observational studies, and
assessed their certainty separately.

5.1.1.5 Quality appraisal
To assess the certainty of the evidence we used the GRADE approach, which includes the
following domains: risk of bias; inconsistency; imprecision; indirectness; and publication bias.
Certainty assessments for each individual PICO questions by outcome are available in the
evidence profiles (Section 7).

Randomized controlled trials were assessed for risk of bias using the Cochrane Risk of Bias
assessment tool.55 Non-randomized studies were assessed for risk of bias using the Risk of Bias
in Non-Randomized Studies of Interventions (ROBINS-I) tool.56 We assessed inconsistency by
inspection of the forest plot and considered it serious when confidence intervals from individual
study estimates did not or minimally overlapped and their absolute values would have affected
clinical decision making. We considered imprecision to be important if the 95% confidence
intervals for the point estimates of effect crossed the clinical decision threshold between
recommending and not recommending treatment.
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5.1.2. Adverse events

5.1.2.1 Rationale
In general, RCT and comparative observational trials are powered to show efficacy of
interventions but are underpowered to generate robust evidence on safety events, which are often
investigated in large database linkage studies or systematic reviews. Due the rarity of the disease,
we expected even less evidence on side effects in studies performed on TTP patients. As side
effects of treatment are often independent of the underlying disease, we planned and executed
additional searches to gather information on adverse events from larger population studies
reporting use of the same treatments in non-TTP populations, with the intent of retrieving
additional indirect evidence to support the development of the guidelines.

5.1.2.2 Selection of treatments to search
We chose to systematically search for adverse events of steroids, TPE, and rituximab, as these
three treatments are widely used and have been studied in a range of medical conditions. We did
not search for adverse events of caplacizumab. This drug was developed specifically for use in
TTP patients, and the only available clinical evidence for adverse effects was published in the two
trials of TTP patients which were included in the guidelines’ systematic review. We did not search
for adverse events of plasma infusion, considering the substantial overlap with side effects of
TPE. Finally, we did not search for adverse events of plasma-derived factor VIII, as its most
problematic complication - development of inhibitors – applies only to patients with hemophilia.

5.1.2.3 Search
We searched Medline from 2009 to January 25, 2019 for Cochrane systematic reviews using drug
terms combined with specific method terms for adverse events and systematic reviews (Clinical
Queries Balanced Review filter to search for systematic reviews).57 The search strategy is
available in Appendix D-2.

We screened titles and abstracts for potential relevance, and then full texts for final
inclusion/exclusion. We excluded papers with a different method of administration of the drug
(e.g. topical steroids), significantly prolonged duration of the therapy (e.g. in Duchenne muscular
dystrophy or cystic fibrosis) or very specific population (e.g. steroids administered during
pregnancy to avoid fetal respiratory distress). Where updates of reviews were available, we
considered the most recent update for full review. We searched reference lists of reviews for other
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possible reviews. Due to a comparative lack of systematic reviews for TPE, we hand-searched
the list of excluded studies from the TTP treatment review for studies reporting adverse events of
TPE (e.g. studies reporting on TPE registries).

5.1.2.4. Data extraction
One reviewer extracted data from articles for the most severe/frequent adverse events. (See
Appendix E-2). Details on the specific population enrolled in the systematic reviews and original
studies are reported in Appendix F-1 and the complete list of references is available in the
Evidence Profiles (see Section 7).

5.1.2.5 Evidence profiles
Evidence on “Any Adverse Events” and “Severe Adverse Events” from the process described
here was reported on separate lines of the evidence profiles (Section 7). For rituximab, no
evidence on adverse effects was found in the TTP literature, and we only used indirect evidence
from Cochrane reviews. For TPE and steroids both direct and indirect evidence was available.
Details on direct, indirect and cumulative data are provided in Appendix F2-F4.

5.1.3 Registry data and systematically collected observations

5.1.3.1 Rationale
Data from well-established registries and systematically collected observations from experts are
valuable sources of evidence to supplement a sparse evidence base and to inform and support
the recommendations of the guideline.

Registry data can be used to identify or explore relevant patient subgroups and can also give a
snapshot of the impact and natural history of a disease, and the variety and effects of treatments
that are used. Registries have the benefit of prospectively capturing patient information; a robust
registry, comprehensive in the depth of captured data and inclusive of all known patients, can be
equivalent to a high-quality observational study.

Therefore, even if these data are unpublished, they can be categorized as observational studies
with similar certainty rating as case series/case reports (i.e. very low quality). In the absence of
formal registries, patient level data and other objective evidence can be submitted by panel
members and other experts. This information is collected with systematic observation forms.43
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The main limitation of using registry and systematic observation data is the difficulty of separating
expert-provided data from expert judgement (opinion). Dedicated methodology to accomplish this
goal, or to at least limit the risk of bias, has been developed and used in previous guidelines for
rare diseases.58, 59

5.1.3.2 Methods
After completing the literature search and evidence profiles, we identified several PICO questions
for which evidence was sparse or lacking for specific outcomes. We selected outcomes with
completely missing or inconclusive data to be informed by TTP Registries and by systematic
observations from TTP experts on the guideline panel.

Nineteen TTP registries were identified around the world. Firstly, panel members suggested wellknown TTP registries, including registries in which panel members are involved. Articles from the
TTP systematic review were screened to identify publications from additional registries. Finally, a
broad online search was done to identify any further TTP registries.

The nineteen identified TTP registries were contacted by email in January 2019. Thirteen replied
to the call to participate and received the Registry Data Collection Form along with a Mutual
Confidentiality Agreement. Eventually, eight registries were able to collect and provide data to
inform the guideline (Appendix G).

Registry data were extracted and collected in a series of tables for each specific PICO. Data were
normalized to the same unit of measurement (e.g. months for time to relapse). Demographic data
were collected as well, whenever available. Possible incongruencies were clarified by contacting
the registry owners. Total prevalence of outcomes and their range among registries were reported
for dichotomous outcomes; median and total range across registries were reported for continuous
outcomes (e.g. time to relapse).

5.1.3.3. Analysis
Aggregate registry data were added as separate rows in the Evidence Profiles. Data were
categorized as single-arm observational studies (Section 7). Although we initially requested only
data for outcomes for which we had no included studies in the systematic review, we had some
outcomes for which both systematic review and registry data were available. We checked the
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registry data against the systematic review studies for overlap. Where published data for a given
outcome originated from a registry that provided data, we used the information from the published
study. Where we suspected but could not verify overlap, we included a footnote in the evidence
profile.

Systematic observation forms were offered to all panel members, to enable them to submit clinical
observations that were not captured by already submitted registry information. However, none of
the panel members felt the need to fill them, as that their centers’ patient level data was already
captured by the submitted registry information.
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5.2. DIAGNOSIS
5.2.1 Search
We searched Medline and EMBASE from inception to February 5, 2019 using the Ovid platform
and the search strategy reported in Appendix D-3. The search strategy was calibrated to ensure
it was capturing an empirical set of SR and original studies identified by ad hoc selective searches
and by using references provided by panel members. Terms for the tests of interest, synonyms
and alternative wording for the diagnostic tests of interest were accrued by snowballing on the
priming set of references and by asking advice from panel members. The final list of search terms
was reviewed and approved by the panel members. The content terms were coupled with
methods terms specific for diagnostic studies from the proprietary collection of the Health
Information Research Unit’s Hedges set of filters.60-63 Result sets from each database were
deduplicated and imported into Distiller SR.

5.2.2 Screening and study selection
We included any English-language study of any design that assessed testing of ADAMTS13
activity or ADAMTS13 antibodies to arrive at a diagnosis of TTP. Eligible studies reported one or
both of:
1) Operating characteristics of the ADAMTS13 index test or
2) Sufficient information to calculate operating characteristics against a reference standard.

Any test measuring ADAMTS13 irrespective of the methodology used was eligible. We
considered studies adopting a cutoff of ADAMTS13 activity levels of 10% or allowing re-analysis
of data according to such cut off. 10% was chosen as a clinical cutoff point after consultation with
clinical experts, as this is the most clinically accepted cutoff for diagnosis of TTP.

The reference standard chosen was a clinical diagnosis of TTP. To ensure our data approximated
a realistic clinical scenario in which an ADAMTS13 activity assay may be used, we did not
consider studies comparing ADAMTS13 results from TMA patients with healthy volunteers, or
with TTP patients in disease remission. We also excluded studies that used a cutoff other than
10% to diagnose TTP and lacked individual patient information to calculate operating
characteristics for a cutoff of 10%.

We used DistillerSR to facilitate the screening process. Pairs of screeners independently
screened titles and abstracts then full texts against the inclusion and exclusion criteria.
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Disagreements between screeners were solved via discussion or with the help of a third reviewer.
A flow chart of the screening process is provided in Appendix E-3.

5.2.3 Data abstraction
Using a standardized data extraction form, pairs of reviewers independently extracted information
on: study type and study setting, patient details and clinical diagnoses (TTP or other diagnoses),
details on the assay used to measure ADAMTS13 activity, details of clinical diagnosis, and details
on the assay performance compared with clinical diagnosis (any reported operating
characteristics, true positives, false positives, false negatives, true negatives).
Any disagreement was resolved by consensus.

5.2.4 Analysis and certainty assessment
Accuracy study data were pooled for each individual assay using a bivariate mixed-effects binary
regression modeling framework with the STATA module metandi (Stata ver 13, STATA Corp., TX,
USA). Summary operating sensitivities and specificities were calculated.

Pooled estimates of sensitivity and specificity for each assay were input into GRADEPro software
(www.gradepro.org) to create evidence profiles for each individual assay and each level of
disease prevalence we intended to model. QUADAS-264 was used to assess the risk of bias of
diagnostic accuracy studies. Certainty assessments are available in the diagnostic evidence
profiles (Appendix I).

5.2.5 Diagnostic pathways modeling
Adoption of the two-stage approach to diagnostic recommendations requires modeling the effect
of adopting specific diagnostic pathways. To this scope, events rate for the relevant outcomes
were calculated for the selected diagnostic pathways and the available diagnostic tests assuming
three different prevalence scenarios (90%, 75% and 20% prevalence of TTP in the TMA
population entering the diagnostic pathway). The intermediate steps described below were
calculated.

1. For each of the tests (FRETS, collagen binding, immunoassays, and ristocetin cofactor) the
number of true positive, true negative, false positive, and false negative was calculated based on
the pooled sensitivity and specificity and a prevalence of TTP of 90%, 75%, and 20%. Details are
provided in Appendix J.
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2.The treatment effects to be used for modeling the impact of adopting the three diagnostic
pathways of interest were derived from the evidence profiles on the effects of the treatment
options considered for the treatment questions. They are summarized in Appendix K-1. In
essence, TPE plus steroids plus caplacizumab plus rituximab was considered for TTP cases (TTP
treatment) and TPE plus steroids for TMA cases not diagnosed with TTP (non-TTP treatment).

3. The true positive, true negative, false positive, and false negative were then assigned to the
TTP treatment or the non-TTP treatment, and events were calculated for each group and for the
total population for each of the three prevalence scenarios (90%, 75%, 20%). Figure presented
are events per 1000 patients tested. To realistically model the effect of adopting alternative
pathways, the following assumptions were made and used as sensitivity analyses for the
pathways not adopting the ADAMTS13 test. For the 90% prevalence setting, it was assumed that
either all (100%) or 90% of the subjects were assigned to TTP treatment, and 0 or 10% to the
non-TTP treatment. For the 75% prevalence setting, it was assumed that either all (100%) or 75%
of the subjects were assigned to TTP treatment, and 0 or 25% to the non-TTP treatment. For the
20% prevalence setting, it was assumed that either all (100%) or 50% of the subjects were
assigned to TTP treatment, and 0 or 50% to the non-TTP treatment. These sensitivity analyses
were agreed to by the Panel and meant to represent part of the variability observed in real clinical
settings. The resulting event rates are reported in full details in Appendix K-2 to K-5. Since the
comparison of the performance of the different diagnostic pathways should consider the total
number of events avoided or tolerated across the entire populations, Appendix L summarizes the
figures for each test and each prevalence stratum, highlighting for each outcome the least (in
italics) and the most favorable (in bold) event rate.

4. A direct comparison of the different tests (FRETS, immunoassay, collagen binding, and
ristocetin based) for patient relevant outcomes was also provided as Appendix L-5.

The simulation results were carefully reviewed and discussed by the Panel. Under the modelling
assumptions, the strategy of not adopting ADAMTS13 testing and treating everyone with TTPtreatment (scenario B 100 in the tables) was generally most favorable when considering death
avoided, exacerbation and relapse rate; conversely, the strategy using a test-guided treatment
(scenario A) was generally most favorable when considering reducing serious adverse events,
and often length of hospital stay. The strategies generally did not differ for platelet recovery rate.
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These results did follow a pattern across the different prevalence scenarios, with larger relative
differences where the prevalence was lower.

The Panel agreed that the information available on the variability of the measure of antibodies
against ADAMTS13 was still too uncertain to introduce the test in the simulation exercise. The
Panel agreed that it will be very important to use the test in clinical practice and record the results
in existing registries to gather such evidence. Depending on the clinical picture and the confidence
in the specific implementation of the assay, immunosuppressive treatment for iTTP may be
withheld when a negative antibodies test is reported.

Based on appraisal of the simulation data above, the Panel opted to consider and recommend
two different scenarios for two different subgroups of patients: patients at high risk of TTP (highlikelihood of TTP population (e.g. >90 risk of TTP based on use of a clinical score, such as the
PLASMIC or French score) and patients at low- or intermediate-risk of TTP (all the remaining
population with ≤90% risk of TTP). For each group, the Panel considered the scenario where the
ADAMTS13 is available (either readily or with delay) or not available.
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5.3. Methods for other EtD domains

We used several strategies to inform the domains of economics, patient values and preferences,
feasibility, acceptability, and equity.

5.3.1 Economics
The McMaster team performed a focused search of the published literature for costing data for
individual TTP treatments and diagnostic assays. We searched Medline combining TTP terms
with the Balanced Cost Medline Clinical Query65 (search strategy available in Appendix D-4). A
single reviewer screened titles and abstracts and then full texts for relevance (flow chart available
in Appendix E-4). Several studies were identified, including studies with estimates of the costs of
TPE, rituximab, inpatient treatment for TTP (including associated procedural, personnel, and
adverse event costs), and of diagnostic ADAMTS13 assays. This search was supplemented by a
hand search of results of the systematic searches of TTP treatments and diagnostic assays, and
by accessing publicly available reference laboratory price lists and drug formularies to understand
the range of costs across different jurisdictions.

Panelists were invited to complete an online survey to comment on the compiled cost data, as
well as treatment/diagnostic assay availability and coverage (i.e., publicly funded, private
insurance funded, private pay) in their jurisdiction.

5.3.2 Values and Preferences
The McMaster team performed a focused search of the published literature for values and
preferences data for TTP patients. We searched Medline combining TTP terms with values and
preferences terms,66 and hand searched results of the systematic searches of TTP treatments
and diagnostic assays (search strategy available in Appendix D-5). A single reviewer screened
titles and abstracts and then full texts for relevance. No studies on values and preferences were
identified (flow chart available in Appendix E-5). To inform patient values and preferences, the
McMaster team conducted individual structured interviews with patient panelists. Key points from
these interviews were included in GRADE evidence to decision profiles presented at the final
panel meeting.
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5.3.3 Feasibility, acceptability, equity
To inform the domains of feasibility, acceptability and equity, the McMaster team conducted
individual structured interviews with patient panelists. Key points from these interviews were
included in GRADE evidence to decision profiles presented at the final panel meeting.

5.4. Panel involvement in the process for evidence retrieval and appraisal

The evidence retrieval and appraisal process was led by the McMaster Methods team, with
ongoing feedback and contributions from the guideline panel.

Between the first and second in person panel meeting, the McMaster Methods team met weekly;
for most of the meetings the Panel co-chairs also participated. All members of the Panel were
consulted in reviewing the disease and treatment terms for searches, reviewing lists of included
studies for completeness and relevance, and reviewing the completed evidence profile over a
four-week period before the second panel meeting.

5.5. Role of the funding source

ISTH contracted McMaster University for providing methodologic support and sustained all costs
for panel meetings (including travel and accommodation of panel members). ISTH struck the
scoping panel and issued invitations to the guideline panel after reviewing conflict of interest
assessments completed by McMaster University.

ISTH had a role in establishing the scope and target audience of the guideline. However, the
Society had no role in the selection of the specific questions and outcomes of interest, nor in the
design of the systematic reviews, data collection or analysis, nor in the creation of the final
recommendations.

Members of the guideline panel received travel reimbursement for attendance at in-person
meetings. Honoraria were not given. The panelists received no other payments. Some
researchers who contributed to the systematic evidence reviews received salary support. The
Methods Team Leads received grant support.
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Section 6: Moving from evidence to recommendations
6.1 Evidence to decision tables
Evidence from systematic reviews and TTP registries was presented to the panel using GRADE
evidence to decision tables. The tables, prepared by the McMaster Methods team, were provided
to the panel members for review 4 weeks before the in-person panel meeting. GRADE evidence
to decision tables report, for each PICO question, evidence on benefits and harms in relation to
important outcomes, the quality of the available evidence, cost information, and information on
equity, feasibility, and acceptability.

Evidence to decision tables are provided in Section 7.

6.2 Panel deliberation meeting

The guideline panel met in May 2019 to review and discuss the evidence and draft
recommendations.

Panelists provided updated disclosures of conflicts of interest immediately before the meeting and
were asked to ensure their disclosures were complete at the meeting. All recommendations were
subject to discussion, followed by formal voting. Voting was done by secret ballot, and simple
majority. Dissenting opinions were noted in the EtDs. There were panel members with specific
conflicts of interest, which required recusal for individual PICO questions: PICO questions on
caplacizumab (three panel members recused); PICO questions on factor VIII concentrate (three
panel members recused); and PICO questions on diagnostic assays for ADAMTS13 (one panel
member recused). Conflicted members were required to declare their conflicts of interest before
the discussion started for relevant PICO questions. They were permitted to participate in
discussion of the individual data elements of the evidence to decision tables but abstained from
formal voting. All voting was conducted anonymously.

The panel decided to modify two of the PICO questions that were originally set in June 2018.
Specifically, the panel combined questions on the use of caplacizumab in the first acute event
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setting and the subsequent acute event setting (i.e., relapse) as published data did not
differentiate between these types of events. (Recommendation 5)

The panel also chose not to address the question on the use of FVIII versus plasma infusion for
patients with hereditary TTP. This PICO question was determined to be redundant, given the
recommendations for the other PICO questions on FVIII and plasma infusion addressed by the
guideline.

The panel also chose to subdivide the question of relapse prevention during pregnancy. The panel
felt that pregnant women with TTP had particularly poor clinical outcomes, so they chose to issue
two overarching recommendations on the importance of adopting a prophylactic strategy, as well
as a recommendation addressing specific prophylactic strategies (Recommendations 9, 10, 11).

In addition to issuing recommendations, the panel established considerations for implementation,
monitoring and evaluation, and research priorities where needed for each PICO question.

6.3 Development of Good Practice Statements

The Panel discussed several additional considerations potentially useful for the implementation
of good clinical care for patients with TTP. These so-called Good Practice Statements provide
basic guidance and are specifically directed to non-specialized health care providers with limited
experience in treating TTP.

Good Practice Statements are not evidence-based recommendations. They are not based on
systematic reviews of the evidence organized in response to structured PICO questions, and are
not subject to formal grading of the evidence. They provide an overview of the care provided by
TTP experts in the setting of women’s health, supportive care, relapse prevention, and refusal of
blood products. In many cases, there is a substantial body of indirect evidence strongly supporting
the net benefit of the outlined approaches.67,

68

These Good Practice Statements should be

considered expert opinion, and used with the requisite caution and clinical judgement.

After setting the PICO questions for the guideline, the Panel identified several topics that might
be well suited to non-GRADEd Good Practice Statements. The McMaster team drafted an initial
set of statements for distribution to the panel before the second panel meeting. The Panel
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reviewed the statements for relevance and accuracy. The good practice statements were then
revised based on feedback, redistributed to the panel for further revisions, and then finalized.
Good practice statements were not discussed during the panel meeting.

6.4 Public comment period
This document, in its final version approved by all Panelists, was made available for public
comment on the ISTH website for 30 days. All ISTH members were invited to provide comments,
as were patient representatives, a selected number of TTP experts, and TTP registry
representatives. Comments received were reviewed by the Panel and methods team,
incorporated in the document when appropriate.
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Section 7: EVIDENCE TO DECISION TABLES AND EVIDENCE PROFILES
7.1 Should TPE + steroids vs. TPE alone be used for patients with immune TTP experiencing a first acute event?
7.1.1 Evidence to Decision Table
Should TPE + steroids vs. TPE alone be used for patients with immune TTP experiencing a first acute event?
POPULATION:

patients with immune TTP experiencing a first acute event

INTERVENTION:

TPE + steroids

COMPARISON:

TPE alone

MAIN OUTCOMES:

All-cause mortality, platelet count recovery, normal ADAMTS13 level, exacerbation, days in hospital/days of TPE, relapse, time to relapse, all CV events, stroke/TIA/clinically obvious neurological
deficit, acute kidney injury/dialysis, adverse events

SETTING:

Hospital

PERSPECTIVE:

Clinical considerations - population perspective

BACKGROUND:

Therapeutic plasma exchange (TPE) is the standard of care treatment for patients with immune TTP, reducing mortality from 80-90% to 20% or less.
Corticosteroids are routinely used as an adjunct to TPE, based on the autoimmune characteristics of the disease. However, data are lacking for the efficacy of steroids in the treatment of TTP.

CONFLICT OF
INTERESTS:

ASSESSMENT
Problem
Is the problem a priority?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

The panel felt this question was important because of perceived variability in practice, and the need
for synthesized data on the value of steroids.

ADDITIONAL CONSIDERATIONS

52

ISTH Guideline for the Diagnosis and Management of Thrombotic Thrombocytopenic Purpura

Desirable Effects
How substantial are the desirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Trivial
○ Small
● Moderate
○ Large
○ Varies
○ Don't know

See EPs.

Panel suggested patients who received steroids may have had
more severe disease. Effect on mortality and platelet count
appear large, but given that studies are small, pooled effects
appear less large.

Undesirable Effects
How substantial are the undesirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Large
○ Moderate
● Small
○ Trivial
○ Varies
○ Don't know

See EPs.

Panel suggested patients who received steroids may have had
more severe disease. Challenging to determine if outcomes are
due to disease or ADEs of therapies.
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Certainty of evidence
What is the overall certainty of the evidence of effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

● Very low
○ Low
○ Moderate
○ High
○ No included studies

Very low quality evidence, including registry data.

Heterogeneous evidence in terms of populations studied and
interventions used (e.g.. dose, drug). Small studies.

Values
Is there important uncertainty about or variability in how much people value the main outcomes?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Important uncertainty or variability
○ Possibly important uncertainty or variability
● Probably no important uncertainty or
variability
○ No important uncertainty or variability

No published data on how individuals value the main outcomes of interest.

Panel considered overall ranking as well as range of ranking. The
patient point of view was felt to be most important. There was
variability around perception of importance for the highest
ranked outcomes.n of outcome.

Panel members ranked the outcomes, from most to least important, as follows:
1. All-cause mortality
2. All CV events
3. Stroke/TIA/clinically obvious neurologic deficit
4. Platelet count recovery
5. Relapse
6. Time to relapse
7. Acute kidney injury/dialysis
8. Days in hospital or days of TPE
9. Exacerbation
10. Normal ADAMTS13 level
**Add ranges in ETD

Suggested considerations from panel members - interviews
Patients consistently valued mortality and neurocognitive function as important outcomes of interest,
in the setting of both an acute event and remission.
Minor adverse drug effects (e.g., fatigue, nausea) were identified as less important outcomes,
particularly in the setting of an acute event.
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Outcomes related to the length of treatment and the time to recovery (e.g., length of stay in hospital,
days of TPE, days to platelet recovery) were identified as less important in the setting of an acute
event. Patients expressed that if they had good clinical outcomes, they would be willing to accept
that the treatment process took more time.
Patients acknowledged that outcomes may be valued differently based on stage of life and
experiences (i.e., factors that drive situational values, which are tied to a specific context). For
example, functional outcomes may be more important to younger patients, and less important to
older patients. Patients also acknowledged that global values (i.e., core personal values, which are
tied to underlying personality) could influence the importance that patients place on outcomes. For
example, individuals who are more risk averse with regards to relapse may place more importance on
the ADAMTS13 level during remission.

Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the
comparison
● Probably favors the intervention
○ Favors the intervention
○ Varies
○ Don't know

See EPs.

We do have some data, albeit sparse and very low certainty.
Panel commented that expert treaters and non-expert treaters
may have different level of comfort with steroids and their
adverse effects, and its use in particular patients thought to be
more susceptible to adverse effects (e.g., older adults).
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Resources required
How large are the resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Large costs
○ Moderate costs
● Negligible costs and savings
○ Moderate savings
○ Large savings
○ Varies
○ Don't know

Estimates for costs of TPE
· $1,500 USD per day
· 1,750€ per day (Denmark)
· 3,000€ per day (France)
Panelists noted that in the U.S., costs for TPE (particularly patients’ out of pocket costs) could vary
significantly, depending on the insurance provider, the price negotiated with individual hospitals, and
the individual patient’s insurance coverage. Some U.S. panelists stated that the average cost per
session was slightly lower in their jurisdiction. Panelists noted that in the E.U., costs could be variable.
Panelists stated that this treatment was available in large and medium sized hospitals, or available in
only a few large, specialized hospitals in their countries. This treatment was paid for by government
(public health insurance), private health insurance, or the patient (out of pocket cost), depending on
the jurisdiction.
TPE complications
· $1800 - $13,500 USD
· EU figures TBD
Panelists noted that in the U.S., costs for this treatment (particularly patients’ out of pocket costs)
could vary significantly, depending on the insurance provider, the price negotiated with individual
hospitals, and the individual patient’s insurance coverage. Panelists noted that in the E.U., costs of
complications could range from tens of euros for mild allergic reactions to thousands of euros for
severe allergic reactions requiring ICU admission.
Estimates for costs of steroids
· $16.35 CAD daily
· $12 USD daily
· 26€ to 60€ daily (Denmark)
· 11€ daily (France)
Panelists noted that in the U.S., costs for steroids (particularly patients’ out of pocket costs) could
vary significantly, depending on the insurance provider, the price negotiated with individual hospitals,
and the individual patient’s insurance coverage. Panelists noted that in the E.U., costs could be
variable. Outpatient treatment would generally cost less.
Panelists stated that this treatment was available widely in their countries. This treatment was paid
for by government (public health insurance), private health insurance, or the patient (out of pocket
cost), depending on the jurisdiction.
Other costs
Patient panelists stated that hematologist and emergency department visits can involve a copay in
the U.S.
Patient panelists stated that laboratory tests are often fully covered by insurance, regardless of
frequency or type of assay, if they go to a preferred laboratory in the U.S.

There is a possibility that we will appreciate savings (less
antibody formation, shorter hospitalization, fewer TPE). However
this is uncertain, and the savings may be small.
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Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

○ Very low
○ Low
● Moderate
○ High
○ No included studies

ADDITIONAL CONSIDERATIONS
We know cost is low. There is a possibility that we will appreciate
savings (less antibody formation, shorter hospitalization, fewer
TPE). However this is uncertain, and the savings may be small.

Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the
comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
● No included studies

There are no published data on cost-effectiveness.

ADDITIONAL CONSIDERATIONS

Equity
What would be the impact on health equity?
JUDGEMENT

RESEARCH EVIDENCE

○ Reduced
○ Probably reduced

There are no published data on impact on health equity.

ADDITIONAL CONSIDERATIONS
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● Probably no impact
○ Probably increased
○ Increased
○ Varies
○ Don't know

Structured interviews with patient panelists explored existing inequities in the diagnosis and
treatment of TTP.
They felt inequity in diagnosis was tied to a lack of awareness of TTP; providers in more remote areas,
with less access to specialist hematologists, may not have TTP on their differential diagnosis of a
patient with an unusual presentation.
Inequity may also be impacted by patient gender, race, and/or socioeconomic status; individuals with
a subtler presentation of TTP (as opposed to the typical “Pentad”) may have their complaints
dismissed. Inequity in treatment was felt to be a major problem. Patients suggested that it was often
“luck” that determined if a patient presented to a hospital with access to healthcare providers who
recognized their disease, understood best practices around treatment, and also had access to that
treatment. Patients in rural areas, or areas not well served by a tertiary care hospital with
plasmapheresis capabilities were felt to receive inequitable treatment,
Cost of treatment was felt to be the greatest driver of inequity, particularly in countries without
robust public healthcare / pharmacare. In some jurisdictions, insurance status could impact a
patient’s ability to see appropriate doctors or go to appropriate hospitals (which may not be in their
insurance network). Patients related anecdotes that insurance company requirements prior
authorizations often delayed treatment.
Modifiers of inequity may include telehealth, outreach clinics (for patients in remission), educating
local healthcare providers to improve the awareness and early diagnosis of TTP, broader access to
TTP expertise (e.g., through appropriate implementation of evidence based recommendations that
set a baseline standard of care, pathways to consult more expert healthcare providers), and broader
access to TTP treatments (e.g., by decreasing barriers set up by insurers around cost, co-pays, and
requirement for prior authorizations). Healthcare providers were encouraged to take a broadly
consultative approach when managing TTP, due to its rarity, and the concentration of expertise and
experience in a few centres worldwide.
Structured interviews with patient panelists also explored if the intervention and comparator in this
PICO question could have an impact on health equity. They stated that the addition of treatments
that were more costly, required more expertise to administer (e.g., plasma exchange), and/or were
more difficult to access (e.g., plasma exchange, factor concentrates, caplacizumab, rituximab) could
increase inequity, widening the gap between “haves” and “have nots.”

Acceptability
Is the intervention acceptable to key stakeholders?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

There are no published data on acceptability to key stakeholders.

Physicians may not find steroids acceptable in older patients but there is scant data on this. The panel suggested that steroids
be used with caution in vulnerable populations (e.g., psychiatric
comorbidities, hypertension, diabetes mellitus, elderly).

Structured interviews with patient panelists explored acceptability in the treatment of TTP.
In general, acceptability was enhanced by treatments that had a major impact on the outcomes of
mortality and relapse prevention.
All treatments addressed in these guidelines were perceived to be acceptable to key stakeholders, as
they confirmed to patients’ and providers’ realistic wishes and expectations around efficacy, balance
of risks and benefits, and route of administration.
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Threats to steroids’ acceptability included concerns around long term side effects, however patients
acknowledged that the tapering schedule used in TTP minimized exposure to side effects.
Threats to TPE’s acceptability included concerns around transfusion associated adverse effects, and
special considerations for individuals who do not accept blood products (e.g., Jehovah’s Witnesses)

Feasibility
Is the intervention feasible to implement?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

There are no published data on feasibility.

Structured interviews with patient panelists explored feasibility of implementation.
A general acknowledgement was made that TTP is a rare and expensive disease, which requires
significant institutional and intellectual resources for both diagnosis and treatment.
Patient panelists identified potential barriers and facilitators to implementation:
· Professional factors: knowledge and skills of health care providers remains a barrier to
implementation. There is an opportunity to raise awareness of this rare disease with evidence based
recommendations with different knowledge translation strategies.
· System factors: many centers are not resourced to implement costly or expertise-intensive
diagnostic or treatment strategies, particularly for a rarely encountered disease like TTP. A “back to
basics” strategy aimed at first line providers might be useful; for example, the CBC, cheap and rapid
test, can be informative in a patient with vague symptoms. Creating an environment where nonexperts can connect to experts is also important, to accelerate and optimize TTP care.
Patient factors: patients also have a lack of awareness of TTP, and can feel overwhelmed and
unsupported. Patients often trade information online, but this information is not always reliable.
Better partnerships between MDs and patients (particularly patient support groups), and targeted
patient education may enhance uptake of this intervention.

SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM

No

Probably no

Probably yes

Yes

Varies

Don't know

DESIRABLE EFFECTS

Trivial

Small

Moderate

Large

Varies

Don't know

UNDESIRABLE EFFECTS

Large

Moderate

Small

Trivial

Varies

Don't know

CERTAINTY OF EVIDENCE

Very low

Low

Moderate

High

No included studies
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JUDGEMENT
VALUES

Important uncertainty
or variability

Possibly important
uncertainty or
variability

Probably no important
uncertainty or
variability

No important
uncertainty or
variability

BALANCE OF EFFECTS

Favors the comparison

Probably favors the
comparison

Does not favor either
the intervention or the
comparison

Probably favors the
intervention

Favors the intervention

Varies

Don't know

RESOURCES REQUIRED

Large costs

Moderate costs

Negligible costs and
savings

Moderate savings

Large savings

Varies

Don't know

Very low

Low

Moderate

High

COST EFFECTIVENESS

Favors the comparison

Probably favors the
comparison

Does not favor either
the intervention or the
comparison

Probably favors the
intervention

Favors the intervention

Varies

No included studies

EQUITY

Reduced

Probably reduced

Probably no impact

Probably increased

Increased

Varies

Don't know

ACCEPTABILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

FEASIBILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

CERTAINTY OF EVIDENCE OF

No included studies

REQUIRED RESOURCES

TYPE OF RECOMMENDATION
Strong recommendation against the
intervention

○

Conditional recommendation against the Conditional recommendation for either the
intervention
intervention or the comparison

○

○

Conditional recommendation for the
intervention

Strong recommendation for the
intervention

○

●

CONCLUSIONS
Recommendation
For patients with immune TTP experiencing a first acute event the panel recommends for adding steroids to plasmapheresis versus plasmapheresis alone. (Strong recommendation in the context of very low quality
evidence.)
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Justification
The panel commented that this may fit the first paradigm of making a strong recommendation in the setting of weak evidence – an intervention in a life threatening condition. The panel commented that exceptional
patients may be more affected by adverse effects of steroids. DISSENTING COMMENTS: consideration of duration of treatment, and panelists would be more likely to vote for a strong recommendation if shorter
duration.

Subgroup considerations
The panel suggested that steroids be used with caution in vulnerable populations (e.g., psychiatric comorbidities, hypertension, diabetes mellitus, elderly).

Implementation considerations

Monitoring and evaluation

Research priorities
The panel felt there is a specific, medium term (5 year) research priority to generate stronger evidence for this PICO question. Consider different methodologies. Consider how to improve existing research programs.
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7.1.2. Evidence Profile
Author(s): McMaster Methodology Team
Date: May 10, 2019
Question: For patients with immune TTP experiencing a first* acute event, what is the effect of TPE plus steroids compared to TPE alone on all-cause mortality, platelet count recovery, normal ADAMTS13 level, exacerbation, days in hospital/days of
TPE, relapse, time to relapse, all CV events, stroke/TIA/clinically obvious neurological deficit, acute kidney injury/dialysis, adverse events?
Setting: Hospital
Bibliography: See reference list below
Summary: Twenty-nine studies included patients with a first acute TTP event. Four studies (Jayabose 2013, Moatti-Cohen 2012, Zheng 2004, Zhou 2016) were comparative studies (case series) including patients in both treatment arms. Six studies
included patients who received TPE alone, and 19 studies included patients on TPE plus steroids. One study (Moatti-Cohen) included pregnant patients.
Two of the four comparative studies were not estimable for mortality (Jayabose, Moatti-Cohen) due to zero mortality events in both groups. Pooled results from Zheng and Zhou indicated a lower mortality rate (although the pooled analysis demonstrated
inconsistency) in patients using TPE plus steroids compared with TPE alone.
Twenty single-arm observational studies indicated similar rates of mortality between groups.
Certainty assessment

№ of studies

Study
design

Risk of
bias

Inconsistency

№ of patients

Indirectness

Imprecision
c

Effect

Other
considerations

TPE plus
steroids

TPE alone

none

5/63

8/40

Certainty

Relative
(95% CI)

Absolute
(95% CI)

OR 0.10
(0.02-0.39)

176 fewer
per 1,000
(from 195
fewer to
111 fewer)

⨁◯◯◯

-

-

⨁◯◯◯

Importance

All-cause mortality (follow up: range 1 months to 108 months)
4 11,15,28,29
(103 patients)

observational
studies
(comparative)

not
serious

serious b

15

observational
studies
(single arm,
TPE plus
steroids)

serious a

not serious

Observational
studies
(single arm,
TPE alone)

serious a

1,2,4,5,8,10,12,14,16,17,21,22,24,26,27

(268 patients)

5 13,19,20,23,25
(150 patients)

not serious

not serious

not serious

not serious

not serious

-

-

none

none

24/268
Pooled
estimate 6%
(95% CI 2%10%)

-

-

13/150
Pooled
estimate 7%
(95% CI 2%13%)

-

18/26

OR 10.43
(2.5742.31)

VERY LOW

VERY LOW

-

⨁◯◯◯
VERY LOW

Platelet count recovery (follow up: range 1 months to 12 years) d
3 11,28,29
(74 patients)

observational
studies
(comparative)

not
serious

serious b

not serious

not serious

none

43/48

267 more
per 1,000
(from 160
more to
297 more)

⨁◯◯◯
VERY LOW
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Certainty assessment

№ of patients

Study
design

Risk of
bias

Inconsistency

Indirectness

11 1-3,8,10,12,14,16,18,26,27
(158 patients)

observational
studies
(single arm,
TPE plus
steroids)

serious a

serious b

not serious

3 19,23,25
(84 patients)

observational
studies
(single arm,
TPE alone)

serious a

№ of studies

not serious

not serious

Imprecision
c

-

-

Other
considerations

TPE plus
steroids

none

none

Effect

Certainty

TPE alone

Relative
(95% CI)

Absolute
(95% CI)

128/158
Pooled
estimate
85% (95% CI
67%-97%)

-

-

-

-

66/84
Pooled
estimate 80%
(95% CI
70%-88%)

-

6/18
Pooled
estimate
28% (95%
CI 8%-53%)

-

-

11/49
Pooled
estimate
22% (95% CI
9%-37%)

-

-

Importance

⨁◯◯◯
VERY LOW

-

⨁◯◯◯
VERY LOW

Normal ADAMTS13 activity levels (follow up: 30 days)
2 2,3
(18 patients)

observational
studies
(single arm,
TPE plus
steroids)

serious a

not serious

not serious

-

none

-

⨁◯◯◯
VERY LOW

Exacerbation (follow up: range 1 months to 72 months)
4 3,4,22,27
(49 patients)

observational
studies
(single arm,
TPE plus
steroids)

serious a

1 25
(25 patients)

observational
studies
(single arm,
TPE alone)

serious a

not serious

-

not serious

not serious

-

-

none

none

not
estimable

-

13/25
Pooled
estimate 52%
(95% CI
33%-70%)

-

-

76 patients
Mean 18-20
days
Range 5-62
days

-

-

2/11

0/14

⨁◯◯◯
VERY LOW

⨁◯◯◯
VERY LOW

Days in hospital/days of TPE (up to 3.5 years)
2 21,24
(76 patients)

observational
studies
(single arm,
TPE plus
steroids)

serious a

not serious

not serious

-

none

-

⨁◯◯◯
VERY LOW

Relapse (follow up: range 1 months to 12 years)
2 11,28
(25 patients)

observational
studies
(comparative)

not
serious

not serious

not serious

not serious

none

OR 42.52
(1.72 to
1051.26)

-

⨁⨁◯◯
LOW
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Certainty assessment
Study
design

Risk of
bias

Inconsistency

Indirectness

observational
studies
(single arm,
TPE plus
steroids)

serious a

serious b

not serious

observational
studies
(single arm,
TPE alone)

serious a

№ of studies
14 1,4,6,8,12,14,16-18,
21,22,24,26,27

(224 patients)

3 20,23,25
(85 patients)

№ of patients

serious b

not serious

Imprecision
c

-

-

Other
considerations

TPE plus
steroids

none

none

Effect

Certainty

TPE alone

Relative
(95% CI)

Absolute
(95% CI)

57/224
Pooled
estimate
20% (95% CI
9%-32%)

-

-

-

-

9/85
Pooled
estimate 12%
(95% CI 0%53%)

-

30 patients**
Median TTR
18 mo to 3.1
y, range 3
mo to 5.9 y.

-

-

1/5
Pooled
estimate
20% (95% CI
4%-62%)

-

-

1/25
Pooled
estimate 4%
(95% CI 1%20%)

Importance

⨁◯◯◯
VERY LOW

-

⨁◯◯◯
VERY LOW

Time to relapse (follow up: range 1 years to 11 years)
2 17,21
(30 patients)†

observational
studies
(single arm,
TPE plus
steroids)

serious a

not serious

not serious

-

none

-

⨁◯◯◯
VERY LOW

All CV events – not reported
1 12
(5 patients)

observational
studies
(single arm,
TPE plus
steroids)

serious a

1 25
(25 patients)

observational
studies
(single arm,
TPE alone)

serious a

REGISTRY DATA (7
registries)50,51,52,53,54,55,56

(single arm,
TPE plus
steroids)

REGISTRY DATA (3
registries)50,55,56

(single arm,
TPE alone)

-

-

not serious

not serious

-

-

-

-

-

-

⨁◯◯◯
VERY LOW

-

-

⨁◯◯◯
VERY LOW

24/173¥
Range 2.4%
- 56.3%
1/11
Range 0%33.3%

Stroke/TIA/clinically obvious neurological deficit (follow up: up to 1 month)
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Certainty assessment
Study
design

Risk of
bias

1 15
(29 patients)

observational
studies
(comparative)

19
(13 patients)

17
(5 patients)

№ of studies

№ of patients
Imprecision

Other
considerations

TPE plus
steroids

TPE alone

Absolute
(95% CI)

none

1/15§

1/14§

OR 0.93
(0.06 to
15.69)

5 fewer per
1,000
(from 67
fewer to
475 more)

-

-

-

-

2/5
Pooled
estimate 40%
(95% CI
12%-77%)

-

-

1/15‡

0/14‡

OR 6.91
(0.14 to
349.18)

-

Indirectness

not
serious

-

not serious

observational
studies
(single arm,
TPE plus
steroids)

serious a

-

not serious

-

4/13***
Pooled
estimate
31% (95% CI
13%-58%)

observational
studies
(single arm,
TPE alone)

serious a

-

not serious

-

-

not serious

not serious

not serious

Certainty

Relative
(95% CI)

Inconsistency

c

Effect

Importance

⨁⨁◯◯
LOW

Acute kidney injury/dialysis (follow-up: unclear)
1 15
(29 patients)

observational
studies
(comparative)

serious e

1 25
(18 patients)

observational
studies
(single arm,
TPE plus
steroids)

serious a

-

not serious

-

not serious

-

none

⨁◯◯◯
VERY LOW

5/18
Pooled
estimate
28% (95% CI
12%-51%)

-

-

-

21/89
Pooled
estimate
27% (95% CI
0%-79%)

-

-

-

-

0/61
Pooled
estimate 0%
(95% CI 0%6%)

Adverse events (mild to moderate) (follow up: range 1 months to 72 months)
5 4,14,22,24,27
(89 patients)

observational
studies
(single arm,
TPE plus
steroids)

serious a

serious b

none

⨁◯◯◯
VERY LOW

Serious adverse events (follow up: 6 months)
1 20
(61 patients)

observational
studies
(single arm,
TPE alone)

serious a

-

not serious

-

none

-

-

⨁◯◯◯
VERY LOW

Adverse events (in other non-TTP populations)
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Certainty assessment

№ of studies
20 30-49

Study
design

Risk of
bias

Systematic
reviews and
observational
studies

not
serious

№ of patients

Inconsistency

Indirectness

not serious

serious e

Imprecision
c

not serious

Other
considerations

TPE plus
steroids

none

TPE per
procedure:
18321
procedures
(3646
patients
treated)
Range 3.9%17%
TPE per
patient:
55/124
Range
19.5%-60.6%
Steroids per
patient:
335/867
Range 31%51%

TPE: 93/373
Range
23.8%-29.6%
Steroids:
257/2183
Range 1.8%37.0%

Effect

Certainty

Relative
(95% CI)

Absolute
(95% CI)

TPE per
procedure:
18321
procedures
(3646
patients
treated)
Range 3.9%17%
TPE per
patient:
55/124
Range
19.5%-60.6%

-

-

TPE: 93/373
Range
23.8%-29.6%

-

TPE alone

Importance

⨁⨁⨁◯
MODERATE

Serious adverse events (in other non-TTP populations)
20 30-49

Systematic
reviews and
observational
studies

not
serious

not serious

serious e

not serious

none

-

⨁⨁⨁◯
MODERATE

CI: Confidence interval; OR: Odds ratio; TPE: Plasma exchange; SD: Standard deviation; TIA: Transient ischemic attack
* Note that majority of study patients experienced a first TTP event, but some studies include up to 20% relapsed patients. Elected not to rate down for indirectness for this alone; studies with over 20% relapsed patients as well as patients with a first event
were included in acute event analysis.
** Page reported 9 relapses of 21 patients receiving TPE and steroids with median time to relapse 3.1 y (range 0.4-5.9 y). Scully reported 21 relapses in 38 patients receiving TPE plus steroids with median time to relapse 18 months (range 3 to 60 months).
† 30 patients out of 59 total patients relapsed. The remaining 29 patients were censored.
§ Moatti-Cohen et al 2012 report a series of 29 patients with a first TTP event during pregnancy. 1/15 patients receiving TPE plus steroids and 1/14 patients receiving TPE alone developed "neurologic sequellae".
*** Gasparovic 2001 reports a series of 13 patients with a first TTP event. The nature of neurological events were not specified: “CNS manifestations were confirmed in 11 patients at admission… and two weeks later neurologic lesions were present in four patients.”
‡ Moatti-Cohen et al 2012 report a series of 29 patients with a first TTP event during pregnancy. 1/15 patients receiving TPE plus steroids and 0/14 patients receiving TPE alone developed "renal sequellae".
¥ Data reported in the registry may also have been reported, in whole or in part, in published literature.

Explanations
a. Risk of bias assessed as serious for non-comparative studies, Including case series and single arm studies.
b. Inconsistency considered serious if all three of following criteria are met: confidence intervals minimally overlapping; statistical test for heterogeneity shows a low P value (<0.05); and I 2 is >60%
c. Note that a pooled estimate of effect could not be calculated for several outcomes. In these cases, the small number of events and subjects in included studies raises concerns about imprecision. However, certainty in evidence was already assessed as
very low, due to serious concerns about risk of bias. Therefore, certainty in the body of evidence was not further downgraded for imprecision.
d. The outcome of “platelet count recovery” was, in some cases, taken from a composite outcome of “response/remission” which, along with platelet count recovery, included normal LDH, resolution of neurologic symptoms, and/or normal laboratory values
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e. Adverse events and serious adverse events for TPE and for steroids were gathered from larger population studies including Cochrane reviews of uses of these treatments in other (non-TTP) populations. It is expected that adverse events of these
treatments will be the same regardless of the indication for treatment.
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7.2. Should rituximab added to TPE + steroids vs. TPE + steroids be used for patients with
immune TTP experiencing a first acute event?
7.2.1 EVIDENCE TO DECISION TABLE
Should rituximab added to TPE + steroids vs. TPE + steroids be used for patients with immune TTP experiencing a first acute
event?
POPULATION:

patients with immune TTP experiencing a first acute event

INTERVENTION:

rituximab added to TPE + steroids

COMPARISON:

TPE + steroids

MAIN OUTCOMES:

All-cause mortality, platelet count recovery, normal ADAMTS13 level, exacerbation, days in hospital/days of TPE, relapse, time to relapse, all CV events, stroke/TIA/clinically
obvious neurological deficit, acute kidney injury/dialysis, adverse events

SETTING:

Hospital

PERSPECTIVE:

Clinical considerations - population perspective

BACKGROUND:

Rituximab is an anti-CD20 monoclonal antibody that has had demonstrated effectiveness in other antibody-mediated autoimmune disorders. Rituximab was first introduced
in patients with refractory or exacerbated disease, with the aim of suppressing the production of anti-ADAMTS13 antibodies. Recently it has become more common to use
rituximab as a first-line therapy, on the basis that it could prevent patients from relapsing.

CONFLICT OF
INTERESTS:

ASSESSMENT
Problem
Is the problem a priority?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
○ Probably yes
● Yes
○ Varies

The panel felt this question was important because of perceived variability in
practice, and the need for synthesized data on the value of rituximab.

ADDITIONAL CONSIDERATIONS
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○ Don't know

Desirable Effects
How substantial are the desirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Trivial
○ Small
● Moderate
○ Large
○ Varies
○ Don't know

See EPs.

Panel comments that intention of rituximab is to prevent relapse
(but emphasizes that in this case, we are using it up front, in a
first acute event). Many patients with first episode do not go on
to relapse. Data on relapse is non-randomized. Some used
historical controls. Possible selection bias – is rituximab used in
more severe patients?

Undesirable Effects
How substantial are the undesirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Large
● Moderate
○ Small
○ Trivial
○ Varies
○ Don't know

See EPs.

Difficult to differentiate disease effects from drug effects. Panel
reviewed direct and indirect data.
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Certainty of evidence
What is the overall certainty of the evidence of effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

● Very low
○ Low
○ Moderate
○ High
○ No included studies

Values
Is there important uncertainty about or variability in how much people value the main outcomes?
JUDGEMENT

RESEARCH EVIDENCE

○ Important uncertainty or variability
○ Possibly important uncertainty or variability
● Probably no important uncertainty or
variability
○ No important uncertainty or variability

No published data on how individuals value the main outcomes of interest.

ADDITIONAL CONSIDERATIONS

Panel members ranked the outcomes, from most to least important, as
follows:

1. All-cause mortality
2. All CV events
3. Stroke/TIA/clinically obvious neurologic deficit
4. Platelet count recovery
5. Relapse
6. Time to relapse
7. Acute kidney injury/dialysis
8. Days in hospital or days of TPE
9. Exacerbation
10. Normal ADAMTS13 level

Suggested considerations from panel members - interviews
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Patients consistently valued mortality and neurocognitive function as important
outcomes of interest, in the setting of both an acute event and remission.
Minor adverse drug effects (e.g., fatigue, nausea) were identified as less
important outcomes, particularly in the setting of an acute event.
Outcomes related to the length of treatment and the time to recovery (e.g.,
length of stay in hospital, days of TPE, days to platelet recovery) were identified
as less important in the setting of an acute event. Patients expressed that if
they had good clinical outcomes, they would be willing to accept that the
treatment process took more time.
Patients acknowledged that outcomes may be valued differently based on
stage of life and experiences (i.e., factors that drive situational values, which
are tied to a specific context). For example, functional outcomes may be more
important to younger patients, and less important to older patients. Patients
also acknowledged that global values (i.e., core personal values, which are tied
to underlying personality) could influence the importance that patients place
on outcomes. For example, individuals who are more risk averse with regards
to relapse may place more importance on the ADAMTS13 level during
remission.

Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?
JUDGEMENT
○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the
comparison
● Probably favors the intervention
○ Favors the intervention
○ Varies
○ Don't know

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS
Are there data that mortality is lower in recurrent disease? Is
there a benefit in waiting to start rituximab, to catch patients
with more severe disease and minimize use of rituximab?
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Resources required
How large are the resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Large costs
● Moderate costs
○ Negligible costs and savings
○ Moderate savings
○ Large savings
○ Varies
○ Don't know

Estimates of rituximab costs
· $2500 - $3000 CAD per dose
· $2000 AUD per dose
· 5616€ per 2400 mg dose (Denmark)
· 4235€ per 2550 mg dose (France)
o Truxima (biosimilar) is 47% less expensive (Italian information: 500 Euros for
biosimilar)
· $2200 - $7000 USD per dose
Panelists noted that in the U.S., costs for rituximab (particularly patients’ out of
pocket costs) could vary significantly, depending on the insurance provider, the
price negotiated with individual hospitals, and the individual patient’s
insurance coverage.
Panelists stated that rituximab was either available widely, or available in large
and medium sized hospitals in their countries. This treatment was paid for by
government (public health insurance), private health insurance, or the patient
(out of pocket cost), depending on the jurisdiction.
Estimates for costs of TPE
· $1500 USD per day - machine, nurse
· 1750€ per day (Denmark) - machine, nurse
· 3000€ per day (France) - all in cost
Italy 570 Euros
Panelists noted that in the U.S., costs for TPE (particularly patients’ out of
pocket costs) could vary significantly, depending on the insurance provider, the
price negotiated with individual hospitals, and the individual patient’s
insurance coverage. Some U.S. panelists stated that the average cost per
session was slightly lower in their jurisdiction.
Panelists stated that this treatment was available in large and medium sized
hospitals, or available in only a few large, specialized hospitals in their
countries. This treatment was paid for by government (public health insurance),
private health insurance, or the patient (out of pocket cost), depending on the
jurisdiction.
TPE complications
· $1800 - $13,500 USD
· EU figures TBD
Panelists noted that in the U.S., costs for this treatment (particularly patients’
out of pocket costs) could vary significantly, depending on the insurance

A course of rituximab is 4 doses. Cost is context dependent costs vary (higher in Asia, lower in Western countries), coverage
varies, and that affects access. May save resources through
relapse reduction ultimately.
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provider, the price negotiated with individual hospitals, and the individual
patient’s insurance coverage.
Estimates for costs of steroids
· $16.35 CAD daily
· $12 USD daily
· 26€ to 60€ daily (Denmark)
· 11€ daily (France)
Panelists noted that in the U.S., costs for steroids (particularly patients’ out of
pocket costs) could vary significantly, depending on the insurance provider, the
price negotiated with individual hospitals, and the individual patient’s
insurance coverage.
Panelists stated that this treatment was available widely in their countries. This
treatment was paid for by government (public health insurance), private health
insurance, or the patient (out of pocket cost), depending on the jurisdiction.

Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?
JUDGEMENT
● Very low
○ Low
○ Moderate
○ High
○ No included studies

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS
TPE cost - Not well defined, heterogenous in terms of what was
included. Variable.
Rituximab cost - are we sure about the cost and regional
variability? (And variability within countries, such as the
U.S.?)Are we sure about the cost of side effect management?
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Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the
comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
● No included studies

There are no published data on cost-effectiveness.

ADDITIONAL CONSIDERATIONS

Equity
What would be the impact on health equity?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Reduced
● Probably reduced
○ Probably no impact
○ Probably increased
○ Increased
○ Varies
○ Don't know

There are no published data on impact on health equity.

Treatment may be given out of hospital. There are barriers to
coming to hospital, creates challenges for patients. May enhance
equity through relapse reduction,

Structured interviews with patient panelists explored existing inequities in
the diagnosis and treatment of TTP.
They felt inequity in diagnosis was tied to a lack of awareness of TTP; providers
in more remote areas, with less access to specialist hematologists, may not
have TTP on their differential diagnosis of a patient with an unusual
presentation.
Inequity may also be impacted by patient gender, race, and/or socioeconomic
status; individuals with a subtler presentation of TTP (as opposed to the typical
“Pentad”) may have their complaints dismissed. Inequity in treatment was felt
to be a major problem. Patients suggested that it was often “luck” that
determined if a patient presented to a hospital with access to healthcare
providers who recognized their disease, understood best practices around
treatment, and also had access to that treatment. Patients in rural areas, or
areas not well served by a tertiary care hospital with plasmapheresis
capabilities were felt to receive inequitable treatment,
Cost of treatment was felt to be the greatest driver of inequity, particularly in
countries without robust public healthcare / pharmacare. In some jurisdictions,
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insurance status could impact a patient’s ability to see appropriate doctors or
go to appropriate hospitals (which may not be in their insurance network).
Patients related anecdotes that insurance company requirements prior
authorizations often delayed treatment.
Modifiers of inequity may include telehealth, outreach clinics (for patients in
remission), educating local healthcare providers to improve the awareness and
early diagnosis of TTP, broader access to TTP expertise (e.g., through
appropriate implementation of evidence based recommendations that set a
baseline standard of care, pathways to consult more expert healthcare
providers), and broader access to TTP treatments (e.g., by decreasing barriers
set up by insurers around cost, co-pays, and requirement for prior
authorizations). Healthcare providers were encouraged to take a broadly
consultative approach when managing TTP, due to its rarity, and the
concentration of expertise and experience in a few centres worldwide.
Structured interviews with patient panelists also explored if the intervention
and comparator in this PICO question could have an impact on health equity.
They stated that the addition of treatments that were more costly, required
more expertise to administer (e.g., plasma exchange), and/or were more
difficult to access (e.g., plasma exchange, factor concentrates, caplacizumab,
rituximab) could increase inequity, widening the gap between “haves” and
“have nots.”

Acceptability
Is the intervention acceptable to key stakeholders?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know

There are no published data on acceptability to key stakeholders.

ADDITIONAL CONSIDERATIONS

Structured interviews with patient panelists explored acceptability in the
treatment of TTP.
In general, acceptability was enhanced by treatments that had a major impact
on the outcomes of mortality and relapse prevention.
All treatments addressed in these guidelines were perceived to be acceptable
to key stakeholders, as they confirmed to patients’ and providers’ realistic
wishes and expectations around efficacy, balance of risks and benefits, and
route of administration.
Threats to rituximab’s acceptability included concerns about cost and access
(which is often limited to individuals with insurance, and individuals under the
care of expert healthcare providers with experience giving the drug).
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Threats to steroids’ acceptability included concerns around long term side
effects, however patients acknowledged that the tapering schedule used in TTP
minimized exposure to side effects.
Threats to TPE’s acceptability included concerns around transfusion associated
adverse effects, and special considerations for individuals who do not accept
blood products (e.g., Jehovah’s Witnesses)

Feasibility
Is the intervention feasible to implement?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
○ Probably yes
○ Yes
● Varies
○ Don't know

There are no published data on feasibility.

Insurance varies geographically. Access can be a concern if
patients have to come back for infusion.

Structured interviews with patient panelists explored feasibility of
implementation.
A general acknowledgement was made that TTP is a rare and expensive
disease, which requires significant institutional and intellectual resources for
both diagnosis and treatment.
Patient panelists identified potential barriers and facilitators to
implementation:
· Professional factors: knowledge and skills of health care providers remains a
barrier to implementation. There is an opportunity to raise awareness of this
rare disease with evidence based recommendations with different knowledge
translation strategies.
· System factors: many centers are not resourced to implement costly or
expertise-intensive diagnostic or treatment strategies, particularly for a rarely
encountered disease like TTP. A “back to basics” strategy aimed at first line
providers might be useful; for example, the CBC, cheap and rapid test, can be
informative in a patient with vague symptoms. Creating an environment where
non-experts can connect to experts is also important, to accelerate and
optimize TTP care.
· Patient factors: patients also have a lack of awareness of TTP, and can feel
overwhelmed and unsupported. Patients often trade information online, but
this information is not always reliable. Better partnerships between MDs and
patients (particularly patient support groups), and targeted patient education
may enhance uptake of this intervention.
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SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM

No

Probably no

Probably yes

Yes

Varies

Don't know

DESIRABLE EFFECTS

Trivial

Small

Moderate

Large

Varies

Don't know

UNDESIRABLE EFFECTS

Large

Moderate

Small

Trivial

Varies

Don't know

CERTAINTY OF EVIDENCE

Very low

Low

Moderate

High

VALUES

Important
uncertainty or
variability

Possibly important
uncertainty or
variability

Probably no
important
uncertainty or
variability

No important
uncertainty or
variability

BALANCE OF EFFECTS

Favors the
comparison

Probably favors the
comparison

Does not favor either
the intervention or
the comparison

Probably favors the
intervention

Favors the
intervention

Varies

Don't know

RESOURCES REQUIRED

Large costs

Moderate costs

Negligible costs and
savings

Moderate savings

Large savings

Varies

Don't know

Very low

Low

Moderate

High

COST EFFECTIVENESS

Favors the
comparison

Probably favors the
comparison

Does not favor either
the intervention or
the comparison

Probably favors the
intervention

Favors the
intervention

Varies

No included studies

EQUITY

Reduced

Probably reduced

Probably no impact

Probably increased

Increased

Varies

Don't know

ACCEPTABILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

FEASIBILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

CERTAINTY OF EVIDENCE OF

No included studies

No included studies

REQUIRED RESOURCES

TYPE OF RECOMMENDATION
Strong recommendation against the
intervention

Conditional recommendation against Conditional recommendation for either Conditional recommendation for the
the intervention
the intervention or the comparison
intervention

Strong recommendation for the
intervention
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○

○

○

●

○

CONCLUSIONS
Recommendation
For patients with immune TTP experiencing a first acute event the panel suggests for adding rituximab to steroids and plasmapheresis versus steroids and plasmapheresis.

Justification
System change is necessary to improve equity.

Subgroup considerations
Data on patients with severe autoimmune disorder are not available. In the absence of evidence, clinicians may consider more strongly the use of rituximab in these patients. Similarly, patients with
severe disease may benefit more from rituximab.

Implementation considerations
Non-expert treaters need guidance on cardiovascular involvement and rituximab use. The panel felt that cardiac involvement is not a concern / contraindication (and notes that 50% of patients
with TTP have cardiac involvement). They also acknowledge it is difficult to know if cardiac toxicity is from disease or drug.
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Monitoring and evaluation

Research priorities
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7.2.2 Evidence profile
Author(s): McMaster Methodology Team
Date: May 10, 2019
Question: For patients with immune TTP experiencing a first* acute event, what is the effect of rituximab plus TPE plus steroids compared to TPE plus steroids on all-cause mortality, platelet count recovery, normal ADAMTS13 level, exacerbation,
days in hospital/days of TPE, relapse, time to relapse, all CV events, stroke/TIA/clinically obvious neurological deficit, acute kidney injury/dialysis, adverse events?
Setting: Hospital
Bibliography: See reference List
Summary: Thirty studies included patients receiving rituximab for a first acute event.
Six studies compared patients who had received rituximab to patients receiving TPE plus steroids. One study (Scully) compared patients using rituximab to historic controls not receiving rituximab. One study (McDonald) included pediatric patients. In
several studies, rituximab was administered to patients who did not respond to initial therapy with TPE and steroids.
Comparative studies showed no difference in mortality, platelet count recovery, or days in hospital. Fewer relapses were reported in the patients receiving rituximab. Three studies reported time to relapse. 55 out of a total of 147 in these three studies
relapsed. All non-relapsing patients were censored. Page 2016 reported 2 relapses in 16 patients receiving rituximab with patients relapsed at 2.5 and 9.9 years, and 9 relapses of 21 patients receiving no rituximab with median time to relapse 3.1 y (range
0.4-5.9 y). Scully 2011 reported 4 relapses in 27 patients receiving rituximab with median time to relapse 27 months (range 17-31 months), and 21 relapses in 38 patients not receiving rituximab with median time to relapse 18 months (range 3 to 60
months). Falter 2018 reported 5 relapses in 17 patients with rituximab who did not reach median TTR at 4000 days (11 y) and 14 of 28 patients relapsing without rituximab with median time to relapse 1337 days (3.7 y).
Fourteen studies included a single group of patients receiving rituximab. Rates of mortality and platelet count recovery were similar to those reported for rituximab in the comparative studies. A lower rate of relapse was noted in the single-arm studies.

Certainty assessment
№ of studies

Study
design

Risk of bias

№ of patients

Effect

Certainty

Inconsistency

Indirectness

Imprecision c

Other considerations

Rituximab plus
TPE plus steroids

TPE plus
steroids

Relative
(95% CI)

Absolute
(95% CI)

not serious

not serious

serious a

none

5/82 (6%)

5/85 (6%)

OR 1.10
(0.30 to 3.94)

6 more per
1,000
(from 40
fewer to 139
more)

⨁◯◯◯

-

-

⨁◯◯◯

Importance

All-cause mortality (follow up: range 2 weeks to 11 years)
4 11,13, 16,17
(167 patients)

observational
studies
(comparative)

not serious

10 1-5, 8-10,12, 20
(113 patients)

observational
studies
(single arm,
rituximab
plus TPE
plus steroids)

serious b

not serious

not serious

-

none

10/113
Pooled estimate 4%
(95% CI 0%-11%)

-

6/6 (100%)

1/1 (100%)

VERY LOW -

VERY LOW

Platelet count recovery – (follow up: up to 142 months)
111
(7 patients)

observational
studies
(comparative)

not serious

-

not serious e

-

none

Not estimable

-

⨁◯◯◯
VERY LOW

82

ISTH Guideline for the Diagnosis and Management of Thrombotic Thrombocytopenic Purpura

Certainty assessment
№ of studies

Study
design

№ of patients

Risk of bias

Inconsistency

Indirectness

Imprecision c

Other considerations

serious d

not serious e

-

none

13 1,3-6,8-10,12-13,15,18
(129 patients)

observational
studies
(single arm,
rituximab
plus TPE
plus steroids)

serious b

1 14
(31 patients)

observational
studies
(single arm,
TPE plus
steroids)

serious b

-

not serious e

-

Rituximab plus
TPE plus steroids

Effect

TPE plus
steroids

115/129
Pooled estimate
86% (95% CI 67%99%)

none

Certainty

Relative
(95% CI)

Absolute
(95% CI)

-

-

Importance

⨁◯◯◯
VERY LOW

31/31 (100%)

⨁◯◯◯
VERY LOW

Normal ADAMTS13 level (follow up: up to 142 months)
10 1,3,6,8-12,15,18
(91 patients)

observational
studies
(single arm,
rituximab
plus TPE
plus steroids)

serious b

not serious

not serious

-

none

81/91
Pooled estimate
94% (95% CI 84%100%)

-

-

3/46
Pooled estimate 6%
(95% CI 1%-16%)

-

58 patients
Mean 16.5-22.9
days

76 patients
Mean 18-20
days

-

16/95 (17%)

53/136 (39%)

OR 0.27
(0.15 to 0.48)

-

⨁◯◯◯
VERY LOW

Exacerbation (follow up: 30 days)
2 1,8
(46 patients)

observational
studies
(single arm,
rituximab
plus TPE
plus steroids)

serious b

not serious

not serious

-

none

-

-

⨁◯◯◯
VERY LOW

Days in hospital/days of TPE (follow up: 3.5 years)
2 16,17
(134 patients)

observational
studies
(comparative)

not serious

serious d

not serious

not serious

none

MD 0.39
days more
(7.82 fewer
to 8.60
more)

⨁⨁◯◯

253 fewer
per 1,000
(from 317
fewer to 160
fewer)

⨁◯◯◯

LOW

Relapse (follow up: range 6 months to 142 months)
67,11,13,14,16,17
(231 patients)

observational
studies
(comparative)

not serious

not serious

not serious

not serious

none

VERY LOW
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Certainty assessment
№ of studies
111-3,5,6,8-10,12,15,16,18,19
(111 patients)

Study
design
observational
studies
(single arm,
rituximab
plus TPE
plus steroids)

№ of patients

Risk of bias

Inconsistency

Indirectness

Imprecision c

Other considerations

serious b

not serious

not serious

-

none

Effect

Certainty

Rituximab plus
TPE plus steroids

TPE plus
steroids

Relative
(95% CI)

Absolute
(95% CI)

7/111
Pooled estimate 2%
(95% CI 0%-8%)

-

-

--

11 patients
Range 17 months to
>11 years

44 patients
Median 18
months to 3.7
years (range 3
months to 5.9
years)

Importance

⨁◯◯◯
VERY LOW

Time to relapse in months (follow up: up to 11 years)
3 7,13,16
(55 patients)†

observational
studies
(comparative)

REGISTRY DATA (5
registries)43,44,46,47,49

(single arm,
rituximab
plus TPE and
steroids)

REGISTRY DATA (6
registries)43,44,45,46,47,49

(single arm,
TPE and
steroids)

not serious

serious d

not serious

not serious

none

-

-

⨁⨁◯◯
LOW

(15/127 relapsed
patients43,44,45,46,47,49)
¥
Median 6.6-120
months
Total range across
registries 6.6-120
months
(69/283 relapsed
patients)
Median 1-24
months
Total range
across registries
1-170 months

All CV events (follow up: 2 weeks)
19
(11 patients)

observational
studies
(single arm,
rituximab
plus TPE
plus steroids)

REGISTRY DATA (5
registries)43,44,45,48,49

(single arm,
rituximab
plus TPE and
steroids)

REGISTRY DATA (6
registries)43,44,45,47,48,49

(single arm,
TPE and
steroids)

serious b

-

not serious

-

none

1/11 **
Pooled estimate 9%
(95% CI 2%-38%)

-

-

-

⨁◯◯◯
VERY LOW

12/76
Range 0.0% - 63.6%

19/117
Range 0.0%56.3%
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Certainty assessment
№ of studies

Study
design

Risk of bias

Inconsistency

№ of patients

Indirectness

Imprecision c

Other considerations

not serious

-

none

Effect

Certainty

Rituximab plus
TPE plus steroids

TPE plus
steroids

Relative
(95% CI)

Absolute
(95% CI)

3/64
Pooled estimate 5%
(95% CI 0%-12%)

-

-

-

1/55 (1.8%)‡
Pooled estimate 0%
(95% CI 0%-5%)

-

17/86
Pooled estimate
17% (95% CI 2%39%)

-

Rituximab per
patient: 68/69
(98.6%)
TPE per procedure:
18321 procedures
(3646 patients
treated)
Range 3.9%-17%
TPE per patient:
55/124
Range 19.5%-60.6%
Steroids per patient:
335/867
Range 31%-51%

TPE per
procedure:
18321
procedures
(3646 patients
treated)
Range 3.9%17%
TPE per patient:
55/124
Range 19.5%60.6%

Importance

Stroke/TIA/clinically obvious neurological deficit (follow up: 1 years)
2 1.16
(64 patients)

observational
studies
(single arm,
rituximab
plus TPE
plus steroids)

serious b

not serious

⨁◯◯◯
VERY LOW

Acute kidney injury / dialysis (follow up: up to 1 year)
2 9,16
(55 patients)

observational
studies
(single arm,
rituximab
plus TPE
plus steroids)

serious b

not serious

not serious

-

none

-

-

⨁◯◯◯
VERY LOW

Adverse events (follow up: up to 84 months)
9 2,3,5,6,8-10,12,18
(86 patients)

observational
studies
(single arm,
rituximab
plus TPE
plus steroids)

not serious

serious d

not serious

-

none

-

-

⨁◯◯◯
VERY LOW

Adverse events (in other non-TTP populations)
22 21-42

Systematic
reviews and
observational
studies

not serious

not serious

serious f

not serious

none

-

-

⨁⨁⨁◯
MODERATE

Serious adverse events (in other non-TTP populations)

85

ISTH Guideline for the Diagnosis and Management of Thrombotic Thrombocytopenic Purpura

Certainty assessment
№ of studies
22 21-42

Study
design
Systematic
reviews and
observational
studies

№ of patients

Risk of bias

Inconsistency

Indirectness

Imprecision c

Other considerations

not serious

not serious

serious f

not serious

none

Effect

Certainty

Rituximab plus
TPE plus steroids

TPE plus
steroids

Relative
(95% CI)

Absolute
(95% CI)

Rituximab: 367/1261
Range 13.0%-30.4%
TPE: 93/373
Range 23.8%-29.6%
Steroids: 257/2183
Range 1.8%-37.0%

TPE: 93/373
Range 23.8%29.6%

-

-

Importance

⨁⨁⨁◯
MODERATE

CI: Confidence interval; MD: Mean difference; OR: Odds ratio; TPE: Plasma exchange; TIA: Transient ischemic attack
* Note that majority of study patients experienced a first TTP event, but some studies include up to 20% relapsed patients. Elected not to rate down for indirectness for this alone; studies with over 20% relapsed patients as well as patients with a first event
were included in acute event analysis.
** Jasti et al 2008 reported one myocardial infarction leading to death in a series of 11 patients. This patient is also counted in the outcome “all-cause mortality”.
† 36 out of a total of 114 in these three studies relapsed. All non-relapsing patients were censored. Page reported 2 relapses in 16 patients receiving rituximab with patients relapsed at 2.5 and 9.9 years, and 9 relapses of 21 patients receiving no rituximab
with median time to relapse 3.1 y (range 0.4-5.9 y). Scully reported 4 relapses in 27 patients receiving rituximab with median time to relapse 27 months (range 17-31 months), and 21 relapses in 38 patients not receiving rituximab with median time to
relapse 18 months (range 3 to 60 months). Falter reported 5 relapses in 17 patients with rituximab who did not reach median TTR at 4000 days (11 y) and 14 of 28 patients relapsing without rituximab with median time to relapse 1337 days (3.7 y).
‡Scully et al 2011 reported no cases of acute anuric/oliguric renal failure in a series of 40 patients. Jasti et al 2008 reported one case of severe renal failure in a series of 11 patients.
¥ Data reported in the registry may also have been reported, in whole or in part, in published literature.

Explanations
a. Rated down for imprecision as confidence interval (CI) crosses clinical decision threshold between recommending and not recommending treatment
b. Risk of bias assessed as serious for non comparative studies, Including case series and single-arm studies
c. Note that a pooled estimate of effect could not be calculated for several outcomes. In these cases, the small number of events and subjects in included studies raises concerns about imprecision. However, certainty in evidence was already assessed as
very low, due to serious concerns about risk of bias. Therefore, certainty in the body of evidence was not further downgraded for imprecision
d. Inconsistency considered serious if all three of following criteria are met: confidence intervals minimally overlapping; statistical test for heterogeneity shows a low P value (<0.05); and I2 is >60%
e. The outcome of “platelet count recovery” was, in some cases, taken from a composite outcome of “response/remission” which, along with platelet count recovery, included normal LDH, resolution of neurologic symptoms, and/or normal laboratory values
f. Adverse events and serious adverse events for TPE and for steroids were gathered from larger population studies including Cochrane reviews of uses of these treatments in other (non-TTP) populations. It is expected that adverse events of these
treatments will be the same regardless of the indication for treatment
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7.3. Should TPE plus steroids vs TPE alone be used for patients with immune TTP experiencing a
relapse?
7.3.1. Evidence to Decision Table

Should TPE plus steroids vs. TPE alone be used for patients with immune TTP experiencing a relapse?
POPULATION:

patients with immune TTP experiencing a relapse

INTERVENTION:

TPE plus steroids

COMPARISON:

TPE alone

MAIN OUTCOMES:

All-cause mortality, platelet count recovery, normal ADAMTS13 level, exacerbation, days in hospital/days of TPE, relapse, time to relapse, all CV events, stroke/TIA/clinically
obvious neurological deficit, acute kidney injury/dialysis, adverse events

SETTING:

Hospital

PERSPECTIVE:

Clinical considerations - population perspective

BACKGROUND:

Therapeutic plasma exchange (TPE) is the standard of care treatment for patients with immune TTP, reducing mortality from 80-90% to 20% or less.
Corticosteroids are routinely used as an adjunct to TPE, based on the autoimmune characteristics of the disease. However, data are lacking for the efficacy of steroids in the
treatment of TTP.

CONFLICT OF
INTERESTS:

ASSESSMENT
Problem
Is the problem a priority?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
○ Probably yes
● Yes

The panel felt this question was important because of perceived variability in
practice, and the need for synthesized data on the value of steroids.

Important to clarify use of steroids in this setting - different than
acute TTP first event. **Clinicians may have concerns about
using steroids again if the patient relapsed after using steroids
for first event
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○ Varies
○ Don't know

Desirable Effects
How substantial are the desirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Trivial
○ Small
● Moderate
○ Large
○ Varies
○ Don't know

See EPs.

Scant evidence, often single arm. Registry data. Evidence less
than in acute first event. Challenging to anticipate prognosis and
severity of a relapsed episode.

Indirect evidence (from first event) informed this decision.

Undesirable Effects
How substantial are the undesirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Large
● Moderate
○ Small
○ Trivial
○ Varies
○ Don't know

See EPs.

Patient now being exposed to longer duration of steroids in total.
(Versus use just in first event.) Raises increased concerns for
ADEs - steroid ADEs more pronounced with multiple courses of
high dose, especially with subsequent events. Patients may be
less willing to tolerate ADEs with subsequent relapses. With
subsequent relapses, can consider ancillary therapies instead of
steroids.

Indirect evidence (from first event) informed this decision.
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Certainty of evidence
What is the overall certainty of the evidence of effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

● Very low
○ Low
○ Moderate
○ High
○ No included studies

Values
Is there important uncertainty about or variability in how much people value the main outcomes?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Important uncertainty or variability
○ Possibly important uncertainty or variability
● Probably no important uncertainty or
variability
○ No important uncertainty or variability

No published data on how individuals value the main outcomes of interest.

Text

Panel members ranked the outcomes, from most to least important, as
follows:
1. All-cause mortality
2. All CV events
3. Stroke/TIA/clinically obvious neurologic deficit
4. Platelet count recovery
5. Relapse
6. Time to relapse
7. Acute kidney injury/dialysis
8. Days in hospital or days of TPE
9. Exacerbation
10. Normal ADAMTS13 level

Suggested considerations from panel members - interviews
Patients consistently valued mortality and neurocognitive function as important
outcomes of interest, in the setting of both an acute event and remission.
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Minor adverse drug effects (e.g., fatigue, nausea) were identified as less
important outcomes, particularly in the setting of an acute event.
Outcomes related to the length of treatment and the time to recovery (e.g.,
length of stay in hospital, days of TPE, days to platelet recovery) were identified
as less important in the setting of an acute event. Patients expressed that if
they had good clinical outcomes, they would be willing to accept that the
treatment process took more time.
Patients acknowledged that outcomes may be valued differently based on
stage of life and experiences (i.e., factors that drive situational values, which
are tied to a specific context). For example, functional outcomes may be more
important to younger patients, and less important to older patients. Patients
also acknowledged that global values (i.e., core personal values, which are tied
to underlying personality) could influence the importance that patients place
on outcomes. For example, individuals who are more risk averse with regards
to relapse may place more importance on the ADAMTS13 level during
remission.

Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the
comparison
● Probably favors the intervention
○ Favors the intervention
○ Varies
○ Don't know
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Resources required
How large are the resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

○ Large costs
○ Moderate costs
● Negligible costs and savings
○ Moderate savings
○ Large savings
○ Varies
○ Don't know

Estimates for costs of TPE
· $1500 USD per day
· 1750€ per day (Denmark)
· 3000€ per day (France)
Panelists noted that in the U.S., costs for TPE (particularly patients’ out of
pocket costs) could vary significantly, depending on the insurance provider, the
price negotiated with individual hospitals, and the individual patient’s
insurance coverage. Some U.S. panelists stated that the average cost per
session was slightly lower in their jurisdiction.
Panelists stated that this treatment was available in large and medium sized
hospitals, or available in only a few large, specialized hospitals in their
countries. This treatment was paid for by government (public health insurance),
private health insurance, or the patient (out of pocket cost), depending on the
jurisdiction.
TPE complications
· $1800 - $13,500 USD
· EU figures TBD
Panelists noted that in the U.S., costs for this treatment (particularly patients’
out of pocket costs) could vary significantly, depending on the insurance
provider, the price negotiated with individual hospitals, and the individual
patient’s insurance coverage.
Estimates for costs of steroids
· $16.35 CAD daily
· $12 USD daily
· 26€ to 60€ daily (Denmark)
· 11€ daily (France)
Panelists noted that in the U.S., costs for steroids (particularly patients’ out of
pocket costs) could vary significantly, depending on the insurance provider, the
price negotiated with individual hospitals, and the individual patient’s
insurance coverage.
Panelists stated that this treatment was available widely in their countries. This
treatment was paid for by government (public health insurance), private health
insurance, or the patient (out of pocket cost), depending on the jurisdiction.

ADDITIONAL CONSIDERATIONS
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Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Very low
○ Low
○ Moderate
● High
○ No included studies

Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the
comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
● No included studies

There are no published data on cost-effectiveness.

ADDITIONAL CONSIDERATIONS
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Equity
What would be the impact on health equity?
JUDGEMENT

RESEARCH EVIDENCE

○ Reduced
○ Probably reduced
● Probably no impact
○ Probably increased
○ Increased
○ Varies
○ Don't know

There are no published data on impact on health equity.

ADDITIONAL CONSIDERATIONS

Structured interviews with patient panelists explored existing inequities in
the diagnosis and treatment of TTP.
They felt inequity in diagnosis was tied to a lack of awareness of TTP; providers
in more remote areas, with less access to specialist hematologists, may not
have TTP on their differential diagnosis of a patient with an unusual
presentation.
Inequity may also be impacted by patient gender, race, and/or socioeconomic
status; individuals with a subtler presentation of TTP (as opposed to the typical
“Pentad”) may have their complaints dismissed. Inequity in treatment was felt
to be a major problem. Patients suggested that it was often “luck” that
determined if a patient presented to a hospital with access to healthcare
providers who recognized their disease, understood best practices around
treatment, and also had access to that treatment. Patients in rural areas, or
areas not well served by a tertiary care hospital with plasmapheresis
capabilities were felt to receive inequitable treatment,
Cost of treatment was felt to be the greatest driver of inequity, particularly in
countries without robust public healthcare / pharmacare. In some jurisdictions,
insurance status could impact a patient’s ability to see appropriate doctors or
go to appropriate hospitals (which may not be in their insurance network).
Patients related anecdotes that insurance company requirements prior
authorizations often delayed treatment.
Modifiers of inequity may include telehealth, outreach clinics (for patients in
remission), educating local healthcare providers to improve the awareness and
early diagnosis of TTP, broader access to TTP expertise (e.g., through
appropriate implementation of evidence based recommendations that set a
baseline standard of care, pathways to consult more expert healthcare
providers), and broader access to TTP treatments (e.g., by decreasing barriers
set up by insurers around cost, co-pays, and requirement for prior
authorizations). Healthcare providers were encouraged to take a broadly
consultative approach when managing TTP, due to its rarity, and the
concentration of expertise and experience in a few centres worldwide.
Structured interviews with patient panelists also explored if the intervention
and comparator in this PICO question could have an impact on health equity.
They stated that the addition of treatments that were more costly, required
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more expertise to administer (e.g., plasma exchange), and/or were more
difficult to access (e.g., plasma exchange, factor concentrates, caplacizumab,
rituximab) could increase inequity, widening the gap between “haves” and
“have nots.”

Acceptability
Is the intervention acceptable to key stakeholders?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know

There are no published data on acceptability to key stakeholders.

ADDITIONAL CONSIDERATIONS

Structured interviews with patient panelists explored acceptability in the
treatment of TTP.
In general, acceptability was enhanced by treatments that had a major impact
on the outcomes of mortality and relapse prevention.
All treatments addressed in these guidelines were perceived to be acceptable
to key stakeholders, as they confirmed to patients’ and providers’ realistic
wishes and expectations around efficacy, balance of risks and benefits, and
route of administration.
Threats to steroids’ acceptability included concerns around long term side
effects, however patients acknowledged that the tapering schedule used in TTP
minimized exposure to side effects.
Threats to TPE’s acceptability included concerns around transfusion associated
adverse effects, and special considerations for individuals who do not accept
blood products (e.g., Jehovah’s Witnesses)

Feasibility
Is the intervention feasible to implement?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

There are no published data on feasibility.

ADDITIONAL CONSIDERATIONS

Structured interviews with patient panelists explored feasibility of
implementation.
A general acknowledgement was made that TTP is a rare and expensive
disease, which requires significant institutional and intellectual resources for
both diagnosis and treatment.
Patient panelists identified potential barriers and facilitators to
implementation:

96

ISTH Guideline for the Diagnosis and Management of Thrombotic Thrombocytopenic Purpura

· Professional factors: knowledge and skills of health care providers remains a
barrier to implementation. There is an opportunity to raise awareness of this
rare disease with evidence based recommendations with different knowledge
translation strategies.
· System factors: many centers are not resourced to implement costly or
expertise-intensive diagnostic or treatment strategies, particularly for a rarely
encountered disease like TTP. A “back to basics” strategy aimed at first line
providers might be useful; for example, the CBC, cheap and rapid test, can be
informative in a patient with vague symptoms. Creating an environment where
non-experts can connect to experts is also important, to accelerate and
optimize TTP care.
Patient factors: patients also have a lack of awareness of TTP, and can feel
overwhelmed and unsupported. Patients often trade information online, but
this information is not always reliable. Better partnerships between MDs and
patients (particularly patient support groups), and targeted patient education
may enhance uptake of this intervention.

SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM

No

Probably no

Probably yes

Yes

Varies

Don't know

DESIRABLE EFFECTS

Trivial

Small

Moderate

Large

Varies

Don't know

UNDESIRABLE EFFECTS

Large

Moderate

Small

Trivial

Varies

Don't know

CERTAINTY OF EVIDENCE

Very low

Low

Moderate

High

VALUES

Important
uncertainty or
variability

Possibly important
uncertainty or
variability

Probably no
important
uncertainty or
variability

No important
uncertainty or
variability

BALANCE OF EFFECTS

Favors the
comparison

Probably favors the
comparison

Does not favor either
the intervention or
the comparison

Probably favors the
intervention

Favors the
intervention

Varies

Don't know

RESOURCES REQUIRED

Large costs

Moderate costs

Negligible costs and
savings

Moderate savings

Large savings

Varies

Don't know

No included studies
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JUDGEMENT
CERTAINTY OF EVIDENCE OF

Very low

Low

Moderate

High

No included studies

COST EFFECTIVENESS

Favors the
comparison

Probably favors the
comparison

Does not favor either
the intervention or
the comparison

Probably favors the
intervention

Favors the
intervention

Varies

No included studies

EQUITY

Reduced

Probably reduced

Probably no impact

Probably increased

Increased

Varies

Don't know

ACCEPTABILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

FEASIBILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

REQUIRED RESOURCES

TYPE OF RECOMMENDATION
Strong recommendation against the
intervention

○

Conditional recommendation against Conditional recommendation for either Conditional recommendation for the
the intervention
the intervention or the comparison
intervention

○

○

○

Strong recommendation for the
intervention

●

CONCLUSIONS
Recommendation
For patients with immune TTP experiencing a relapse the panel recommends for adding steroids to plasmapheresis versus plasmapheresis alone. (Text)
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Justification
Panel emphasized risk profile / harms of steroids differs with repeated high dose long duration steroids. Pulse steroids used repeatedly (even in short duration) can carry serious ADEs. Panel
commented that rituximab can prevent relapses, avoiding this situation. Not all patients in all jurisdictions have access to high level of care, with access to ancillary therapies that prevent relapse /
repeated use of steroids. DISSENTING OPINIONS: Repeated steroid use is problematic, and is informing dissent. Concern regarding total lack of direct evidence informing a strong recommendation.
However, panel agreed that as there appears to be no difference in mortality between first and relapsed events, the indirect evidence supporting steroid use is perhaps more direct.

Subgroup considerations

Implementation considerations

Monitoring and evaluation

Research priorities
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7.3.2. Evidence profile
Author(s): McMaster Methodology Team
Date: May 10, 2019
Question: For patients with immune TTP experiencing a relapse, what is the effect of TPE plus steroids compared to TPE alone on all-cause mortality, platelet count recovery, normal ADAMTS13 level, exacerbation, days in hospital/days of TPE,
relapse, time to relapse, all CV events, stroke/TIA/clinically obvious neurological deficit, acute kidney injury/dialysis, adverse events?
Setting: Hospital
Bibliography: see reference list below
Summary: Four studies with a total of 35 patients included patients experiencing a relapse, all of which also included a separate cohort of patients with first events. One study was a comparative case series (Zheng 2003) and three were single-arm studies
including patients receiving TPE plus steroids. No studies were found for patients using TPE alone. No mortality events were observed in any studies. The comparative study included 7 patients receiving TPE and steroids and one patient receiving TPE
alone. No patients in this study died. All recovered platelet counts and all but one patient (receiving steroids) relapsed.
Certainty assessment

№ of studies

Study
design

Risk of bias

Inconsistency

№ of patients

Indirectness

Imprecisionb

Other considerations

Effect

Certainty

steroids plus
plasma
exchange

plasma
exchange alone

Relative
(95% CI)

Absolute
(95% CI)

0/7 (0%)

0/1 (0%)

Not estimable

-

Importance

All-cause mortality (follow up: range 8 months to 33 months)
13
(8 patients)

Observational
studies
(comparative)

not serious

2
(21 patients)

observational
studies
(single arm,
TPE plus
steroids

serious a

-

not serious

-

none

⨁⨁◯◯
LOW

not serious

not serious

not serious

none

0/21
Pooled estimate
0% (95% CI 0%9%)

-

7/7 (100%)

1/1 (100%)

-

-

⨁◯◯◯
VERY LOW

Platelet count recovery (follow up: range 30 days to 33 months)
13
(8 patients)

Observational
studies
(comparative)

not serious

3 1,2,4
(21 patients)

observational
studies
(single arm,
TPE plus
steroids

serious a

-

not serious c

not serious

none

not estimable

-

⨁⨁◯◯
LOW

not serious

not serious c

not serious

none

6/13
Pooled estimate
46% (95% CI
18%-75%)

-

2/13
Pooled estimate
15% (95% CI
0%-43%)

-

-

-

⨁◯◯◯
VERY LOW

Normal ADAMTS13 activity levels (follow up: 30 days)
2 1,2
(13 patients)

observational
studies
(single arm,
TPE plus
steroids)

serious a

not serious

not serious

not serious

none

-

-

⨁◯◯◯
VERY LOW

Exacerbation (follow up: 30 days)
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Certainty assessment

№ of studies

11
(6 patients)

Study
design
observational
studies
(single arm,
TPE plus
steroids

Risk of bias

serious a

Inconsistency

-

№ of patients

Indirectness

not serious

Imprecisionb

-

Other considerations

none

steroids plus
plasma
exchange

Effect

Certainty

plasma
exchange alone

Relative
(95% CI)

Absolute
(95% CI)

-

-

-

3/6
Pooled estimate
50% (95% CI
19%-81%)

Importance

⨁◯◯◯
VERY LOW

Days in hospital (follow up: 37 days)
14
(14 patients)

observational
studies
(single arm,
TPE plus
steroids

serious a

-

not serious

-

none

Median 8 days
(range 2-37
days).

-

-

-

⨁◯◯◯
VERY LOW

Relapse (follow up: range 8 months to 33 months)
13
(8 patients)

Observational
studies
(comparative)

not serious

14
(14 patients)

observational
studies
(single arm,
TPE plus
steroids

serious a

-

-

not serious

not serious

-

-

none

none

6/7 (86%)

4/14
Pooled estimate
29% (95% CI
12%-55%)

1/1 (100%)

-

OR 0.32 (0.00 to
119. 52)

Not
estimable

⨁⨁◯◯

-

-

⨁◯◯◯

LOW

VERY LOW

Time to relapse – not reported in the literature
REGISTRY DATA
(3 registries)26,27,28

(single arm,
TPE plus
steroids)

REGISTRY DATA
(1 registry)30

(single arm,
TPE alone)

(33/81 relapsed
patients 25,26,27,28)
Median 9-19
months
Total range
across registries
2-128 months
(3/4 relapsed
patients)
Median 18
months
Total range 1224 months

All CV events – not reported in the literature
REGISTRY DATA
(5
registries)25,26,27,28,29

(single arm,
TPE plus
steroids)

3/32
Range 0% 33.3%

-

-
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Certainty assessment

№ of studies

REGISTRY DATA
(2 registries)29,30

Study
design

Risk of bias

Inconsistency

№ of patients

Indirectness

Imprecisionb

Other considerations

steroids plus
plasma
exchange

Effect

plasma
exchange alone

(single arm,
TPE alone)

Relative
(95% CI)

Certainty

Importance

-

-

-

-

Absolute
(95% CI)

1/6
0%-50.0%

Stroke/TIA/clinically obvious neurological deficit – not reported in the literature
REGISTRY DATA
(3 registries)27,28,29

(single arm,
TPE plus
steroids)

REGISTRY DATA
(2 registries)29,30

(single arm,
TPE alone)

0/15
0%

1/6
0%-50.0%

Acute kidney injury/dialysis – not reported in the literature
REGISTRY DATA
(3 registries)27,28,29

(single arm,
TPE plus
steroids)

REGISTRY DATA
(2 registries)29,30

(single arm,
TPE alone)

0/15
0%

1/6
0%-50.0%

Adverse events (follow up not reported)
14
(14 patients)

observational
studies
(single arm,
TPE plus
steroids

serious a

-

not serious

-

none

0/14
Pooled estimate
0% (95% CI
0%-22%)

-

TPE per
procedure:
18321
procedures
(3646 patients
treated)
Range 3.9%17%
TPE per patient:
55/124
Range 19.5%60.6%
Steroids per
patient: 335/867
Range 31%51%

TPE per
procedure:
18321
procedures
(3646 patients
treated)
Range 3.9%17%
TPE per
patient: 55/124
Range 19.5%60.6%

-

-

⨁◯◯◯
VERY LOW

Adverse events (in other non-TTP populations)
20 5-24

Systematic
reviews and
observational
studies

not serious

not serious

serious d

not serious

none

-

-

⨁⨁⨁◯
MODERATE

Serious adverse events (in other non-TTP populations)
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Certainty assessment
Study
design

№ of studies

20 5-24

Systematic
reviews and
observational
studies

Risk of bias

not serious

Inconsistency

not serious

Indirectness

serious d

№ of patients

Imprecisionb

not serious

Other considerations

none

steroids plus
plasma
exchange
TPE: 93/373
Range 23.8%29.6%
Steroids:
257/2183
Range 1.8%37.0%

Effect

plasma
exchange alone
TPE: 93/373
Range 23.8%29.6%

Relative
(95% CI)
-

Certainty

Importance

Absolute
(95% CI)
-

⨁⨁⨁◯
MODERATE

CI: Confidence interval

Explanations
a.
b.
c.
d.

Risk of bias assessed as serious for non-comparative studies, Including case series and single arm studies.
Note that a pooled estimate of effect could not be calculated for several outcomes. In these cases, the small number of events and subjects in included studies raises concerns about imprecision. However, certainty in evidence was already
assessed as very low, due to serious concerns about risk of bias. Therefore, certainty in the body of evidence was not further downgraded for imprecision.
The outcome of “platelet count recovery” was, in some cases, taken from a composite outcome of “response/remission” which, along with platelet count recovery, included normal LDH, resolution of neurologic symptoms, and/or normal
laboratory values
Adverse events and serious adverse events for TPE and for steroids were gathered from larger population studies including Cochrane reviews of uses of these treatments in other (non-TTP) populations. It is expected that adverse events of
these treatments will be the same regardless of the indication for treatment.
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7.4. Should rituximab added to TPE + steroids vs TPE + steroids ve used for patients with immune
TTP experiencing a relapse?
7.4.1. EVIDENCE TO DECISION TABLE
Should rituximab added to TPE + steroids vs. TPE + steroids be used for patients with immune TTP experiencing a relapse?
POPULATION:

patients with immune TTP experiencing a relapse

INTERVENTION:

rituximab added to TPE + steroids

COMPARISON:

TPE + steroids

MAIN OUTCOMES:

All-cause mortality, platelet count recovery, normal ADAMTS13 level, exacerbation, days in hospital/days of TPE, relapse, time to relapse, all CV events, stroke/TIA/clinically
obvious neurological deficit, acute kidney injury/dialysis, adverse events

SETTING:

Hospital

PERSPECTIVE:

Clinical considerations - population perspective

BACKGROUND:

Rituximab is an anti-CD20 monoclonal antibody that has had demonstrated effectiveness in other antibody-mediated autoimmune disorders. Rituximab was first introduced
in patients with refractory or exacerbated disease, with the aim of suppressing the production of anti-ADAMTS13 antibodies.

CONFLICT OF
INTERESTS:

ASSESSMENT
Problem
Is the problem a priority?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

The panel felt this question was important because of perceived variability in
practice, and the need for synthesized data on the value of rituximab.

ADDITIONAL CONSIDERATIONS
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Desirable Effects
How substantial are the desirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

○ Trivial
○ Small
● Moderate
○ Large
○ Varies
○ Don't know

ADDITIONAL CONSIDERATIONS
Scant data. Treatment effect mostly on relapse. It seems that if
patients relapse once, they tend to relapse again. Indirect data
from first event population suggests benefit in preventing
relapse.

Undesirable Effects
How substantial are the undesirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Large
● Moderate
○ Small
○ Trivial
○ Varies
○ Don't know
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Certainty of evidence
What is the overall certainty of the evidence of effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

● Very low
○ Low
○ Moderate
○ High
○ No included studies

Values
Is there important uncertainty about or variability in how much people value the main outcomes?
JUDGEMENT

RESEARCH EVIDENCE

○ Important uncertainty or variability
○ Possibly important uncertainty or variability
● Probably no important uncertainty or
variability
○ No important uncertainty or variability

No published data on how individuals value the main outcomes of interest.

ADDITIONAL CONSIDERATIONS

Panel members ranked the outcomes, from most to least important, as
follows
1. All-cause mortality
2. All CV events
3. Stroke/TIA/clinically obvious neurologic deficit
4. Platelet count recovery
5. Relapse
6. Time to relapse
7. Acute kidney injury/dialysis
8. Days in hospital or days of TPE
9. Exacerbation
10. Normal ADAMTS13 level

Suggested considerations from panel members - interviews
Patients consistently valued mortality and neurocognitive function as important
outcomes of interest, in the setting of both an acute event and remission.

107

ISTH Guideline for the Diagnosis and Management of Thrombotic Thrombocytopenic Purpura

Minor adverse drug effects (e.g., fatigue, nausea) were identified as less
important outcomes, particularly in the setting of an acute event.
Outcomes related to the length of treatment and the time to recovery (e.g.,
length of stay in hospital, days of TPE, days to platelet recovery) were identified
as less important in the setting of an acute event. Patients expressed that if
they had good clinical outcomes, they would be willing to accept that the
treatment process took more time.
Patients acknowledged that outcomes may be valued differently based on
stage of life and experiences (i.e., factors that drive situational values, which
are tied to a specific context). For example, functional outcomes may be more
important to younger patients, and less important to older patients. Patients
also acknowledged that global values (i.e., core personal values, which are tied
to underlying personality) could influence the importance that patients place
on outcomes. For example, individuals who are more risk averse with regards
to relapse may place more importance on the ADAMTS13 level during
remission.

Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?
JUDGEMENT
○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the
comparison
○ Probably favors the intervention
● Favors the intervention
○ Varies
○ Don't know

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS
In this settingwe are using rituximab in patients who have
already relapsed once (eliminates theindividuals who would
never relapse, and who perhaps have a different phenotype).
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Resources required
How large are the resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

○ Large costs
● Moderate costs
○ Negligible costs and savings
○ Moderate savings
○ Large savings
○ Varies
○ Don't know

Estimates of rituximab costs
· $2500 - $3000 CAD per dose
· $2000 AUD per dose
· 5616€ per 2400 mg dose (Denmark)
· 4235€ per 2550 mg dose (France)
o Truxima (biosimilar) is 47% less expensive
· $2200 - $7000 USD per dose
Panelists noted that in the U.S., costs for rituximab (particularly patients’ out of
pocket costs) could vary significantly, depending on the insurance provider, the
price negotiated with individual hospitals, and the individual patient’s
insurance coverage.
Panelists stated that rituximab was either available widely, or available in large
and medium sized hospitals in their countries. This treatment was paid for by
government (public health insurance), private health insurance, or the patient
(out of pocket cost), depending on the jurisdiction.
Estimates for costs of TPE
· $1500 USD per day
· 1750€ per day (Denmark)
· 3000€ per day (France)
Panelists noted that in the U.S., costs for TPE (particularly patients’ out of
pocket costs) could vary significantly, depending on the insurance provider, the
price negotiated with individual hospitals, and the individual patient’s
insurance coverage. Some U.S. panelists stated that the average cost per
session was slightly lower in their jurisdiction.
Panelists stated that this treatment was available in large and medium sized
hospitals, or available in only a few large, specialized hospitals in their
countries. This treatment was paid for by government (public health insurance),
private health insurance, or the patient (out of pocket cost), depending on the
jurisdiction.
TPE complications
· $1800 - $13,500 USD
· EU figures TBD
Panelists noted that in the U.S., costs for this treatment (particularly patients’
out of pocket costs) could vary significantly, depending on the insurance
provider, the price negotiated with individual hospitals, and the individual
patient’s insurance coverage.
Estimates for costs of steroids

ADDITIONAL CONSIDERATIONS
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· $16.35 CAD daily
· $12 USD daily
· 26€ to 60€ daily (Denmark)
· 11€ daily (France)
Panelists noted that in the U.S., costs for steroids (particularly patients’ out of
pocket costs) could vary significantly, depending on the insurance provider, the
price negotiated with individual hospitals, and the individual patient’s
insurance coverage.

Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

● Very low
○ Low
○ Moderate
○ High
○ No included studies
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Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the
comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
● No included studies

There are no published data on cost-effectiveness.

ADDITIONAL CONSIDERATIONS

Equity
What would be the impact on health equity?
JUDGEMENT

RESEARCH EVIDENCE

○ Reduced
● Probably reduced
○ Probably no impact
○ Probably increased
○ Increased
○ Varies
○ Don't know

There are no published data on impact on health equity.

ADDITIONAL CONSIDERATIONS

Structured interviews with patient panelists explored existing inequities in
the diagnosis and treatment of TTP.
They felt inequity in diagnosis was tied to a lack of awareness of TTP; providers
in more remote areas, with less access to specialist hematologists, may not
have TTP on their differential diagnosis of a patient with an unusual
presentation.
Inequity may also be impacted by patient gender, race, and/or socioeconomic
status; individuals with a subtler presentation of TTP (as opposed to the typical
“Pentad”) may have their complaints dismissed. Inequity in treatment was felt
to be a major problem. Patients suggested that it was often “luck” that
determined if a patient presented to a hospital with access to healthcare
providers who recognized their disease, understood best practices around
treatment, and also had access to that treatment. Patients in rural areas, or
areas not well served by a tertiary care hospital with plasmapheresis
capabilities were felt to receive inequitable treatment,
Cost of treatment was felt to be the greatest driver of inequity, particularly in
countries without robust public healthcare / pharmacare. In some jurisdictions,

111

ISTH Guideline for the Diagnosis and Management of Thrombotic Thrombocytopenic Purpura

insurance status could impact a patient’s ability to see appropriate doctors or
go to appropriate hospitals (which may not be in their insurance network).
Patients related anecdotes that insurance company requirements prior
authorizations often delayed treatment.
Modifiers of inequity may include telehealth, outreach clinics (for patients in
remission), educating local healthcare providers to improve the awareness and
early diagnosis of TTP, broader access to TTP expertise (e.g., through
appropriate implementation of evidence based recommendations that set a
baseline standard of care, pathways to consult more expert healthcare
providers), and broader access to TTP treatments (e.g., by decreasing barriers
set up by insurers around cost, co-pays, and requirement for prior
authorizations). Healthcare providers were encouraged to take a broadly
consultative approach when managing TTP, due to its rarity, and the
concentration of expertise and experience in a few centres worldwide.
Structured interviews with patient panelists also explored if the intervention
and comparator in this PICO question could have an impact on health equity.
They stated that the addition of treatments that were more costly, required
more expertise to administer (e.g., plasma exchange), and/or were more
difficult to access (e.g., plasma exchange, factor concentrates, caplacizumab,
rituximab) could increase inequity, widening the gap between “haves” and
“have nots.”

Acceptability
Is the intervention acceptable to key stakeholders?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know

There are no published data on acceptability to key stakeholders.

ADDITIONAL CONSIDERATIONS

Structured interviews with patient panelists explored acceptability in the
treatment of TTP.
In general, acceptability was enhanced by treatments that had a major impact
on the outcomes of mortality and relapse prevention.
All treatments addressed in these guidelines were perceived to be acceptable
to key stakeholders, as they confirmed to patients’ and providers’ realistic
wishes and expectations around efficacy, balance of risks and benefits, and
route of administration.
Threats to rituximab’s acceptability included concerns about cost and access
(which is often limited to individuals with insurance, and individuals under the
care of expert healthcare providers with experience giving the drug).
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Threats to steroids’ acceptability included concerns around long term side
effects, however patients acknowledged that the tapering schedule used in TTP
minimized exposure to side effects.
Threats to TPE’s acceptability included concerns around transfusion associated
adverse effects, and special considerations for individuals who do not accept
blood products (e.g., Jehovah’s Witnesses)

Feasibility
Is the intervention feasible to implement?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
○ Probably yes
○ Yes
● Varies
○ Don't know

There are no published data on feasibility.

ADDITIONAL CONSIDERATIONS

Structured interviews with patient panelists explored feasibility of
implementation.
A general acknowledgement was made that TTP is a rare and expensive
disease, which requires significant institutional and intellectual resources for
both diagnosis and treatment.
Patient panelists identified potential barriers and facilitators to
implementation:
· Professional factors: knowledge and skills of health care providers remains a
barrier to implementation. There is an opportunity to raise awareness of this
rare disease with evidence based recommendations with different knowledge
translation strategies.
· System factors: many centers are not resourced to implement costly or
expertise-intensive diagnostic or treatment strategies, particularly for a rarely
encountered disease like TTP. A “back to basics” strategy aimed at first line
providers might be useful; for example, the CBC, cheap and rapid test, can be
informative in a patient with vague symptoms. Creating an environment where
non-experts can connect to experts is also important, to accelerate and
optimize TTP care.
· Patient factors: patients also have a lack of awareness of TTP, and can feel
overwhelmed and unsupported. Patients often trade information online, but
this information is not always reliable. Better partnerships between MDs and
patients (particularly patient support groups), and targeted patient education
may enhance uptake of this intervention.
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SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM

No

Probably no

Probably yes

Yes

Varies

Don't know

DESIRABLE EFFECTS

Trivial

Small

Moderate

Large

Varies

Don't know

UNDESIRABLE EFFECTS

Large

Moderate

Small

Trivial

Varies

Don't know

CERTAINTY OF EVIDENCE

Very low

Low

Moderate

High

VALUES

Important
uncertainty or
variability

Possibly important
uncertainty or
variability

Probably no
important
uncertainty or
variability

No important
uncertainty or
variability

BALANCE OF EFFECTS

Favors the
comparison

Probably favors the
comparison

Does not favor either
the intervention or
the comparison

Probably favors the
intervention

Favors the
intervention

Varies

Don't know

RESOURCES REQUIRED

Large costs

Moderate costs

Negligible costs and
savings

Moderate savings

Large savings

Varies

Don't know

Very low

Low

Moderate

High

COST EFFECTIVENESS

Favors the
comparison

Probably favors the
comparison

Does not favor either
the intervention or
the comparison

Probably favors the
intervention

Favors the
intervention

Varies

No included studies

EQUITY

Reduced

Probably reduced

Probably no impact

Probably increased

Increased

Varies

Don't know

ACCEPTABILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

FEASIBILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

CERTAINTY OF EVIDENCE OF

No included studies

No included studies

REQUIRED RESOURCES

TYPE OF RECOMMENDATION
Strong recommendation against the
intervention

Conditional recommendation against Conditional recommendation for either Conditional recommendation for the
the intervention
the intervention or the comparison
intervention

Strong recommendation for the
intervention
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○

○

○

●

○

CONCLUSIONS
Recommendation
For patients with immune TTP experiencing a relapse the panel suggests for adding rituximab to steroids and plasmapheresis versus steroids and plasmapheresis alone.

Justification

Subgroup considerations

Implementation considerations
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Monitoring and evaluation

Research priorities
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7.4.2. Evidence profile
Author(s): McMaster Methodology Team
Date: May 10, 2019
Question: For patients with immune TTP experiencing a relapse*, what is the effect of rituximab plus TPE plus steroids exchange compared to TPE + steroids on all-cause mortality, platelet count recovery, normal ADAMTS13 level, exacerbation, days
in hospital/days of TPE, relapse, time to relapse, all CV events, stroke/TIA/clinically obvious neurological deficit, acute kidney injury/dialysis, adverse events
Setting: Hospital
Bibliography: See reference list below
Summary: Twelve studies included patients receiving rituximab for a relapse. Nine of these studies also included a separate cohort of patients having a first event. One study (Uhl) with 29 patients compared relapsing patients receiving rituximab to those
not receiving rituximab. This study found no difference in mortality, days in hospital, or relapse rate between patients receiving and not receiving rituximab.
Eleven single-armed studies examined the use of rituximab in patients experiencing relapse. A majority of patients recovered their platelet counts and ADAMTS13 levels. 13% of patients experienced a relapse.
Certainty assessment

№ of studies

Study
design

Risk of bias

№ of patients

Effect

Certainty

Inconsistency

Indirectness

Imprecision a

Other considerations

Rituximab plus
TPE plus
steroids

TPE plus
steroids

Relative
(95% CI)

Absolute
(95% CI)

not serious

not serious

not serious

none

0/15 (0%)

0/14 (0%)

not estimable

-

Importance

All-cause mortality (follow up: up to 3.5 years)
1 10
(29 patients)

observational
studies
(comparative)

not serious

6 1,2,4,6,7,12
(32 patients)

observational
studies
(single arm,
rituximab
plus TPE and
steroids)

serious b

⨁⨁◯◯
LOW

not serious

not serious

-

none

1/32
Pooled estimate
0% (95% CI 0%8%)

-

42/43
Pooled estimate
100% (95% CI
95%-100%)

-

21/25
Pooled estimate
88% (95% CI
69%-99%)

-

-

-

⨁◯◯◯
VERY LOW

Platelet count recovery (follow up: up to 21 months) †
7 2-7,9
(43 patients)

observational
studies
(single arm,
rituximab
plus TPE and
steroids)

serious b

not serious c

not serious

-

none

-

-

⨁◯◯◯
VERY LOW

Normal ADAMTS13 – (follow up: range 1 month to 142 months)
4 3,6,8,9
(25 patients)

observational
studies
(single arm,
rituximab
plus TPE and
steroids)

serious b

not serious

not serious

-

none

-

-

⨁◯◯◯
VERY LOW

Exacerbation – not reported in the literature
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Certainty assessment

№ of studies

Study
design

REGISTRY
DATA (4
registries)36,37,39,40

(single arm,
rituximab
plus TPE and
steroids)

REGISTRY
DATA (3
registries)36,38,39

(single arm,
TPE and
steroids)

Risk of bias

Inconsistency

Indirectness

№ of patients

Imprecision a

Other considerations

Rituximab plus
TPE plus
steroids

Effect

TPE plus
steroids

Certainty

Relative
(95% CI)

Absolute
(95% CI)

MD 3.4
days more
(4.47 fewer
to 11.27
more)

⨁⨁◯◯

Importance

9/43
Range 0%-36.4%

3/12
Range 0%-33.3%

Days in hospital/days of TPE (follow up: 2 months)
1 10
(27 patients)

observational
studies
(comparative)

not serious

not serious

not serious

not serious

none

14 patients
Mean 17.59 (SD
10.19)

13 patients
Mean 14.19 (SD
10.64)

-

3/13

3/8

OR 0.51 (95% CI
0.08-3.42)

141 fewer
per 1,000
(from 329
fewer to 297
more)

⨁◯◯◯

-

-

⨁◯◯◯

LOW

Relapse (follow up: range 6 months to 13 years)
1 10
(21 patients)

observational
studies
(comparative)

not serious

8 1,3,4,5,6,8,9,11
(74 patients)

observational
studies
(single arm,
rituximab
plus TPE and
steroids)

serious b

not serious

not serious

not serious

not serious

serious c

-

none

none

8/45
Pooled estimate
13% (95% CI 0%39%)

-

VERY LOW

VERY LOW

Time to relapse - not reported in the literature
REGISTRY
DATA (3
registries)36,38,40

(single arm,
rituximab
plus TPE and
steroids)

REGISTRY
DATA (2
registries)36,38

(single arm,
TPE and
steroids)

(16/37 relapsed
patients
35,36,37,38,40)
Median 11.2-24
months
Total range
across registries
3.9-45 months
(26/65 relapsed
patients35,36,38)
Median 14-19
months
Total range
across registries
2.1-128 months
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Certainty assessment

№ of studies

Study
design

Risk of bias

Inconsistency

Indirectness

№ of patients

Imprecision a

Other considerations

Rituximab plus
TPE plus
steroids

Effect

TPE plus
steroids

Certainty

Relative
(95% CI)

Absolute
(95% CI)

OR 8.67
(0.51 to 146.74)

Not
estimable

⨁◯◯◯

-

-

⨁◯◯◯

Importance

All CV events – not reported in the literature
REGISTRY
DATA (5
registries)
35,36,37,39,40

REGISTRY
DATA (4
registries)35,36,38,39

(single arm,
rituximab
plus TPE and
steroids)

10/44
Range 0% 40.9%

(single arm,
TPE and
steroids)

2/17
Range 0.0%33.3%

Stroke /TIA/clinically obvious neurological deficit - not reported in the literature
REGISTRY
DATA (4
registries)36,37,39,40

(single arm,
rituximab
plus TPE and
steroids)

REGISTRY
DATA (3
registries)36,38,39

(single arm,
TPE and
steroids)

6/43
Range 0% 22.7%

0/15
0.0%

Acute kidney injury/dialysis - not reported in the literature
REGISTRY
DATA (4
registries)36,37,39,40

(single arm,
rituximab
plus TPE and
steroids)

REGISTRY
DATA (3
registries)36,38,39

(single arm,
TPE and
steroids)

8/43
Range 0%-27.3%

0/15
0.0%

Adverse events (follow up: range 6 months to 84 months)
1 10
(27 patients)

observational
studies
(comparative)

not serious

2 3,6
(11 patients)

observational
studies
(single arm,
rituximab
plus TPE and
steroids)

serious b

not serious

not serious

not serious

not serious

serious d

-

none

none

2/13

0/11
Pooled estimate
0% (95% CI 0%17%)

0/14

-

VERY LOW

VERY LOW

Adverse events (in other non-TTP populations)
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Certainty assessment

№ of studies

22 13-34

Study
design
Systematic
reviews and
observational
studies

№ of patients

Risk of bias

Inconsistency

Indirectness

Imprecision a

Other considerations

not serious

not serious

serious e

not serious

none

Rituximab plus
TPE plus
steroids

Effect

Certainty

TPE plus
steroids

Relative
(95% CI)

Absolute
(95% CI)

Rituximab per
patient: 68/69
(98.6%)
TPE per
procedure: 18321
procedures (3646
patients treated)
Range 3.9%-17%
TPE per patient:
55/124
Range 19.5%60.6%
Steroids per
patient: 335/867
Range 31%-51%

TPE per
procedure: 18321
procedures (3646
patients treated)
Range 3.9%-17%
TPE per patient:
55/124
Range 19.5%60.6%

-

-

Rituximab:
367/1261
Range 13.0%30.4%
TPE: 93/373
Range 23.8%29.6%
Steroids:
257/2183 Range
1.8%-37.0%

TPE: 93/373
Range 23.8%29.6%

-

Importance

⨁⨁⨁◯
MODERATE

Serious adverse events (in other non-TTP populations)
22 13-34

Systematic
reviews and
observational
studies

not serious

not serious

serious e

not serious

none

-

⨁⨁⨁◯
MODERATE

CI: Confidence interval; MD: Mean difference; OR: Odds ratio; TPE: Plasma exchange; SD: Standard deviation;TIA: Transient ischemic attack
* Note that majority of study patients experienced a relapse event, but some studies may include up to 20% patients experiencing a first TTP event. Elected not to rate down for indirectness for this alone; studies with over 20% first event patients as well as
patients with a relapse were included in acute event analysis.
† The outcome of “platelet count recovery” was, in some cases, taken from a composite outcome of “response/remission” which, along with platelet count recovery, included normal LDH, resolution of neurologic symptoms, and/or normal laboratory values

Explanations
a. Note that a pooled estimate of effect could not be calculated for several outcomes. In these cases, the small number of events and subjects in included studies raises concerns about imprecision. However, certainty in evidence was already assessed as
very low, due to serious concerns about risk of bias. Therefore, certainty in the body of evidence was not further downgraded for imprecision
b. Risk of bias assessed as serious for non-comparative studies, including case series and single-arm studies
c. The outcome of “platelet count recovery” was, in some cases, taken from a composite outcome of “response/remission” which, along with platelet count recovery, included normal LDH, resolution of neurologic symptoms, and/or normal laboratory values
d. Rated down for imprecision as confidence interval (CI) crosses clinical decision threshold between recommending and not recommending treatment.
e. Adverse events and serious adverse events for TPE and for steroids were gathered from larger population studies including Cochrane reviews of uses of these treatments in other (non-TTP) populations. It is expected that adverse events of these
treatments will be the same regardless of the indication for treatment
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7.5. Should caplacizumab vs no caplacizumab be used for patients with immune TTP experiencing
an acute event?
7.5.1. Evidence to Decision Table

Should caplacizumab vs. no caplacizumab be used for patients with immune TTP experiencing an acute event?
POPULATION:

patients with immune TTP experiencing an acute event

INTERVENTION:

caplacizumab

COMPARISON:

no caplacizumab

MAIN OUTCOMES:

All-cause mortality; Platelet count recovery; Exacerbation; Relapse; Days of plasma exchange; All CV events; Stroke/TIA/other neurological outcome; Days in hospital; Relapse
at 12 months; Days of TPE; Adverse events; Serious adverse events;

SETTING:

Hospital

PERSPECTIVE:

Clinical considerations - population perspective

BACKGROUND:

Caplacizumab is a nanobody that targets the A1 domain of VWF, preventing the formation of microthrombotic disease by blocking the interaction of VWF and platelets. The
theory behind this approach is that by inhibiting the interaction of VWF and platelets, a more rapid clinical remission could be attained with plasma-based therapy and
prevent or minimize acute and chronic complications of TTP.

CONFLICT OF
INTERESTS:

ASSESSMENT
Problem
Is the problem a priority?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
○ Probably yes
● Yes

The panel felt this question was important because of the need for synthesized
data on the value of caplacizumab.

ADDITIONAL CONSIDERATIONS
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○ Varies
○ Don't know

Desirable Effects
How substantial are the desirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Trivial
○ Small
● Moderate
○ Large
○ Varies
○ Don't know

See EPs. Create additional row for bleeding as an ADE.

Selection bias in study - mortality low in both arms of RCTs,
which is not what is seen in TTP overall. Significant effect on
exacerbation. Relapse at 12 months is increased. Caplacizumab's
mechanism of action is NOT to prevent relapse in the long term it keeps patients out of an acute event, and if stopped, a large
proportion of patients relapse. Caplacizumab does not cure
disease – it addresses symptoms. Platelet count goes up while on
the drug because consumption goes down, but it doesn't
extinguish disease process (immune stimulus).

Undesirable Effects
How substantial are the undesirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Large
● Moderate
○ Small
○ Trivial
○ Varies
○ Don't know

See EPs. Create additional row for bleeding as an ADE.

Comment on bleeding side effects – the panel felt they are
meaningful.
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Certainty of evidence
What is the overall certainty of the evidence of effects?
JUDGEMENT

RESEARCH EVIDENCE

○ Very low
○ Low
● Moderate
○ High
○ No included studies

ADDITIONAL CONSIDERATIONS
Outcome certainty ratings are between moderate and high (due
to imprecision).

Values
Is there important uncertainty about or variability in how much people value the main outcomes?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Important uncertainty or variability
● Possibly important uncertainty or variability
○ Probably no important uncertainty or
variability
○ No important uncertainty or variability

No published data on how individuals value the main outcomes of interest.

Noted that exacerbation is rated lower than relapse. Discussion
around who finds what outcomes meaningful. Patient panelists
focussed on data we currently have.

Panel members ranked the outcomes, from most to least important, as
follows:
1. All-cause mortality
2. All CV events
3. Stroke/TIA/clinically obvious neurologic deficit
4. Platelet count recovery
5. Relapse
6. Time to relapse
7. Acute kidney injury/dialysis
8. Days in hospital or days of TPE
9. Exacerbation
10. Normal ADAMTS13 level

Suggested considerations from panel members - interviews
Patients consistently valued mortality and neurocognitive function as important
outcomes of interest, in the setting of both an acute event and remission.
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Minor adverse drug effects (e.g., fatigue, nausea) were identified as less
important outcomes, particularly in the setting of an acute event.
Outcomes related to the length of treatment and the time to recovery (e.g.,
length of stay in hospital, days of TPE, days to platelet recovery) were identified
as less important in the setting of an acute event. Patients expressed that if
they had good clinical outcomes, they would be willing to accept that the
treatment process took more time.
Patients acknowledged that outcomes may be valued differently based on
stage of life and experiences (i.e., factors that drive situational values, which
are tied to a specific context). For example, functional outcomes may be more
important to younger patients, and less important to older patients. Patients
also acknowledged that global values (i.e., core personal values, which are tied
to underlying personality) could influence the importance that patients place
on outcomes. For example, individuals who are more risk averse with regards
to relapse may place more importance on the ADAMTS13 level during
remission.

Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the
comparison
● Probably favors the intervention
○ Favors the intervention
○ Varies
○ Don't know
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Resources required
How large are the resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

● Large costs
○ Moderate costs
○ Negligible costs and savings
○ Moderate savings
○ Large savings
○ Varies
○ Don't know

There are no published data on required resources.

Not widely available.

Not available in China. Not available in Japan - though trial is planned.

May reduce use of TPE (though not sure that is the correct
strategy when using this drug). Likely will not dramatically reduce
cost.

Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

● Very low
○ Low
○ Moderate
○ High
○ No included studies
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Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the
comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
● No included studies

There are no published data on cost-effectiveness.

ADDITIONAL CONSIDERATIONS

Equity
What would be the impact on health equity?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Reduced
○ Probably reduced
○ Probably no impact
○ Probably increased
○ Increased
● Varies
○ Don't know

There are no published data on impact on health equity.

No biosimilar exists.
At time of panel meeting, 8 countries have approved drug.

Structured interviews with patient panelists explored existing inequities in
the diagnosis and treatment of TTP.
They felt inequity in diagnosis was tied to a lack of awareness of TTP; providers
in more remote areas, with less access to specialist hematologists, may not
have TTP on their differential diagnosis of a patient with an unusual
presentation.
Inequity may also be impacted by patient gender, race, and/or socioeconomic
status; individuals with a subtler presentation of TTP (as opposed to the typical
“Pentad”) may have their complaints dismissed. Inequity in treatment was felt
to be a major problem. Patients suggested that it was often “luck” that
determined if a patient presented to a hospital with access to healthcare
providers who recognized their disease, understood best practices around
treatment, and also had access to that treatment. Patients in rural areas, or
areas not well served by a tertiary care hospital with plasmapheresis
capabilities were felt to receive inequitable treatment,
Cost of treatment was felt to be the greatest driver of inequity, particularly in
countries without robust public healthcare / pharmacare. In some jurisdictions,

As a subcutaneous drug, needs no special infrastructure to
administer.
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insurance status could impact a patient’s ability to see appropriate doctors or
go to appropriate hospitals (which may not be in their insurance network).
Patients related anecdotes that insurance company requirements prior
authorizations often delayed treatment.
Modifiers of inequity may include telehealth, outreach clinics (for patients in
remission), educating local healthcare providers to improve the awareness and
early diagnosis of TTP, broader access to TTP expertise (e.g., through
appropriate implementation of evidence based recommendations that set a
baseline standard of care, pathways to consult more expert healthcare
providers), and broader access to TTP treatments (e.g., by decreasing barriers
set up by insurers around cost, co-pays, and requirement for prior
authorizations). Healthcare providers were encouraged to take a broadly
consultative approach when managing TTP, due to its rarity, and the
concentration of expertise and experience in a few centres worldwide.
Structured interviews with patient panelists also explored if the intervention
and comparator in this PICO question could have an impact on health equity.
They stated that the addition of treatments that were more costly, required
more expertise to administer (e.g., plasma exchange), and/or were more
difficult to access (e.g., plasma exchange, factor concentrates, caplacizumab,
rituximab) could increase inequity, widening the gap between “haves” and
“have nots.”

Acceptability
Is the intervention acceptable to key stakeholders?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know

There are no published data on acceptability to key stakeholders.

Administered at home - self injection. Study was done with a
home nurse and then with self injection. Panel mentioned some
patients didn't want to self inject.

Structured interviews with patient panelists explored acceptability in the
treatment of TTP.
In general, acceptability was enhanced by treatments that had a major impact
on the outcomes of mortality and relapse prevention.
All treatments addressed in these guidelines were perceived to be acceptable
to key stakeholders, as they confirmed to patients’ and providers’ realistic
wishes and expectations around efficacy, balance of risks and benefits, and
route of administration.
*** Add threats to caplacizumab's acceptability
Threats to steroids’ acceptability included concerns around long term side
effects, however patients acknowledged that the tapering schedule used in TTP
minimized exposure to side effects.
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Threats to TPE’s acceptability included concerns around transfusion associated
adverse effects, and special considerations for individuals who do not accept
blood products (e.g., Jehovah’s Witnesses)

Feasibility
Is the intervention feasible to implement?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
○ Probably yes
○ Yes
● Varies
○ Don't know

There are no published data on feasibility.

Administered at home - self injection. No noted problems with
feasibility. Easy to implement - but requires teaching to patient.
Drug is still not available in many countries.

Structured interviews with patient panelists explored feasibility of
implementation.
A general acknowledgement was made that TTP is a rare and expensive
disease, which requires significant institutional and intellectual resources for
both diagnosis and treatment.
Patient panelists identified potential barriers and facilitators to
implementation:
· Professional factors: knowledge and skills of health care providers remains a
barrier to implementation. There is an opportunity to raise awareness of this
rare disease with evidence based recommendations with different knowledge
translation strategies.
· System factors: many centers are not resourced to implement costly or
expertise-intensive diagnostic or treatment strategies, particularly for a rarely
encountered disease like TTP. A “back to basics” strategy aimed at first line
providers might be useful; for example, the CBC, cheap and rapid test, can be
informative in a patient with vague symptoms. Creating an environment where
non-experts can connect to experts is also important, to accelerate and
optimize TTP care.
Patient factors: patients also have a lack of awareness of TTP, and can feel
overwhelmed and unsupported. Patients often trade information online, but
this information is not always reliable. Better partnerships between MDs and
patients (particularly patient support groups), and targeted patient education
may enhance uptake of this intervention.

SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM

No

Probably no

Probably yes

Yes

Varies

Don't know
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JUDGEMENT
DESIRABLE EFFECTS

Trivial

Small

Moderate

Large

Varies

Don't know

UNDESIRABLE EFFECTS

Large

Moderate

Small

Trivial

Varies

Don't know

CERTAINTY OF EVIDENCE

Very low

Low

Moderate

High

VALUES

Important
uncertainty or
variability

Possibly important
uncertainty or
variability

Probably no
important
uncertainty or
variability

No important
uncertainty or
variability

BALANCE OF EFFECTS

Favors the
comparison

Probably favors the
comparison

Does not favor either
the intervention or
the comparison

Probably favors the
intervention

Favors the
intervention

Varies

Don't know

RESOURCES REQUIRED

Large costs

Moderate costs

Negligible costs and
savings

Moderate savings

Large savings

Varies

Don't know

Very low

Low

Moderate

High

COST EFFECTIVENESS

Favors the
comparison

Probably favors the
comparison

Does not favor either
the intervention or
the comparison

Probably favors the
intervention

Favors the
intervention

Varies

No included studies

EQUITY

Reduced

Probably reduced

Probably no impact

Probably increased

Increased

Varies

Don't know

ACCEPTABILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

FEASIBILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

CERTAINTY OF EVIDENCE OF

No included studies

No included studies

REQUIRED RESOURCES

TYPE OF RECOMMENDATION
Strong recommendation against the
intervention

○

Conditional recommendation against Conditional recommendation for either Conditional recommendation for the
the intervention
the intervention or the comparison
intervention

○

○

●

Strong recommendation for the
intervention

○
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CONCLUSIONS
Recommendation
For patients with immune TTP experiencing an acute event (first event or relapsed) the panel suggests for using caplacizumab versus no caplacizumab.

Justification

Subgroup considerations

Implementation considerations
Patients must be managed differently when on this drug. We are seeing more relapses with caplacizumab, which requires us to ask how to protect against those relapses. While you're on
caplacizumab, you must give ancillary therapies, as the drug normalizes the platelet count without TPE until rituximab kicks in. This is a major change in treatment paradigm; previously we used TPE
+ steroids, and endpoints were platelet count and LD. In this study, we see a new treatment paradigm, where the drug prevents exacerbation until ADAMTS13 level recovers. Caplacizumab should
be used by experienced treaters who know how to start the drug, when to stop it, and when to stop other therapies.

Monitoring and evaluation
The use of this drug in the absence of immunosuppressive treatment is not believed to be appropriate. The optimal use of this drug with ADAMTS13 monitoring and ancillary therapies needs to be
further investigated.
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Research priorities
The clinical and research community needs to come together to create a management pathway, and a consensus statement on the detailed use of this drug with other treatments.
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7.5.2. Evidence Profile
Author(s): McMaster Methodology Team
Date: May 10, 2019
Question: For patients with immune TTP experiencing an acute event, what is the effect of caplacizumab compared to no caplacizumab on all-cause mortality, platelet count recovery, normal ADAMTS13 level, exacerbation, days in hospital/days of TPE,
relapse, time to relapse, all CV events, stroke/TIA/clinically obvious neurological deficit, acute kidney injury/dialysis, adverse events?c
Setting: Hospital
Bibliography: see reference list below
Summary: Data from two randomized trials informed this question. In both trials, patients were treated with caplacizumab or placebo from beginning of TTP treatment to 28-30 days after finishing TPE treatment, then followed for an additional 30 days after
ending caplacizumab/placebo treatment. One study additionally followed patients for 12 months post treatment (Peyvandi 2016). Pooled results showed no difference between caplacizumab and placebo groups for all-cause mortality and platelet count
recovery at 28-30 days post treatment. Patients treated with placebo were more likely to experience an exacerbation (defined as a TTP recurrence up to 30 days after cessation of TPE), but patients treated with caplacizumab were more likely to relapse
within 28-30 days after stopping caplacizumab. Patients treated with caplacizumab were also more likely to experience a relapse at 12 months.
Certainty assessment
№ of
studies

Study design

Risk of bias

Inconsistency

№ of patients

Indirectness

Imprecision

Other considerations

Caplacizumab

No caplacizumab

not serious

not serious b

none

1/108 (0.9%)

5/112 (4.5%)

Effect

Certainty

Relative
(95% CI)

Absolute
(95% CI)

OR 0.27
(0.05 to 1.34)

32 fewer
per 1,000
(from 42
fewer to 14
more)

⨁⨁⨁⨁

OR 1.71
(0.80 to 3.63)

66 more per
1,000
(from 35
fewer to 122
more)

⨁⨁⨁◯

Importance

All-cause mortality (follow up: 28-30 days post treatment)
2 1,3

randomized
trials

not serious

not serious

HIGH

Platelet count recovery (follow up: 28-30 days post treatment)
2 1,3

randomized
trials

not serious

not serious

not serious

serious a

none

96/108 (88.9%)

92/112 (82.1%)

MODERATE

Normal ADAMTS13 level after plasmapheresis complete – not reported in the literature
REGISTRY
DATA (1
registry)c

(single arm,
adding
caplacizumab)
1st event 5

REGISTRY
DATA (3
registries)c

(single arm,
any other
therapy)
1st event 4,5,6
(single arm,
any other
therapy)
Relapse 4,5,6

3/6
50.0%

44/57
Range 62.5%100.0%

24/28
Range 81.8%100.0%

Exacerbationd (follow up: 28-30 days post treatment)
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Certainty assessment
№ of
studies
2 1,3

№ of patients

Effect

Study design

Risk of bias

Inconsistency

Indirectness

Imprecision

Other considerations

Caplacizumab

No caplacizumab

randomized
trials

not serious

not serious

not serious

not serious b

none

6/108 (5.6%)

39/112 (34.8%)

Certainty

Relative
(95% CI)

Absolute
(95% CI)

OR 0.17
(0.09 to 0.32)

265 fewer
per 1,000
(from 302
fewer to 202
fewer)

⨁⨁⨁⨁

OR 9.08
(3.06 to 26.89)

Not
estimable

⨁⨁⨁⨁

OR 4.17
(1.31 to 13.27)

188 more
per 1,000
(from 23
more to 458
more)

⨁⨁⨁◯

-

MD 4.5
lower
(7.32 lower
to 1.68
lower)

⨁⨁⨁⨁

Importance

HIGH

Relapsed (follow up: 28-30 days post treatment)
2 1,3

randomized
trials

not serious

not serious

not serious

not serious b

none

14/108 (13.0%)

0/112 (0.0%)

HIGH

Relapse (follow up: 1-12 months)
11

Randomized
trial

serious e

not serious

not serious

not serious b

none

11/36 (30.6%)

3/37 (8.1%)

MODERATE

Time to relapse – not reported in the literature
REGISTRY
DATA (1
registry)c

(single arm,
adding
caplacizumab)
1st event 5

(1/6 relapsed
patients)
Median 39.4
months

REGISTRY
DATA (3
registries)c

(single arm,
any other
therapy)
1st event 5,6

(46/266 relapsed
patients 4,5,6)
Median 19.8-24
months
Total range
across registries
2.3-120 months

(single arm,
any other
therapy)
Relapse 5,6

(42/98 relapsed
patients 4,5,6)
Median 1-13.3
months
Total range
across registries
0-128.1 months

Days in hospital (follow up: 28-30 days post treatment)
13

randomized
trials

not serious

not serious

not serious

not serious b

none

72

73

HIGH
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Certainty assessment
№ of
studies

Study design

Risk of bias

Inconsistency

№ of patients

Effect

Certainty

Indirectness

Imprecision

Other considerations

Caplacizumab

No caplacizumab

Relative
(95% CI)

Absolute
(95% CI)

not serious

not serious b

none

108

112

-

MD 3.69
lower
(5.35 lower
to 2.02
lower)

⨁⨁⨁⨁

OR 1.39
(0.31 to 6.23)

10 more per
1,000
(from 19
fewer to 121
more)

⨁⨁⨁◯

OR 0.77
(0.17 to 3.47)

8 fewer per
1,000
(from 30
fewer to 79
more)

⨁⨁⨁◯

-

-

-

OR 1.73
(0.51 to 5.84)

26 more per
1,000
(from 54
fewer to 52
more)

⨁⨁⨁◯

Importance

Days of plasma exchange (follow up: 28-30 days post treatment)
2 1,2

randomized
trials

not serious

not serious

HIGH

All CV events (follow up: 28-30 days post treatment)
2 2,3

randomized
trials

not serious

not serious

not serious

serious a

none

4/106 (3.8%)

3/110 (2.7%)

MODERATE

Stroke/TIA/clinically obvious neurological deficit (follow up: 28-30 days post treatment)
2 2,3

randomized
trials

not serious

not serious

not serious

serious a

none

3/106 (2.8%)

4/110 (3.6%)

MODERATE

Acute kidney injury/dialysis – not reported in the literature
REGISTRY
DATA (1
registry)c

(single arm,
adding
caplacizumab)
1st event 5

0/5
0.0%

-

REGISTRY
DATA (3
registries)c

(single arm,
any other
therapy)
1st event 4,5,6

11/86
Range 6.7%25.0%

(single arm,
any other
therapy)
Relapse 4,5,6

2/30
0.0%-12.5%

-

Adverse events (follow up: 28-30 days post treatment)
2 1,3

randomized
trials

not serious

not serious

not serious

serious a

none

102/106 (93.6%)

102/106 (96.2%)

MODERATE

Serious adverse events (follow up: 28-30 days post treatment)
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Certainty assessment
№ of
studies
2 1,3

№ of patients

Study design

Risk of bias

Inconsistency

Indirectness

Imprecision

Other considerations

Caplacizumab

No caplacizumab

randomized
trials

not serious

not serious

not serious

not serious b

none

36/106 (34%)

24/110 (21.8%)

Effect

Certainty

Relative
(95% CI)

Absolute
(95% CI)

OR 1.84
(1.01 to 3.34)

121 more
per 1,000
(from 2 more
to 264 more)

Importance

⨁⨁⨁⨁
HIGH

CI: Confidence interval; OR: Odds ratio; MD: Mean difference

Explanations
a.
b.
c.
d.
e.

Rated down for imprecision as confidence interval (CI) crosses clinical decision threshold between recommending and not recommending treatment.
Not rated down for imprecision. Small numbers of events and patients raises concerns that optimal information size (OIS) has not been achieved; however, absolute difference is considered potentially meaningful to patients and providers.
Panel originally sought to explore effect of caplacizumab in both first acute event and subsequent acute events; however, published data did not differentiate between these types of events. Data from registries did, in some cases, differentiate
between these types of events, and are reported here where applicable.
Recurrence was defined as a new decrease in the platelet count that necessitated reinitiation of plasma exchange after normalization of the platelet count had occurred. Exacerbation was defined as a recurrence that occurred within 30 days
after the last plasma exchange. Relapse was defined as a recurrence that occurred more than 30 days after cessation of plasma exchange. In both trials, all recurrences in placebo group occurred within 30 days after end of daily plasma
exchange, and thus met the definition of exacerbation and not relapse.
Peyvandi 2016 was, by necessity, single blinded. Investigators were made aware of patient assignments to caplacizumab or no caplacizumab.

References

1.
2.
3.

Peyvandi, F,Scully, M, Kremer Hovinga JA, et al. Caplacizumab for acquired thrombotic thrombocytopenic purpura. NEJM 2016; 374(6): 511-522.
Peyvandi, F, Scully, M, Kremer Hovinga JA, et al. Caplacizumab reduces the frequency of major thromboembolic events, exacerbations, and death in patients with acquired thrombotic thrombocytopenic purpura. J Thromb Haemost 2017;
15:1448-1452.
Scully, M, Cataland, SR, Peyvandi, F, et al. Caplacizumab treatment for acquired thrombotic thrombocytopenic purpura. NEJM 2019; 380(4):335-346

References for REGISTRY DATA:
4.
5.
6.

Korea
Italy
Kansas (US)
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7.6. Should rituximab as prophylaxis vs no prophylaxis be used for patients with immune TTP
currently in remission?
7.6.1. EVIDENCE TO DECISION TABLE
Should rituximab as prophlaxis vs. no prophylaxis be used for patients with immune TTP currently in remission?
POPULATION:

patients with immune TTP currently in remission

INTERVENTION:

rituximab as prophlaxis

COMPARISON:

no prophylaxis

MAIN OUTCOMES:

All-cause mortality, relapse, time to relapse, cardiovascular dysfunction, neurocognitive function and neurological deficits, chronic kidney disease/dialysis, adverse events,
quality of life, psychological state

SETTING:

Hospital, outpatient

PERSPECTIVE:

Clinical considerations - population perspective

BACKGROUND:

Rituximab has been used as prophylaxis during remission in patients with a history of TTP and deficient ADAMTS13 activity while in remission. The rationale for the treatment
is that improvement in ADAMTS13 activity will prevent a relapse.

CONFLICT OF
INTERESTS:

ASSESSMENT
Problem
Is the problem a priority?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

The panel felt this question was important because of perceived variability in
practice, and the need for synthesized data on the value of prophylactic
rituximab.

ADDITIONAL CONSIDERATIONS
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Desirable Effects
How substantial are the desirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Trivial
○ Small
● Moderate
○ Large
○ Varies
○ Don't know

See EPs.

Data from EPs and registries, indirect studies. Historical data unclear if these are first remissions or subsequent remissions.
Panel decided mortality was most important outcome.

Undesirable Effects
How substantial are the undesirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

○ Large
● Moderate
○ Small
○ Trivial
○ Varies
○ Don't know

See EPs.

ADDITIONAL CONSIDERATIONS
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Certainty of evidence
What is the overall certainty of the evidence of effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

● Very low
○ Low
○ Moderate
○ High
○ No included studies

Values
Is there important uncertainty about or variability in how much people value the main outcomes?
JUDGEMENT

RESEARCH EVIDENCE

○ Important uncertainty or variability
● Possibly important uncertainty or variability
○ Probably no important uncertainty or
variability
○ No important uncertainty or variability

No published data on how individuals value the main outcomes of interest.

ADDITIONAL CONSIDERATIONS

Panel members ranked the outcomes, from most to least important, as
follows:
1. Quality of life
2. All-cause mortality
3. Neurocognitive function and neurological deficits
4. Time to relapse
5. Psychological state
6. Relapse
7. Cardiovascular dysfunction
8. Days in hospital or days of TPE
9. Chronic kidney disease/dialysis
10. Live births (for pregnant patients)

Suggested considerations from panel members - interviews
Patients consistently valued mortality and neurocognitive function as important
outcomes of interest, in the setting of both an acute event and remission.
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Minor adverse drug effects (e.g., fatigue, nausea) were identified as less
important outcomes, particularly in the setting of an acute event.
Outcomes related to the length of treatment and the time to recovery (e.g.,
length of stay in hospital, days of TPE, days to platelet recovery) were identified
as less important in the setting of an acute event. Patients expressed that if
they had good clinical outcomes, they would be willing to accept that the
treatment process took more time.
Patients acknowledged that outcomes may be valued differently based on
stage of life and experiences (i.e., factors that drive situational values, which
are tied to a specific context). For example, functional outcomes may be more
important to younger patients, and less important to older patients. Patients
also acknowledged that global values (i.e., core personal values, which are tied
to underlying personality) could influence the importance that patients place
on outcomes. For example, individuals who are more risk averse with regards
to relapse may place more importance on the ADAMTS13 level during
remission.

Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the
comparison
● Probably favors the intervention
○ Favors the intervention
○ Varies
○ Don't know

3 of 4 studies gave rituximab in patients with low ADAMTS13.

Not useful to introduce rituximab in patients unless undetectable
ADAMTS13. Data we pulled are mixed.

** QUESTION MODIFICATION - prophylaxis in P (patients with low ADAMTS13)
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Resources required
How large are the resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Large costs
● Moderate costs
○ Negligible costs and savings
○ Moderate savings
○ Large savings
○ Varies
○ Don't know

Estimates of rituximab costs
· $2500 - $3000 CAD per dose
· $2000 AUD per dose
· 5616€ per 2400 mg dose (Denmark)
· 4235€ per 2550 mg dose (France)
o Truxima (biosimilar) is 47% less expensive
· $2200 - $7000 USD per dose
Panelists noted that in the U.S., costs for rituximab (particularly patients’ out of
pocket costs) could vary significantly, depending on the insurance provider, the
price negotiated with individual hospitals, and the individual patient’s
insurance coverage.
Panelists stated that rituximab was either available widely, or available in large
and medium sized hospitals in their countries. This treatment was paid for by
government (public health insurance), private health insurance, or the patient
(out of pocket cost), depending on the jurisdiction.

Societal costs not key here. This treatment creates individual
costs. These patients are well, not all of them relapse. Cost
incurred by testing / monitoring.

Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

● Very low
○ Low
○ Moderate
○ High
○ No included studies
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Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the
comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
● No included studies

There are no published data on cost-effectiveness.

ADDITIONAL CONSIDERATIONS

Equity
What would be the impact on health equity?
JUDGEMENT

RESEARCH EVIDENCE

○ Reduced
○ Probably reduced
○ Probably no impact
○ Probably increased
○ Increased
● Varies
○ Don't know

There are no published data on impact on health equity.

ADDITIONAL CONSIDERATIONS

Structured interviews with patient panelists explored existing inequities in
the diagnosis and treatment of TTP.
They felt inequity in diagnosis was tied to a lack of awareness of TTP; providers
in more remote areas, with less access to specialist hematologists, may not
have TTP on their differential diagnosis of a patient with an unusual
presentation.
Inequity may also be impacted by patient gender, race, and/or socioeconomic
status; individuals with a subtler presentation of TTP (as opposed to the typical
“Pentad”) may have their complaints dismissed. Inequity in treatment was felt
to be a major problem. Patients suggested that it was often “luck” that
determined if a patient presented to a hospital with access to healthcare
providers who recognized their disease, understood best practices around
treatment, and also had access to that treatment. Patients in rural areas, or
areas not well served by a tertiary care hospital with plasmapheresis
capabilities were felt to receive inequitable treatment,
Cost of treatment was felt to be the greatest driver of inequity, particularly in
countries without robust public healthcare / pharmacare. In some jurisdictions,
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insurance status could impact a patient’s ability to see appropriate doctors or
go to appropriate hospitals (which may not be in their insurance network).
Patients related anecdotes that insurance company requirements prior
authorizations often delayed treatment.
Modifiers of inequity may include telehealth, outreach clinics (for patients in
remission), educating local healthcare providers to improve the awareness and
early diagnosis of TTP, broader access to TTP expertise (e.g., through
appropriate implementation of evidence based recommendations that set a
baseline standard of care, pathways to consult more expert healthcare
providers), and broader access to TTP treatments (e.g., by decreasing barriers
set up by insurers around cost, co-pays, and requirement for prior
authorizations). Healthcare providers were encouraged to take a broadly
consultative approach when managing TTP, due to its rarity, and the
concentration of expertise and experience in a few centres worldwide.
Structured interviews with patient panelists also explored if the intervention
and comparator in this PICO question could have an impact on health equity.
They stated that the addition of treatments that were more costly, required
more expertise to administer (e.g., plasma exchange), and/or were more
difficult to access (e.g., plasma exchange, factor concentrates, caplacizumab,
rituximab) could increase inequity, widening the gap between “haves” and
“have nots.”

Acceptability
Is the intervention acceptable to key stakeholders?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know

There are no published data on acceptability to key stakeholders.

Need to factor in the time/resources needed for regular
monitoring. Not all patients would want this treatment.

Structured interviews with patient panelists explored acceptability in the
treatment of TTP.
In general, acceptability was enhanced by treatments that had a major impact
on the outcomes of mortality and relapse prevention.
All treatments addressed in these guidelines were perceived to be acceptable
to key stakeholders, as they confirmed to patients’ and providers’ realistic
wishes and expectations around efficacy, balance of risks and benefits, and
route of administration.
Threats to rituximab’s acceptability included concerns about cost and access
(which is often limited to individuals with insurance, and individuals under the
care of expert healthcare providers with experience giving the drug).
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Feasibility
Is the intervention feasible to implement?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know

There are no published data on feasibility.

Need to factor in the time/resources needed for regular
monitoring. Is it feasible to find the low ADAMTS13 and then give
rituximab to all of these people? Some people are getting
rituximab (too frequently) without ADAMTS13 monitoring - not
data driven dosing – so is there possible overuse?

Structured interviews with patient panelists explored feasibility of
implementation.
A general acknowledgement was made that TTP is a rare and expensive
disease, which requires significant institutional and intellectual resources for
both diagnosis and treatment.
Patient panelists identified potential barriers and facilitators to
implementation:
· Professional factors: knowledge and skills of health care providers remains a
barrier to implementation. There is an opportunity to raise awareness of this
rare disease with evidence based recommendations with different knowledge
translation strategies.
· System factors: many centers are not resourced to implement costly or
expertise-intensive diagnostic or treatment strategies, particularly for a rarely
encountered disease like TTP. A “back to basics” strategy aimed at first line
providers might be useful; for example, the CBC, cheap and rapid test, can be
informative in a patient with vague symptoms. Creating an environment where
non-experts can connect to experts is also important, to accelerate and
optimize TTP care.
· Patient factors: patients also have a lack of awareness of TTP, and can feel
overwhelmed and unsupported. Patients often trade information online, but
this information is not always reliable. Better partnerships between MDs and
patients (particularly patient support groups), and targeted patient education
may enhance uptake of this intervention.

SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM

No

Probably no

Probably yes

Yes

Varies

Don't know

DESIRABLE EFFECTS

Trivial

Small

Moderate

Large

Varies

Don't know

UNDESIRABLE EFFECTS

Large

Moderate

Small

Trivial

Varies

Don't know

145

ISTH Guideline for the Diagnosis and Management of Thrombotic Thrombocytopenic Purpura

JUDGEMENT
CERTAINTY OF EVIDENCE

Very low

Low

Moderate

High

VALUES

Important
uncertainty or
variability

Possibly important
uncertainty or
variability

Probably no
important
uncertainty or
variability

No important
uncertainty or
variability

BALANCE OF EFFECTS

Favors the
comparison

Probably favors the
comparison

Does not favor either
the intervention or
the comparison

Probably favors the
intervention

Favors the
intervention

Varies

Don't know

RESOURCES REQUIRED

Large costs

Moderate costs

Negligible costs and
savings

Moderate savings

Large savings

Varies

Don't know

Very low

Low

Moderate

High

COST EFFECTIVENESS

Favors the
comparison

Probably favors the
comparison

Does not favor either
the intervention or
the comparison

Probably favors the
intervention

Favors the
intervention

Varies

No included studies

EQUITY

Reduced

Probably reduced

Probably no impact

Probably increased

Increased

Varies

Don't know

ACCEPTABILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

FEASIBILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

CERTAINTY OF EVIDENCE OF

No included studies

No included studies

REQUIRED RESOURCES

TYPE OF RECOMMENDATION
Strong recommendation against the
intervention

○

Conditional recommendation against Conditional recommendation for either Conditional recommendation for the
the intervention
the intervention or the comparison
intervention

○

○

●

Strong recommendation for the
intervention

○
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CONCLUSIONS
Recommendation
For patients with immune TTP who are in remission WITH LOW ADAMTS13 the panel suggests for using rituximab as prophylaxis versus no prophylaxis.

Justification

Subgroup considerations
We could not find data that differentiated initial and subsequent remissions - these patients may or may not be different.

Implementation considerations

Monitoring and evaluation

147

ISTH Guideline for the Diagnosis and Management of Thrombotic Thrombocytopenic Purpura

Research priorities
Need to understand how and how frequently people monitor.
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7.6.2. Evidence Profile
Author(s): McMaster Methodology Team
Date: May 10, 2019
Question: For patients with immune TTP currently in remission, what is the effect of rituximab as prophylaxis compared to no prophylaxis on all-cause mortality, relapse, time to relapse, cardiovascular dysfunction, neurocognitive function and
neurological deficits, chronic kidney disease/dialysis, adverse events, quality of life, psychological state?
Setting: Hospital, outpatient
Bibliography: See reference list below
Summary: Four studies informed the question of the use of rituximab as prophylaxis in patients with TTP in remission. All studies were observational cohort or case series. No RCTs were found to inform this question. Jestin, Westwood, and Bresin
included patients with low ADAMTS13 levels. Fakhouri included 5 patients, 1 of whom had low ADAMTS13 levels, and the other 4 not reported.
One study (Jestin) was a comparative observational study with 115 patients comparing prophylactic rituximab to no rituximab. This study found fewer relapses in the patients using rituximab (OR 0.05, 95% CI 0.02-0.15) and no difference in mortality (OR
0.15, 95% CI 0.01-1.75). The median time to relapse in was much shorter in patients not receiving rituximab (median 2.7 years vs >11 years with rituximab).
Three single-arm observational studies with 54 patients receiving prophylactic rituximab saw no deaths and a pooled relapse rate of 2% (3 relapses in 54 patients).
Certainty assessment
№ of studies

Study design

Risk of bias

№ of patients

Effect

Inconsistency

Indirectness

Imprecision

Other considerations

rituximab as
prophylaxis

no prophylaxis

-

not serious

serious

none

2/92 (2%)

2/23 (9%)

Certainty

Relative
(95% CI)

Absolute
(95% CI)

OR 0.15 (0.01 to
1.75)

73 fewer
per 1,000
(from 86
fewer to 56
more)

⨁◯◯◯

-

-

⨁◯◯◯

Importance

All-cause mortality (follow up: median 14-38 months)
11
(115
patients)

observational
study
(comparative)

not serious

32-4
(54 patients)

observational
study (single
arm,
rituximab
prophylaxis
only)

serious a

not serious

not serious

-

none

0/54
Pooled estimate:
0% (95% CI 0%1%)

-

14/92 (15%)

17/23 (74%)

VERY LOW

VERY LOW

Relapse (follow up: range 6 months to 89 months)
11
(115
patients)

observational
study
(comparative)

not serious

32-4
(54 patients)

observational
study (single
arm,
rituximab
prophylaxis
only)

serious a

-

not serious

not serious

not serious

not serious

-

none

none

3/54
Pooled estimate:
2% (95% CI 0%10%)

-

OR 0.05 (0.02 to
0.15)

615 fewer
per 1,000
(from 686
fewer to
441 fewer)

⨁⨁◯◯

-

-

⨁◯◯◯

LOW

VERY LOW

Time to relapse (follow up: up to 89 months)
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Certainty assessment

№ of patients

№ of studies

Study design

Risk of bias

Inconsistency

Indirectness

Imprecision

Other considerations

11
(31 patients)*

observational
study
(comparative)

not serious

-

not serious

not serious

none

14
(1 patient)**

observational
study (single
arm,
rituximab
prophylaxis
only)

serious a

REGISTRY
DATA (1
registry)9

(single arm,
rituximab
prophylaxis
only)

REGISTRY
DATA (2
registries)9,10

(single arm,
no
prophylaxis)

-

not serious

-

none

Effect

rituximab as
prophylaxis

no prophylaxis

Median >11
years

1 patient
24 months

Certainty

Relative
(95% CI)

Absolute
(95% CI)

Median 2.7
years

-

-

-

-

Importance

⨁⨁◯◯
LOW

-

⨁◯◯◯
VERY LOW

(3/28 relapsed
patients)¥
Median 19.1
months
Range 19.1-49.8
months
(23/137 relapsed
patients 8,9,10)
Median 18-20.9
months
Range 3.6-116.7
months

Cardiovascular dysfunction - not reported in the literature
REGISTRY
DATA (NO
registry)

(single arm,
rituximab
prophylaxis
only)

REGISTRY
DATA (2
registries)8,10

(single arm,
no
prophylaxis)

_

3/33
0.0%-15.0%

Neurocognitive function (between acute events) and neurological deficits - not reported in the literature
REGISTRY
DATA (1
registry)9

(single arm,
rituximab
prophylaxis
only)

REGISTRY
DATA (3
registries)8,9,10

(single arm,
no
prophylaxis)

0/12
0.0%

8/85
Range 0.0%20.0%

Chronic kidney disease / dialysis - not reported in the literature
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Certainty assessment
№ of studies

Study design

REGISTRY
DATA (NO
registry)

(single arm,
rituximab
prophylaxis
only)

REGISTRY
DATA (2
registries)8,10

(single arm,
no
prophylaxis)

Risk of bias

Inconsistency

Indirectness

№ of patients
Imprecision

Other considerations

rituximab as
prophylaxis

Effect

no prophylaxis

Certainty

Relative
(95% CI)

Absolute
(95% CI)

-

-

-

-

-

⨁◯◯◯

Importance

_

3/33
7.7%-10.0%

Quality of life - not reported in the literature
REGISTRY
DATA (NO
registry)

(single arm,
rituximab
prophylaxis
only)

REGISTRY
DATA (1
registry)10

(single arm,
no
prophylaxis)

_

7/20
35.0%

Psychological state - not reported in the literature
REGISTRY
DATA (1
registry)9

(single arm,
rituximab
prophylaxis
only)

REGISTRY
DATA (2
registries)9,10

(single arm,
no
prophylaxis)

1/12
8.3%

12/119
8.1%-20.0%

Adverse events (follow up: range 6 months to 38 months)
21,2
(97 patients)

observational
study (single
arm,
rituximab
prophylaxis
only)

serious a

not serious

not serious

-

none

19/97
Pooled estimate:
17% (95% CI
9%-26%)

-

Rituximab: 68/69
(98.6%)

-

VERY LOW

Adverse events (in other non-TTP populations)
3 5-7

Systematic
reviews

not serious

not serious

serious c

not serious

none

-

-

⨁⨁⨁◯
MODERATE

Serious adverse events (in other non-TTP populations)
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Certainty assessment

№ of patients

№ of studies

Study design

Risk of bias

Inconsistency

Indirectness

Imprecision

Other considerations

3 5-7

Systematic
reviews

not serious

not serious

serious c

not serious

none

rituximab as
prophylaxis
Rituximab:
367/1261
Range 13.0%30.4%

Effect

Certainty

no prophylaxis

Relative
(95% CI)

Absolute
(95% CI)

-

-

-

Importance

⨁⨁⨁◯
MODERATE

CI: Confidence interval; OR: odds ratio; SD: Standard deviation
* 31 patients in Jestin 2018 relapsed. All other patients were censored.
**One of 4 patients in Bresin relapsed, at 24 months after starting preemptive rituximab treatments. All other patients were censored.
¥ Data reported in the registry may also have been reported, in whole or in part, in published literature.

Explanations
a. Risk of bias assessed as serious for non-comparative studies, including case series and single arm studies, due to failure to adequately control confounding.
b. Note that a single estimate of effect could not be calculated for several outcomes. In these cases, the small number of events and subjects in included studies raises concerns about imprecision. However, certainty in evidence was already assessed as
very low, due to serious concerns about risk of bias. Therefore, certainty in the body of evidence was not further downgraded for imprecision.
c. Adverse events and serious adverse events for TPE and for steroids were gathered from larger population studies including Cochrane reviews of uses of these treatments in other (non-TTP) populations. It is expected that adverse events of these
treatments will be the same regardless of the indication for treatment

References
1.
2.
3.
4.

Jestin M, Benhamou Y, Schelpe, A, et al. Preemptive rituximab prevents long-term relapses in immune-mediated thrombotic thrombocytopenic purpura. Blood, Prepublished online September 10, 2018.
Fakhouri F, Vernant JP, Veyradier A, et al. Efficiency of curative and prophylactic treatment with rituximab in ADAMTS13-deficient thrombotic thrombocytopenic purpura: a study of 11 cases. Blood 2005, 106:1932-37.
Westwood JP, Thomas M, Alwan F, et al. Rituximab prophylaxis to prevent thrombotic thrombocytopenic purpura relapse: outcome and evaluation of dosing regimens. Blood Advances 2017, 1(15):1159-1166.
Bresin E, Gastoldi S, Daina E, et al. Rituximab as pre-emptive treatment in patients with thrombotic thrombocytopenic purpura and evidence of anti-ADAMTS13 autoantibodies. Thromb Haemost 2009, 101:233-238.

References for rituximab adverse events:
5.
Cochrane Database Syst Rev. 2011 Feb 16;(2):CD008794. doi: 10.1002/14651858.CD008794.pub2. Adverse effects of biologics: a network meta-analysis and Cochrane overview. Singh JA1, Wells GA, Christensen R, Tanjong Ghogomu E,
Maxwell L, Macdonald JK, Filippini G, Skoetz N, Francis D, Lopes LC, Guyatt GH, Schmitt J, La Mantia L, Weberschock T, Roos JF, Siebert H, Hershan S, Lunn MP, Tugwell P, Buchbinder R.
6.
Cochrane Database Syst Rev. 2013 Dec 6;(12):CD009130. doi: 10.1002/14651858.CD009130.pub3. Rituximab for relapsing-remitting multiple sclerosis.He D1, Guo R, Zhang F, Zhang C, Dong S, Zhou H.
7.
Cochrane Database Syst Rev. 2009 Apr 15;(2):CD006552. doi: 10.1002/14651858.CD006552.pub2. Rituximab as maintenance therapy for patients with follicular lymphoma.Vidal L1, Gafter-Gvili A, Leibovici L, Shpilberg O.

References for REGISTRY DATA:
8.
9.
10.

Korea
Italy
Kansas (US)

152

ISTH Guideline for the Diagnosis and Management of Thrombotic Thrombocytopenic Purpura

7.7. Should plasma infusion vs a watch and wait strategy be used for patients with hereditary
TTP?
7.7.1. EVIDENCE TO DECISION TABLE
Should plasma infusion vs. a watch and wait strategy be used for patients with hereditary TTP?
POPULATION:

patients with hereditary TTP

INTERVENTION:

plasma infusion

COMPARISON:

a watch and wait strategy

MAIN OUTCOMES:

All-cause mortality, relapse, time to relapse, cardiovascular dysfunction, neurocognitive function and neurological deficits, chronic kidney disease/dialysis, adverse events,
quality of life, psychological state

SETTING:

Hospital, outpatient

PERSPECTIVE:

Clinical considerations - population perspective

BACKGROUND:

Once in remission, treatment for hereditary TTP depends on the individual patient. Some require plasma infusions every 2-4 weeks, and some only require treatment when
their condition worsens. Patients with hereditary TTP have a significant lifetime exposure to plasma, which may render them susceptible to the side effects of plasma.

CONFLICT OF
INTERESTS:

ASSESSMENT
Problem
Is the problem a priority?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

The panel felt this question was important because of perceived variability in
practice, and the need for synthesized data on the value of plasma infusion

ADDITIONAL CONSIDERATIONS
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Desirable Effects
How substantial are the desirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

○ Trivial
○ Small
○ Moderate
○ Large
○ Varies
● Don't know

ADDITIONAL CONSIDERATIONS
Mutation dictates phenotype, age of onset. Registry data and
study data differ.

Undesirable Effects
How substantial are the undesirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Large
○ Moderate
○ Small
○ Trivial
○ Varies
● Don't know
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Certainty of evidence
What is the overall certainty of the evidence of effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

● Very low
○ Low
○ Moderate
○ High
○ No included studies

Values
Is there important uncertainty about or variability in how much people value the main outcomes?
JUDGEMENT

RESEARCH EVIDENCE

○ Important uncertainty or variability
● Possibly important uncertainty or variability
○ Probably no important uncertainty or
variability
○ No important uncertainty or variability

A conference abstract discussed the derivation of a disease specific patientreported outcome tool to assess patient burden and treatment outcomes in
hereditary TTP. This tool - which has not been externally or internally validated
- suggested the following patient-reported symptoms and impacts of treatment
were potentially useful to patients: fatigue, pain, bruising, cognitive
impairment, vision problems, headache, impact of symptoms on activities, and
mood.
(Oladapo, A., et al. Value in Health. Vol. 20. No. 5. 2017.)

ADDITIONAL CONSIDERATIONS

Panel members ranked the outcomes, from most to least important, as
follows:
1. Quality of life
2. All-cause mortality
3. Neurocognitive function and neurological deficits
4. Time to relapse
5. Psychological state
6. Relapse
7. Cardiovascular dysfunction
8. Days in hospital or days of TPE
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9. Chronic kidney disease/dialysis
10. Live births (for pregnant patients)

Suggested considerations from panel members - interviews
Patients consistently valued mortality and neurocognitive function as important
outcomes of interest, in the setting of both an acute event and remission.
Minor adverse drug effects (e.g., fatigue, nausea) were identified as less
important outcomes, particularly in the setting of an acute event.
Outcomes related to the length of treatment and the time to recovery (e.g.,
length of stay in hospital, days of TPE, days to platelet recovery) were identified
as less important in the setting of an acute event. Patients expressed that if
they had good clinical outcomes, they would be willing to accept that the
treatment process took more time.
Patients acknowledged that outcomes may be valued differently based on
stage of life and experiences (i.e., factors that drive situational values, which
are tied to a specific context). For example, functional outcomes may be more
important to younger patients, and less important to older patients. Patients
also acknowledged that global values (i.e., core personal values, which are tied
to underlying personality) could influence the importance that patients place
on outcomes. For example, individuals who are more risk averse with regards
to relapse may place more importance on the ADAMTS13 level during
remission.

Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the
comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
● Don't know
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Resources required
How large are the resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

○ Large costs
● Moderate costs
○ Negligible costs and savings
○ Moderate savings
○ Large savings
○ Varies
○ Don't know

Estimates of plasma infusion costs
· $440 to $560 USD per dose
· 332€ to 498€ per dose (Denmark)
· 360€ to 540€ per dose (France)
Panelists noted that in the U.S., costs for this treatment (particularly patients’
out of pocket costs) could vary significantly, depending on the insurance
provider, the price negotiated with individual hospitals, and the individual
patient’s insurance coverage.
Panelists stated that this treatment was either available widely or available in
large and medium sized hospitals in their countries. This treatment was paid for
by government (public health insurance), private health insurance, or the
patient (out of pocket cost), depending on the jurisdiction.
Other costs
Patient panelists stated that hematologist and emergency department visits
can involve a copay in the U.S.
Patient panelists stated that laboratory tests are often fully covered by
insurance, regardless of frequency or type of assay, if they go to a preferred
laboratory in the U.S.

ADDITIONAL CONSIDERATIONS
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Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Very low
○ Low
● Moderate
○ High
○ No included studies

Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the
comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
● No included studies

There are no published data on cost-effectiveness.

ADDITIONAL CONSIDERATIONS
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Equity
What would be the impact on health equity?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Reduced
● Probably reduced
○ Probably no impact
○ Probably increased
○ Increased
○ Varies
○ Don't know

There are no published data on impact on health equity.

Plasma infusion given every 2-3 weeks. Need to come in to large
hospitals.

Structured interviews with patient panelists explored existing inequities in
the diagnosis and treatment of TTP.
They felt inequity in diagnosis was tied to a lack of awareness of TTP; providers
in more remote areas, with less access to specialist hematologists, may not
have TTP on their differential diagnosis of a patient with an unusual
presentation.
Inequity may also be impacted by patient gender, race, and/or socioeconomic
status; individuals with a subtler presentation of TTP (as opposed to the typical
“Pentad”) may have their complaints dismissed. Inequity in treatment was felt
to be a major problem. Patients suggested that it was often “luck” that
determined if a patient presented to a hospital with access to healthcare
providers who recognized their disease, understood best practices around
treatment, and also had access to that treatment. Patients in rural areas, or
areas not well served by a tertiary care hospital with plasmapheresis
capabilities were felt to receive inequitable treatment,
Cost of treatment was felt to be the greatest driver of inequity, particularly in
countries without robust public healthcare / pharmacare. In some jurisdictions,
insurance status could impact a patient’s ability to see appropriate doctors or
go to appropriate hospitals (which may not be in their insurance network).
Patients related anecdotes that insurance company requirements prior
authorizations often delayed treatment.
Modifiers of inequity may include telehealth, outreach clinics (for patients in
remission), educating local healthcare providers to improve the awareness and
early diagnosis of TTP, broader access to TTP expertise (e.g., through
appropriate implementation of evidence based recommendations that set a
baseline standard of care, pathways to consult more expert healthcare
providers), and broader access to TTP treatments (e.g., by decreasing barriers
set up by insurers around cost, co-pays, and requirement for prior
authorizations). Healthcare providers were encouraged to take a broadly
consultative approach when managing TTP, due to its rarity, and the
concentration of expertise and experience in a few centres worldwide.
Structured interviews with patient panelists also explored if the intervention
and comparator in this PICO question could have an impact on health equity.
They stated that the addition of treatments that were more costly, required
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more expertise to administer (e.g., plasma exchange), and/or were more
difficult to access (e.g., plasma exchange, factor concentrates, caplacizumab,
rituximab) could increase inequity, widening the gap between “haves” and
“have nots.”

Acceptability
Is the intervention acceptable to key stakeholders?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know

There are no published data on acceptability to key stakeholders.

Vascular access - de novo every time versus a port? Time
commitment, transfusion reactions, vascular access all impact
acceptability.

Structured interviews with patient panelists explored acceptability in the
treatment of TTP.
In general, acceptability was enhanced by treatments that had a major impact
on the outcomes of mortality and relapse prevention.
All treatments addressed in these guidelines were perceived to be acceptable
to key stakeholders, as they confirmed to patients’ and providers’ realistic
wishes and expectations around efficacy, balance of risks and benefits, and
route of administration.
Threats to the acceptability of plasma included concerns around transfusion
associated adverse effects, and special considerations for individuals who do
not accept blood products (e.g., Jehovah’s Witnesses)

Feasibility
Is the intervention feasible to implement?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know

There are no published data on feasibility.

ADDITIONAL CONSIDERATIONS

Structured interviews with patient panelists explored feasibility of
implementation.
A general acknowledgement was made that TTP is a rare and expensive
disease, which requires significant institutional and intellectual resources for
both diagnosis and treatment.
Patient panelists identified potential barriers and facilitators to
implementation:
· Professional factors: knowledge and skills of health care providers remains a
barrier to implementation. There is an opportunity to raise awareness of this
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rare disease with evidence based recommendations with different knowledge
translation strategies.
· System factors: many centers are not resourced to implement costly or
expertise-intensive diagnostic or treatment strategies, particularly for a rarely
encountered disease like TTP. A “back to basics” strategy aimed at first line
providers might be useful; for example, the CBC, cheap and rapid test, can be
informative in a patient with vague symptoms. Creating an environment where
non-experts can connect to experts is also important, to accelerate and
optimize TTP care.
Patient factors: patients also have a lack of awareness of TTP, and can feel
overwhelmed and unsupported. Patients often trade information online, but
this information is not always reliable. Better partnerships between MDs and
patients (particularly patient support groups), and targeted patient education
may enhance uptake of this intervention.

SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM

No

Probably no

Probably yes

Yes

Varies

Don't know

DESIRABLE EFFECTS

Trivial

Small

Moderate

Large

Varies

Don't know

UNDESIRABLE EFFECTS

Large

Moderate

Small

Trivial

Varies

Don't know

CERTAINTY OF EVIDENCE

Very low

Low

Moderate

High

VALUES

Important
uncertainty or
variability

Possibly important
uncertainty or
variability

Probably no
important
uncertainty or
variability

No important
uncertainty or
variability

BALANCE OF EFFECTS

Favors the
comparison

Probably favors the
comparison

Does not favor either
the intervention or
the comparison

Probably favors the
intervention

Favors the
intervention

Varies

Don't know

RESOURCES REQUIRED

Large costs

Moderate costs

Negligible costs and
savings

Moderate savings

Large savings

Varies

Don't know

Very low

Low

Moderate

High

CERTAINTY OF EVIDENCE OF
REQUIRED RESOURCES

No included studies

No included studies
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JUDGEMENT
COST EFFECTIVENESS

Favors the
comparison

Probably favors the
comparison

Does not favor either
the intervention or
the comparison

Probably favors the
intervention

Favors the
intervention

Varies

No included studies

EQUITY

Reduced

Probably reduced

Probably no impact

Probably increased

Increased

Varies

Don't know

ACCEPTABILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

FEASIBILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

TYPE OF RECOMMENDATION
Strong recommendation against the
intervention

Conditional recommendation against
the intervention

Conditional recommendation for
either the intervention or the
comparison

Conditional recommendation for the
intervention

Strong recommendation for the
intervention

○

○

●

○

○

CONCLUSIONS
Recommendation
For patients with hereditary TTP the panel suggests either plasma infusion or a watch and wait strategy.

Justification
Patients who have relapsed may feel more strongly about getting plasma.
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Subgroup considerations

Implementation considerations

Monitoring and evaluation

Research priorities
Need more information on different phenotypes of TTP - severe, non-severe, early onset, late onset, amount of protein. They may respond differently.
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7.7.2. Evidence profile
Author(s): McMaster Methodology Team
Date: May 10, 2019
Question: For patients with hereditary TTP, what is the effect of plasma infusion compared to a watch and wait strategy on all-cause mortality, relapse, time to relapse, cardiovascular dysfunction, neurocognitive function and neurological deficits,
chronic kidney disease/dialysis, adverse events, quality of life, psychological state?
Setting: Hospital, outpatient
Bibliography: See reference list below
Summary: Three studies were found to inform the question of plasma infusion compared with a watch and wait strategy in patients with hereditary TTP.
Fujimura et al described a case series of 31 patients with hereditary TTP in Japan, 25 of whom received FFP infusions. Further details on several patients were published in case series (Saitoh, Matsumoto). Aledort et al described 8 patients with hereditary
TTP receiving Factor VIII concentrate, who had previously received plasma infusions. Data were available for 3 of these patients on the frequency of TTP relapses before starting therapy and while on FFP. The results were equivocal for TTP events
comparing no therapy to plasma infusions. Data on adverse events during FFP therapy were available for 7 patients. Three patients experienced serious adverse events (rash, anaphylaxis, vomiting/skin rash) while taking FFP.
Letowska reported data on adverse events in patients receiving pathogen-reduced blood components in Poland. Of seven patients with hereditary TTP who received FFP, one patient experienced an adverse event (dyspnea and rash).
Certainty assessment
№ of studies

Study
design

№ of patients

Effect

Certainty

Relative
(95% CI)

Absolute
(95% CI)

OR 3.78
(0.19 to
73.21)

Not estimable

OR 3.78
(0.19 to
73.21)

304 more per
1,000
(from 318
fewer to 529
more)

⨁◯◯◯

Aledort et al reported on TTP episodes in 7 patients receiving plasma
infusions and their episodes before starting therapy. The results were
equivocal for TTP events comparing no therapy to plasma infusions (every
1-2 weeks vs every 1-3 weeks, 2 episodes over 2 months vs 2-3 episodes
per year, every 8-12 weeks vs every 4 weeks).

⨁◯◯◯

Risk of bias

Inconsistency

Indirectness

Imprecision

Other considerations

Plasma infusion

Watch and wait

observational
studies
(comparative)

not serious

not serious

not serious

serious

none

3/32 (9%) †

0/14 (0%) *

21,3-5§
(39 patients)

observational
studies
(comparative)

not serious

REGISTRY DATA
(2 registries)6,7

(single arm,
plasma
infusion)

REGISTRY DATA
(2 registries)6,7

(single arm,
nothing)

Importance

All-cause mortality
21,3-5§
(39 patients)

⨁◯◯◯
VERY LOW

Relapse
not serious

not serious

serious

none

6/28 (21%)

5/11 (45%)

VERY LOW

3/42 (7%)¥

1/31 (3%)¥

Time to relapse / no registry data
11
(7 patients)

observational
studies
(comparative)

serious a

-

not serious

-c

none

VERY LOW

Cardiovascular dysfunction
13-5§
(31 patients)

observational
studies
(comparative)

not serious

-

not serious

serious

none

1/25 (4%) **†

0/6 (0%)**

OR 3.46
(0.02 to
493.21)

-

⨁◯◯◯
VERY LOW
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Certainty assessment
Study
design

№ of studies

Risk of bias

№ of patients

Effect

Inconsistency

Indirectness

Imprecision

Other considerations

Plasma infusion

Watch and wait

-

not serious

serious

none

4/25 (16%) ***†

0/6 (0%)***

Certainty

Relative
(95% CI)

Absolute
(95% CI)

OR 3.97
(0.29 to
54.19)

-

OR 3.78
(0.19 to
73.21)

-

Importance

Neurocognitive function and neurological deficits
13-5§
(31 patients)

observational
studies
(comparative)

not serious

⨁◯◯◯
VERY LOW

Chronic kidney disease/dialysis
13-5§
(31 patients)

observational
studies
(comparative)

not serious

-

not serious

serious

none

3/25 (12%)†‡

0/6 (0%)‡

⨁◯◯◯
VERY LOW

Quality of life – not reported in the literature or registry
-

-

-

-

-

-

-

-

-

-

-

-

Psychological state – not reported in the literature or registry
-

-

-

-

-

-

-

-

-

-

-

-

13-5§
(31 patients)

observational
studies
(comparative)

not serious

-

not serious

serious

none

2/25 (8%)

0/6 (0%)

OR 3.61
(0.10 to
127.82)

-

⨁◯◯◯

21,2
(14 patients)

observational
studies
(single arm,
plasma
infusion only)

serious b

-

-

Adverse events

not serious

not serious

-c

none

4/14*
Pooled estimate:
28% (95% CI 6%56%)

-

VERY LOW

⨁◯◯◯
VERY LOW

CI: Confidence interval; OR: odds ratio
§ A series of 25 patients was most recently reported in Fujimura 20113. Additional information on these patients was gathered from references 4-5.
† Three patients died in the Fujimura series: one of chronic heart failure, one from renal failure, one from stroke. These patients are reported in the outcome of all-cause mortality, in addition to cardiovascular dysfunction, neurocognitive function and
neurological deficits, and chronic kidney disease/dialysis.
* Aledort et al reported 7 patients receiving FFP who had previously had no therapy, and many subsequently received FVIII. Data from the patients while on FFP and before therapy are presented here. Adverse events were not documented for patients
before therapy.
** Fujimura et al reported 25 patients receiving FFP infusions and 6 patients receiving no infusions. One patient receiving FFP experienced decreased cardiac function (leading to eventual death from chronic heart failure †). No cardiac events were reported in the 6 patients not
receiving prophylaxis.
*** Fujimura et al reported 25 patients receiving FFP infusions and 6 patients receiving no infusions. Three patients receiving FFP experienced neurological events (one right hemiparesis due to thrombosis of left carotid artery; one cerebellar bleed; one cerebral infarction).
One additional patient suffered a fatal stroke. No neurological events were reported in the 6 patients receiving no prophylaxis.
‡ Fujimura et al reported 25 patients receiving FFP infusions and 6 patients receiving no infusions. Two patients (8%) experienced renal insufficiency leading to dialysis. One additional patient died of renal failure†. No renal events were reported in the 6 patients receiving no
prophylaxis.
€ Three studies reported on adverse effects of plasma infusion. Aledort et al reported a series of 7 who received fresh frozen plasma infusions. Three of these patients had serious adverse events (anaphylaxis, rash, vomiting) while on fresh frozen plasma infusions (3/7, 43%).
Letowska et al reported on 7 patients receiving fresh frozen plasma: 1/7 (14%) experienced an adverse event (rash and dyspnea). Fujimura et al reported 25 patients receiving FFP infusions and 6 patients receiving no infusions. Two patients on FFP (8%) reported one AE
each (1 GI bleed, 1 hepatitis C contracted from plasma). No adverse events were reported (0%) in the 6 patients not receiving prophylaxis.
¥ Data reported in the registry may also have been reported, in whole or in part, in published literature.

Explanations
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a. Risk of bias assessed as serious, due to inconsistent reporting of exposure and outcome
b. Risk of bias assessed as serious for non-comparative studies, including case series and single-arm studies, due to failure to adequately control confounding.
c. Note that a single estimate of effect could not be calculated for several outcomes. In these cases, the small number of events and subjects in included studies raises concerns about imprecision. However, certainty in evidence was already assessed as
very low, due to serious concerns about risk of bias. Therefore, certainty in the body of evidence was not further downgraded for imprecision.
References
1.
Aledort LM, Singleton TC, Ulsh PJ. Treatment of congenital thrombotic thrombocytopenia purpura: a new paradigm. J Pediatr Hematol Oncol 2017, 39:524-27.
2.
Letowska M, Przybylska Z, Piotrowski, D, et al. Hemovigilance survey of pathogen-reduced blood components in the Warsaw Region in the 2009 to 2013 period. Transfusion 2016, 56:S39-44.
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Fujimura Y, Matsumoto M, Isonishi A, Yagi H, Kokame K, Soejima K, Murata M, Miyata T. Natural history of Upshaw-Schulman syndrome based on ADAMTS13 gene analysis in Japan. Journal of Thrombosis and Haemostasis 9 (Suppl 1):
283-301.
4.
Matsumoto M, Kokame K, Soejima K, et al. Molecular characterization of ADAMTS13 gene mutations in Japanese patients with Upshaw-Schulman syndrome. Blood 2004, 103(4): 1305-10.
5.
Saitoh H, Murakami H, Mori C. Case report: Upshaw-Schulman syndrome in two siblings. Acta Paediatr Jpn 1990, 32:373-76.
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7.8. Should factor VIII concentrate infusion vs a watch and wait strategy be used for patients with
hereditary TTP?
7.8.1. EVIDENCE TO DECISION TABLE
Should factor VIII concentrate infusion vs. a watch and wait strategy be used for patients with hereditary TTP?
POPULATION:

patients with hereditary TTP

INTERVENTION:

factor VIII concentrate infusion

COMPARISON:

a watch and wait strategy

MAIN OUTCOMES:

All-cause mortality, relapse, time to relapse, cardiovascular dysfunction, neurocognitive function and neurological deficits, chronic kidney disease/dialysis, adverse events,
quality of life, psychological state

SETTING:

Hospital, outpatient

PERSPECTIVE:

Clinical considerations - population perspective

BACKGROUND:

Once in remission, treatment for hereditary TTP depends on the individual patient. Some require treatment every 2-4 weeks, and some only require treatment when their
condition worsens. Some patients with hereditary TTP have been treated with intermediate purity FVIII concentrates, which contain a relatively high concentration of
ADAMTS13.

CONFLICT OF
INTERESTS:

ASSESSMENT
Problem
Is the problem a priority?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
○ Probably yes
● Yes
○ Varies

The panel felt this question was important because of perceived variability in
practice, and the need for synthesized data on the value of factor VIII
concentrate

ADDITIONAL CONSIDERATIONS
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○ Don't know

Desirable Effects
How substantial are the desirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Trivial
○ Small
○ Moderate
○ Large
○ Varies
● Don't know

Undesirable Effects
How substantial are the undesirable anticipated effects?
JUDGEMENT
○ Large
○ Moderate
○ Small
○ Trivial
○ Varies
● Don't know

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS
Potential thrombosis? Infection? No data.
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Certainty of evidence
What is the overall certainty of the evidence of effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

● Very low
○ Low
○ Moderate
○ High
○ No included studies

Values
Is there important uncertainty about or variability in how much people value the main outcomes?
JUDGEMENT

RESEARCH EVIDENCE

○ Important uncertainty or variability
● Possibly important uncertainty or variability
○ Probably no important uncertainty or
variability
○ No important uncertainty or variability

A conference abstract discussed the derivation of a disease specific patientreported outcome tool to assess patient burden and treatment outcomes in
hereditary TTP. This tool - which has not been externally or internally validated
- suggested the following patient-reported symptoms and impacts of treatment
were potentially useful to patients: fatigue, pain, bruising, cognitive
impairment, vision problems, headache, impact of symptoms on activities, and
mood.
(Oladapo, A., et al. Value in Health. Vol. 20. No. 5. 2017.)

ADDITIONAL CONSIDERATIONS

Panel members ranked the outcomes, from most to least important, as
follows:
1. Quality of life
2. All-cause mortality
3. Neurocognitive function and neurological deficits
4. Time to relapse
5. Psychological state
6. Relapse
7. Cardiovascular dysfunction
8. Days in hospital or days of TPE
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9. Chronic kidney disease/dialysis
10. Live births (for pregnant patients)

Suggested considerations from panel members - interviews
Patients consistently valued mortality and neurocognitive function as important
outcomes of interest, in the setting of both an acute event and remission.
Minor adverse drug effects (e.g., fatigue, nausea) were identified as less
important outcomes, particularly in the setting of an acute event.
Outcomes related to the length of treatment and the time to recovery (e.g.,
length of stay in hospital, days of TPE, days to platelet recovery) were identified
as less important in the setting of an acute event. Patients expressed that if
they had good clinical outcomes, they would be willing to accept that the
treatment process took more time.
Patients acknowledged that outcomes may be valued differently based on
stage of life and experiences (i.e., factors that drive situational values, which
are tied to a specific context). For example, functional outcomes may be more
important to younger patients, and less important to older patients. Patients
also acknowledged that global values (i.e., core personal values, which are tied
to underlying personality) could influence the importance that patients place
on outcomes. For example, individuals who are more risk averse with regards
to relapse may place more importance on the ADAMTS13 level during
remission.

Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the
comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
● Don't know
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Resources required
How large are the resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

○ Large costs
● Moderate costs
○ Negligible costs and savings
○ Moderate savings
○ Large savings
○ Varies
○ Don't know

Estimates of Factor VIII cost
· $1500 to $3000 USD weekly
· 1750€ to 3458€ weekly
Panelists noted that in the U.S., costs for this treatment (particularly patients’
out of pocket costs) could vary significantly, depending on the insurance
provider, the price negotiated with individual hospitals, and the individual
patient’s insurance coverage.
Panelists stated that this treatment was either available widely, available in
large and medium sized hospitals, or available in only a few large, specialized
hospitals in their countries. This treatment was paid for by government (public
health insurance), private health insurance, or the patient (out of pocket cost),
depending on the jurisdiction.
Other costs
Patient panelists stated that hematologist and emergency department visits
can involve a copay in the U.S.
Patient panelists stated that laboratory tests are often fully covered by
insurance, regardless of frequency or type of assay, if they go to a preferred
laboratory in the U.S.

ADDITIONAL CONSIDERATIONS
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Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Very low
○ Low
● Moderate
○ High
○ No included studies

Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the
comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
● No included studies

There are no published data on cost-effectiveness.

ADDITIONAL CONSIDERATIONS
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Equity
What would be the impact on health equity?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Reduced
○ Probably reduced
○ Probably no impact
○ Probably increased
○ Increased
○ Varies
● Don't know

There are no published data on impact on health equity.

Product is shelf stable. Given at home. Unsure if licensed for this
use.

Structured interviews with patient panelists explored existing inequities in
the diagnosis and treatment of TTP.
They felt inequity in diagnosis was tied to a lack of awareness of TTP; providers
in more remote areas, with less access to specialist hematologists, may not
have TTP on their differential diagnosis of a patient with an unusual
presentation.
Inequity may also be impacted by patient gender, race, and/or socioeconomic
status; individuals with a subtler presentation of TTP (as opposed to the typical
“Pentad”) may have their complaints dismissed. Inequity in treatment was felt
to be a major problem. Patients suggested that it was often “luck” that
determined if a patient presented to a hospital with access to healthcare
providers who recognized their disease, understood best practices around
treatment, and also had access to that treatment. Patients in rural areas, or
areas not well served by a tertiary care hospital with plasmapheresis
capabilities were felt to receive inequitable treatment,
Cost of treatment was felt to be the greatest driver of inequity, particularly in
countries without robust public healthcare / pharmacare. In some jurisdictions,
insurance status could impact a patient’s ability to see appropriate doctors or
go to appropriate hospitals (which may not be in their insurance network).
Patients related anecdotes that insurance company requirements prior
authorizations often delayed treatment.
Modifiers of inequity may include telehealth, outreach clinics (for patients in
remission), educating local healthcare providers to improve the awareness and
early diagnosis of TTP, broader access to TTP expertise (e.g., through
appropriate implementation of evidence based recommendations that set a
baseline standard of care, pathways to consult more expert healthcare
providers), and broader access to TTP treatments (e.g., by decreasing barriers
set up by insurers around cost, co-pays, and requirement for prior
authorizations). Healthcare providers were encouraged to take a broadly
consultative approach when managing TTP, due to its rarity, and the
concentration of expertise and experience in a few centres worldwide.
Structured interviews with patient panelists also explored if the intervention
and comparator in this PICO question could have an impact on health equity.
They stated that the addition of treatments that were more costly, required
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more expertise to administer (e.g., plasma exchange), and/or were more
difficult to access (e.g., plasma exchange, factor concentrates, caplacizumab,
rituximab) could increase inequity, widening the gap between “haves” and
“have nots.”

Acceptability
Is the intervention acceptable to key stakeholders?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know

There are no published data on acceptability to key stakeholders.

ADDITIONAL CONSIDERATIONS

Structured interviews with patient panelists explored acceptability in the
treatment of TTP.
In general, acceptability was enhanced by treatments that had a major impact
on the outcomes of mortality and relapse prevention.
All treatments addressed in these guidelines were perceived to be acceptable
to key stakeholders, as they confirmed to patients’ and providers’ realistic
wishes and expectations around efficacy, balance of risks and benefits, and
route of administration.

Feasibility
Is the intervention feasible to implement?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know

There are no published data on feasibility.

Availability of specific products have sufficient ADAMTS13 varies
between countries. There is heterogeneity between products.
There is far less ADAMTS13 in these products than in plasma.

Structured interviews with patient panelists explored feasibility of
implementation.
A general acknowledgement was made that TTP is a rare and expensive
disease, which requires significant institutional and intellectual resources for
both diagnosis and treatment.
Patient panelists identified potential barriers and facilitators to
implementation:
· Professional factors: knowledge and skills of health care providers remains a
barrier to implementation. There is an opportunity to raise awareness of this
rare disease with evidence based recommendations with different knowledge
translation strategies.
· System factors: many centers are not resourced to implement costly or
expertise-intensive diagnostic or treatment strategies, particularly for a rarely
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encountered disease like TTP. A “back to basics” strategy aimed at first line
providers might be useful; for example, the CBC, cheap and rapid test, can be
informative in a patient with vague symptoms. Creating an environment where
non-experts can connect to experts is also important, to accelerate and
optimize TTP care.
· Patient factors: patients also have a lack of awareness of TTP, and can feel
overwhelmed and unsupported. Patients often trade information online, but
this information is not always reliable. Better partnerships between MDs and
patients (particularly patient support groups), and targeted patient education
may enhance uptake of this intervention.

SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM

No

Probably no

Probably yes

Yes

Varies

Don't know

DESIRABLE EFFECTS

Trivial

Small

Moderate

Large

Varies

Don't know

UNDESIRABLE EFFECTS

Large

Moderate

Small

Trivial

Varies

Don't know

CERTAINTY OF EVIDENCE

Very low

Low

Moderate

High

VALUES

Important
uncertainty or
variability

Possibly important
uncertainty or
variability

Probably no
important
uncertainty or
variability

No important
uncertainty or
variability

BALANCE OF EFFECTS

Favors the
comparison

Probably favors the
comparison

Does not favor either
the intervention or
the comparison

Probably favors the
intervention

Favors the
intervention

Varies

Don't know

RESOURCES REQUIRED

Large costs

Moderate costs

Negligible costs and
savings

Moderate savings

Large savings

Varies

Don't know

Very low

Low

Moderate

High

Favors the
comparison

Probably favors the
comparison

Does not favor either
the intervention or
the comparison

Probably favors the
intervention

CERTAINTY OF EVIDENCE OF

No included studies

No included studies

REQUIRED RESOURCES

COST EFFECTIVENESS

Favors the
intervention

Varies

No included studies
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JUDGEMENT
EQUITY

Reduced

Probably reduced

Probably no impact

Probably increased

ACCEPTABILITY

No

Probably no

Probably yes

FEASIBILITY

No

Probably no

Probably yes

Increased

Varies

Don't know

Yes

Varies

Don't know

Yes

Varies

Don't know

TYPE OF RECOMMENDATION
Strong recommendation against the
intervention

○

Conditional recommendation against Conditional recommendation for either Conditional recommendation for the
the intervention
the intervention or the comparison
intervention

○

○

○

Strong recommendation for the
intervention

○

CONCLUSIONS
Recommendation
For patients with hereditary TTP the panel suggests against treating with either factor VIII concentrate infusions or a watch and wait strategy. (Lack of efficacy data, lack of harms data, lack of
understanding of how much ADAMTS13 is in these preparations).

Justification
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Subgroup considerations

Implementation considerations

Monitoring and evaluation

Research priorities
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7.8.2. Evidence profile
Author(s): McMaster Methodology Team
Date: May 10, 2019
Question: For patients with hereditary TTP, what is the effect of factor VIII concentrate infusion compared to a watch and wait strategy on all-cause mortality, relapse, time to relapse, cardiovascular dysfunction, neurocognitive function and
neurological deficits, chronic kidney disease/dialysis, adverse events, quality of life, psychological state?
Setting: Hospital, outpatient
Bibliography: See reference list below
Summary: Two studies were found to inform the question of FVIII concentrate infusion compared with a watch and wait strategy in patients with hereditary TTP.
Aledort et al reported on TTP episodes in 8 patients receiving FVIII concentrate with data on these patients before starting any therapy for TTP. No patients died and all patients experienced relapses on treatment. Compared with no therapy, patients had
fewer TTP episodes while on FVIII concentrate treatment. No serious adverse events were experienced while patients received FVIII.
Fujimura described six patients with hereditary TTP who were not treated with FFP. No deaths were observed in these patients.
Certainty assessment
№ of
studies

Study
design

№ of patients

Effect

Certainty

Risk of bias

Inconsistency

Indirectness

Imprecision c

Other considerations

Factor VIII
concentrate infusion

Watch and wait
strategy

Relative
(95% CI)

Absolute
(95% CI)

not serious

not serious

-

none

0/8 (0%)*†

0/8 (0%)*†

-

-

Importance

All-cause mortality
21
(8 patients)

observational
studies
(comparative)

not serious

12
(6 patients)

Observational
studies
(single arm,
watch and
wait strategy)

serious a

⨁⨁◯◯
LOW

-

not serious

-

none

-

0/6‡
Pooled estimate 0%
(95% CI 0%-39%)

-

6/6 (100%)§

-

-

⨁◯◯◯
VERY LOW

Relapse (follow up: up to 10 years)
11
(8 patients)

observational
studies
(comparative)

serious b

-

not serious

-

none

5/5 (100%)§

-

⨁◯◯◯
VERY LOW

Time to relapse / (no registry data)
11
(8 patients)

observational
studies
(comparative)

serious b

-

not serious

-

none

Aledort et al reported on TTP episodes in 8 patients receiving FVIII
concentrate and their episodes before starting therapy. Compared with no
therapy, patients had fewer TTP episodes while on FVIII concentrate
treatment (once in 5 years vs every 6 months, once in 10.5 years vs every 12 weeks, every 12 vs ever 4 weeks, once in 1 year vs 2 episodes in 2
months, 0-1 times per year vs ever 8-12 weeks).

⨁◯◯◯
VERY LOW

Cardiovascular dysfunction - not reported in the literature or registry
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Neurocognitive function and neurological deficits - not reported in the literature or registry
-

-

-

-

-

Chronic kidney disease/dialysis - not reported in the literature or registry
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Certainty assessment

№ of patients

Effect

Certainty

№ of
studies

Study
design

Risk of bias

Inconsistency

Indirectness

Imprecision c

Other considerations

Factor VIII
concentrate infusion

Watch and wait
strategy

Relative
(95% CI)

Absolute
(95% CI)

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Importance

Quality of life – not reported in the literature or registry
-

-

-

Psychological state – not reported in the literature or registry
-

-

-

-

-

-

-

-

-

-

-

-

observational
studies
(single arm,
FVIII
concentrate)

serious b

-

not serious

not serious

none

0/8**
Pooled estimate 0%
(95% CI 0%-32%)

-

-

-

⨁◯◯◯

Adverse events
11
(8 patients)

VERY LOW

CI: Confidence interval, FVIII: Factor eight
* Aledort et al reported 8 patients receiving FVIII who had previously had plasma infusions, and before that no therapy. Data from the patients while on FVIII and before therapy are presented here.
** Aledort et al reported a series of 8 patients taking FVIII. None of the 8 patients experienced a serious adverse event. Data on adverse events were not provided for patients while receiving no therapy.
† Aledort et al reported no deaths in their series of 8 patients.
‡ Fujimura et al reported six patients receiving no infusions or prophylaxis and reported no deaths.
§ Aledort et al reported 8 patients receiving FVIII who had previously had plasma infusions, and before that no therapy. Available data from the patients while on FVIII and before therapy are presented here .

Explanations
a.
b.
c.

Risk of bias assessed as serious for non-comparative studies, including case series and single-arm studies, due to failure to adequately control confounding.
Risk of bias assessed as serious, due to inconsistent reporting of exposure and outcome
Note that a single estimate of effect could not be calculated for several outcomes. In these cases, the small number of events and subjects in included studies raises concerns about imprecision. However, certainty in evidence was already assessed
as low to very very low, due to serious concerns about risk of bias and study design. Therefore, certainty in the body of evidence was not further downgraded for imprecision.

References
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Aledort LM, Singleton TC, Ulsh PJ. Treatment of congenital thrombotic thrombocytopenia purpura: a new paradigm. J Pediatr Hematol Oncol 2017, 39:524-27.
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Fujimura Y, Matsumoto M, Isonishi A, Yagi H, Kokame K, Soejima K, Murata M, Miyata T. Natural history of Upshaw-Schulman syndrome based on ADAMTS13 gene analysis in Japan. Journal of Thrombosis and Haemostasis 9 (Suppl 1):
283-301.
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7.9. Should prophylactic immunosuppression vs a watch and wait strategy be used
for patients with immune TTP who are pregnant, have decreased ADAMTS13, and
without other signs of TMA?
7.9.1. EVIDENCE TO DECISION TABLE
Should prophylactic immunosuppression vs. a watch and wait strategy be used for patients with immune TTP who are pregnant,
have decreased ADAMTS13, and without other signs of TMA?
POPULATION:

patients with immune TTP who are pregnant, have decreased ADAMTS13, and without other signs of TMA

INTERVENTION:

prophylactic immunosuppression

COMPARISON:

a watch and wait strategy

MAIN OUTCOMES:

All-cause mortality, days in hospital/days of TPE, live births, relapse, time to relapse, cardiovascular dysfunction, neurocognitive function and neurological deficits,
chronic kidney disease/dialysis, quality of life, psychological state

SETTING:

Hospital, outpatient

PERSPECTIVE:

Clinical considerations - population perspective

BACKGROUND:

Relapse of TTP is a risk in patients that have had a previous episode of immune TTP that become pregnant. ADAMTS13 levels are typically actively monitored in these
patients. The role of immunosuppressive treatments during pregnancy for low ADAMTS13 levels is currently unclear.

CONFLICT OF
INTERESTS:

ASSESSMENT
Problem
Is the problem a priority?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
○ Probably yes
● Yes

The panel felt this question was important because of perceived variability in
practice, and the need for synthesized data on the value of prophylactic
immunosuppressive treatment in pregnancy.

ADDITIONAL CONSIDERATIONS
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○ Varies
○ Don't know

Desirable Effects
How substantial are the desirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Trivial
○ Small
○ Moderate
○ Large
○ Varies
● Don't know

See EPs.

No comparative published data. Registry data was scant. No
expert observations.

Undesirable Effects
How substantial are the undesirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Large
○ Moderate
○ Small
○ Trivial
○ Varies
● Don't know

See EPs.

Known pregnancy toxicities of of many drugs (e.g., rituximab,
steroids)

TPE data exists in pregnant women.
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Certainty of evidence
What is the overall certainty of the evidence of effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Very low
○ Low
○ Moderate
○ High
○ No included studies

Values
Is there important uncertainty about or variability in how much people value the main outcomes?
JUDGEMENT

RESEARCH EVIDENCE

○ Important uncertainty or variability
○ Possibly important uncertainty or variability
○ Probably no important uncertainty or
variability
○ No important uncertainty or variability

No published data on how individuals value the main outcomes of interest.

ADDITIONAL CONSIDERATIONS

Panel members ranked the outcomes, from most to least important, as
follows:
1. Quality of life
2. All-cause mortality
3. Neurocognitive function and neurological deficits
4. Time to relapse
5. Psychological state
6. Relapse
7. Cardiovascular dysfunction
8. Days in hospital or days of TPE
9. Chronic kidney disease/dialysis
10. Live births (for pregnant patients)

Suggested considerations from panel members - interviews
Patients consistently valued mortality and neurocognitive function as important
outcomes of interest, in the setting of both an acute event and remission.
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Minor adverse drug effects (e.g., fatigue, nausea) were identified as less
important outcomes, particularly in the setting of an acute event.
Outcomes related to the length of treatment and the time to recovery (e.g.,
length of stay in hospital, days of TPE, days to platelet recovery) were identified
as less important in the setting of an acute event. Patients expressed that if
they had good clinical outcomes, they would be willing to accept that the
treatment process took more time.
Patients acknowledged that outcomes may be valued differently based on
stage of life and experiences (i.e., factors that drive situational values, which
are tied to a specific context). For example, functional outcomes may be more
important to younger patients, and less important to older patients. Patients
also acknowledged that global values (i.e., core personal values, which are tied
to underlying personality) could influence the importance that patients place
on outcomes. For example, individuals who are more risk averse with regards
to relapse may place more importance on the ADAMTS13 level during
remission.

Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the
comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
○ Don't know
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Resources required
How large are the resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

○ Large costs
○ Moderate costs
○ Negligible costs and savings
○ Moderate savings
○ Large savings
○ Varies
○ Don't know

Rituximab
· $2500 - $3000 CAD per dose
· $2000 AUD per dose
· 5616€ per 2400 mg dose (Denmark)
· 4235€ per 2550 mg dose (France)
o Truxima (biosimilar) is 47% less expensive
· $2200 - $7000 USD per dose
Panelists noted that in the U.S., costs for this treatment (particularly patients’
out of pocket costs) could vary significantly, depending on the insurance
provider, the price negotiated with individual hospitals, and the individual
patient’s insurance coverage. Panelists stated that rituximab was either
available widely, or available in large and medium sized hospitals in their
countries. This treatment was paid for by government (public health insurance),
private health insurance, or the patient (out of pocket cost), depending on the
jurisdiction.
Steroids
· $16.35 CAD daily
· $12 USD daily
· 26€ to 60€ daily (Denmark)
· 11€ daily (France)
Panelists noted that in the U.S., costs for this treatment (particularly patients’
out of pocket costs) could vary significantly, depending on the insurance
provider, the price negotiated with individual hospitals, and the individual
patient’s insurance coverage.
Panelists stated that steroid treatment was available widely in their countries.
This treatment was paid for by government (public health insurance), private
health insurance, or the patient (out of pocket cost), depending on the
jurisdiction.

ADDITIONAL CONSIDERATIONS
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Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Very low
○ Low
○ Moderate
○ High
○ No included studies

Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the
comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
○ No included studies

There are no published data on cost-effectiveness.

ADDITIONAL CONSIDERATIONS
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Equity
What would be the impact on health equity?
JUDGEMENT

RESEARCH EVIDENCE

○ Reduced
○ Probably reduced
○ Probably no impact
○ Probably increased
○ Increased
○ Varies
○ Don't know

There are no published data on impact on health equity.

ADDITIONAL CONSIDERATIONS

Structured interviews with patient panelists explored existing inequities in
the diagnosis and treatment of TTP.
They felt inequity in diagnosis was tied to a lack of awareness of TTP; providers
in more remote areas, with less access to specialist hematologists, may not
have TTP on their differential diagnosis of a patient with an unusual
presentation.
Inequity may also be impacted by patient gender, race, and/or socioeconomic
status; individuals with a subtler presentation of TTP (as opposed to the typical
“Pentad”) may have their complaints dismissed. Inequity in treatment was felt
to be a major problem. Patients suggested that it was often “luck” that
determined if a patient presented to a hospital with access to healthcare
providers who recognized their disease, understood best practices around
treatment, and also had access to that treatment. Patients in rural areas, or
areas not well served by a tertiary care hospital with plasmapheresis
capabilities were felt to receive inequitable treatment,
Cost of treatment was felt to be the greatest driver of inequity, particularly in
countries without robust public healthcare / pharmacare. In some jurisdictions,
insurance status could impact a patient’s ability to see appropriate doctors or
go to appropriate hospitals (which may not be in their insurance network).
Patients related anecdotes that insurance company requirements prior
authorizations often delayed treatment.
Modifiers of inequity may include telehealth, outreach clinics (for patients in
remission), educating local healthcare providers to improve the awareness and
early diagnosis of TTP, broader access to TTP expertise (e.g., through
appropriate implementation of evidence based recommendations that set a
baseline standard of care, pathways to consult more expert healthcare
providers), and broader access to TTP treatments (e.g., by decreasing barriers
set up by insurers around cost, co-pays, and requirement for prior
authorizations). Healthcare providers were encouraged to take a broadly
consultative approach when managing TTP, due to its rarity, and the
concentration of expertise and experience in a few centres worldwide.
Structured interviews with patient panelists also explored if the intervention
and comparator in this PICO question could have an impact on health equity.
They stated that the addition of treatments that were more costly, required
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more expertise to administer (e.g., plasma exchange), and/or were more
difficult to access (e.g., plasma exchange, factor concentrates, caplacizumab,
rituximab) could increase inequity, widening the gap between “haves” and
“have nots.”

Acceptability
Is the intervention acceptable to key stakeholders?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
○ Probably yes
○ Yes
○ Varies
○ Don't know

There are no published data on acceptability to key stakeholders.

ADDITIONAL CONSIDERATIONS

Structured interviews with patient panelists explored acceptability in the
treatment of TTP.
In general, acceptability was enhanced by treatments that had a major impact
on the outcomes of mortality and relapse prevention.
All treatments addressed in these guidelines were perceived to be acceptable
to key stakeholders, as they confirmed to patients’ and providers’ realistic
wishes and expectations around efficacy, balance of risks and benefits, and
route of administration.
Threats to rituximab’s acceptability included concerns about cost and access
(which is often limited to individuals with insurance, and individuals under the
care of expert healthcare providers with experience giving the drug).
Threats to steroids’ acceptability included concerns around long term side
effects, however patients acknowledged that the tapering schedule used in TTP
minimized exposure to side effects.

Feasibility
Is the intervention feasible to implement?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
○ Probably yes
○ Yes
○ Varies
○ Don't know

There are no published data on feasibility.

ADDITIONAL CONSIDERATIONS

Structured interviews with patient panelists explored feasibility of
implementation.
A general acknowledgement was made that TTP is a rare and expensive
disease, which requires significant institutional and intellectual resources for
both diagnosis and treatment.
Patient panelists identified potential barriers and facilitators to
implementation:
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· Professional factors: knowledge and skills of health care providers remains a
barrier to implementation. There is an opportunity to raise awareness of this
rare disease with evidence based recommendations with different knowledge
translation strategies.
· System factors: many centers are not resourced to implement costly or
expertise-intensive diagnostic or treatment strategies, particularly for a rarely
encountered disease like TTP. A “back to basics” strategy aimed at first line
providers might be useful; for example, the CBC, cheap and rapid test, can be
informative in a patient with vague symptoms. Creating an environment where
non-experts can connect to experts is also important, to accelerate and
optimize TTP care.
· Patient factors: patients also have a lack of awareness of TTP, and can feel
overwhelmed and unsupported. Patients often trade information online, but
this information is not always reliable. Better partnerships between MDs and
patients (particularly patient support groups), and targeted patient education
may enhance uptake of this intervention.

SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM

No

Probably no

Probably yes

Yes

Varies

Don't know

DESIRABLE EFFECTS

Trivial

Small

Moderate

Large

Varies

Don't know

UNDESIRABLE EFFECTS

Large

Moderate

Small

Trivial

Varies

Don't know

CERTAINTY OF EVIDENCE

Very low

Low

Moderate

High

VALUES

Important
uncertainty or
variability

Possibly important
uncertainty or
variability

Probably no
important
uncertainty or
variability

No important
uncertainty or
variability

BALANCE OF EFFECTS

Favors the
comparison

Probably favors the
comparison

Does not favor either
the intervention or
the comparison

Probably favors the
intervention

Favors the
intervention

Varies

Don't know

RESOURCES REQUIRED

Large costs

Moderate costs

Negligible costs and
savings

Moderate savings

Large savings

Varies

Don't know

No included studies

188

ISTH Guideline for the Diagnosis and Management of Thrombotic Thrombocytopenic Purpura

JUDGEMENT
CERTAINTY OF EVIDENCE OF

Very low

Low

Moderate

High

No included studies

COST EFFECTIVENESS

Favors the
comparison

Probably favors the
comparison

Does not favor either
the intervention or
the comparison

Probably favors the
intervention

Favors the
intervention

Varies

No included studies

EQUITY

Reduced

Probably reduced

Probably no impact

Probably increased

Increased

Varies

Don't know

ACCEPTABILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

FEASIBILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

REQUIRED RESOURCES

TYPE OF RECOMMENDATION
Strong recommendation against the
intervention

○

Conditional recommendation against Conditional recommendation for either Conditional recommendation for the
the intervention
the intervention or the comparison
intervention

○

○

Strong recommendation for the
intervention

○

○

CONCLUSIONS
Recommendation
For patients with immune TTP who are pregnant, have decreased ADAMTS13, and without other signs of TMA, the panel recommends treatment versus no treatment.
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Justification
Panel agreement is that pregnant women with low ADAMTS13 have poor outcomes. There is a lack of data to support what regimen should be used. There is real concern about low ADAMTS13
levels in pregnancy portending a poor outcome .The panel has provided non-graded good practice statements in this area, as there is no data to support a GRADEd recommendation.

Subgroup considerations

Implementation considerations

Monitoring and evaluation

Research priorities
No synthesized data exist. Imperative to pool data from global registries - huge need for data! Also imperative to discuss role of ADAMTS13 testing (and how to implement it widely for pregnant
patients) to both collect data and direct care.
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7.9.2. Evidence profile
Author(s): McMaster Methodology Team
Date: May 10, 2019
Question: For patients with immune TTP who are pregnant, have decreased ADAMTS13, and without other signs of TMA, what is the effect of prophylactic immunosuppression compared to a watch and wait strategy on all-cause mortality, days in
hospital/days of TPE, live births, relapse, time to relapse, cardiovascular dysfunction, neurocognitive function and neurological deficits, chronic kidney disease/dialysis, quality of life, psychological state?
Setting: Hospital, outpatient
Bibliography: See reference list below
Summary: Three studies included patients with immune TTP experiencing a pregnancy. No study reported on the ADAMTS13 level of included patients during pregnancy. Four pregnancies of a total 37 were associated with use of immunosuppressive
treatment (one receiving steroids and TPE for low ADAMTS13 during pregnancy, one treated for lupus, one receiving azathioprine, one receiving highly active antiretroviral treatment for HIV). Six pregnancies ended in fetal death. Five patients relapsed and
none died. It is not clear whether immunosuppressive treatments were associated with outcomes.

Certainty assessment
№ of
studies

Study design

Risk of
bias

Inconsistency

№ of patients

Indirectness

Imprecision
c

Other
considerations

Prophylactic
immunosuppression
(of any treatment)

Effect

Watch and
wait

Relative
(95% CI)

Certainty

Importance

Absolute
(95% CI)

All-cause mortality (follow up: during pregnancy and immediate postpartum period)
31-3 (27
women, 37
pregnancies)

observational
studies

serious a

not serious

serious b

-

none

Outcomes were reported for 27 women with 37 pregnancies.
Three pregnancies were associated with immunosuppressive
treatments. No maternal deaths were reported. Outcomes were
not clearly linked to treatment status.

⨁◯◯◯
VERY LOW

Days in hospital/days of TPE - not reported in the literature or registry
-

-

-

-

-

-

-

serious b

-

none

-

-

-

-

-

Live births (follow up: during pregnancy and immediate postpartum period)
31-3 (27
women, 37
pregnancies)

observational
studies

serious a

not serious

Outcomes were reported for 27 women with 37 pregnancies.
Three pregnancies were associated with immunosuppressive
treatments. 33 live births were reported*. Outcomes were not
clearly linked to treatment status**†‡

⨁◯◯◯

Outcomes were reported for 27 women with 37 pregnancies.
Three pregnancies were associated with immunosuppressive
treatments. 7 relapses were observed in 5 patients. Outcomes
were not clearly linked to treatment status§

⨁◯◯◯

VERY LOW

Relapse (follow up: not reported)
31-3 (27
women, 37
pregnancies)

observational
studies

REGISTRY
DATA (1
registry)18

(single arm,
prophylactic
immunosuppression
of any treatment)

serious a

not serious

serious b

-

none

VERY LOW

0/1 (0%)
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Certainty assessment

№ of
studies
REGISTRY
DATA (1
registry)18

Study design

Risk of
bias

Inconsistency

№ of patients

Indirectness

Imprecision
c

Other
considerations

Prophylactic
immunosuppression
(of any treatment)

(single arm, watch
and wait)

Effect

Watch and
wait

Certainty

Importance

-

Relative
(95% CI)

Absolute
(95% CI)

-

-

-

-

-

-

3/13 (23%)

Time to relapse - not reported in the literature or registry
-

-

-

-

-

-

-

-

-

-

-

-

-

Cardiovascular dysfunction - not reported in the literature or registry
-

-

-

-

-

Neurocognitive function and neurological deficits - not reported in the literature
REGISTRY
DATA (1
registry)18

(single arm,
prophylactic
immunosuppression
of any treatment)

REGISTRY
DATA (1
registry)18

(single arm, watch
and wait)

0/1 (0%)

0/13 (0%)

Chronic kidney disease / dialysis - not reported in the literature or registry
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Quality of life - not reported in the literature or registry
-

-

-

Psychological state - not reported in the literature or registry
-

-

-

Adverse events (in other non-TTP populations)
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Certainty assessment

№ of
studies

Study design

11 7-17

Systematic reviews

Risk of
bias

Inconsistency

Indirectness

not serious

serious d

not
serious

№ of patients

Imprecision
c

not serious

Other
considerations
none

Prophylactic
immunosuppression
(of any treatment)

Watch and
wait

Effect

Certainty

Relative
(95% CI)

Absolute
(95% CI)

Rituximab: 68/69
(98.6%)
Steroids: 335/867
Range 31%-51%

-

-

Rituximab: 367/1261
Range 13.0%-30.4%
Steroids: 257/2183
Range 1.8%-37.0%

-

Importance

⨁⨁⨁◯
MODERATE

Serious adverse events (in other non-TTP populations)
11 7-17

Systematic reviews

not
serious

not serious

serious d

not serious

none

-

⨁⨁⨁◯
MODERATE

CI: Confidence interval; TPE: Plasma exchange; TMA: Thrombotic microangiopathy
* The 33 live births include 2 sets of twins. There were 6 fetal deaths in 37 pregnancies.
** One fetal loss in Scully 2014 was attributed to β-hemolytic Streptococcus infection.
† Four patients in Scully 2014 were reported to receive immunosuppressive treatments. One patient had reduced ADAMTS13 during pregnancy and was treated with TPE and steroids. The patient had a live birth but relapsed one week after delivery. A
second patient developed acute lupus during pregnancy and was treated with immunosuppressives for lupus. A third patient received azathioprine throughout pregnancy. It is not clearly reported whether a live birth was associated with these three patients.
A fourth patient had HIV-related TTP and continued to receive highly active antiretroviral therapy throughout pregnancy, associated with “no complications”. Many pregnancies (25/37, 68%) were prophylactically treated with aspirin and/or low molecular
weight heparin as prophylaxis.
‡ One pregnancy in Scully 2006 resulted in a miscarriage. It was not reported whether this pregnancy was associated with immunosuppressives or other prophylaxis of any kind.
§ It is possible but not clearly reported that one relapse in Scully 2014 was associated with the patient who received azathioprine.

Explanations
a.
b.
c.
d.

Risk of bias assessed as serious for non-comparative studies, including case series and single-arm studies, due to failure to adequately control confounding.
In Scully 2014, ADAMTS13 measurements during pregnancy ranged from 9-89%. Ducloy-Bouthors reported ADAMTS13 activity in only 1 of 6 pregnancies as <5%. Scully 2006 reports one patient with consistent levels of ≥89% before and during
pregnancy, 3 patients with activity levels <5% before pregnancy, but during pregnancy levels were not measured or were measured between 16-85%.
Note that a single estimate of effect could not be calculated for several outcomes. In these cases, the small number of events and subjects in included studies raises concerns about imprecision. However, certainty in evidence was already assessed
as very low, due to serious concerns about risk of bias. Therefore, certainty in the body of evidence was not further downgraded for imprecision.
Adverse events and serious adverse events for TPE and for steroids were gathered from larger population studies including Cochrane reviews of uses of these treatments in other (non-TTP) populations. It is expected that adverse events of these
treatments will be the same regardless of the indication for treatment

References
1.
Scully, M, Thomas, M, Underwood, M, et al. Thrombotic thrombocytopenich purpura and pregnancy: presentation, management, and subsequent pregnancy outcomes. Blood 2014, 124(2): 211-19.
2.
Scully M, Starke R, Lee R, Mackie I, Machin S, Cohen H. Successful management of pregnancy in women with a history of thrombotic thrombocytopaenic purpura. Blood Coagulation and Fibrinolysis 2006, 17(6): 459-63.
3.
Ducloy-Bouthors, AS, Caron C, Subtil D, Provot F, Tournoys A, Wibau B, Krivosic-Horber R. Thrombotic thrombocytopenic purpura: medical and biological monitoring of six pregnancies. European Journal of Obstetrics & Gynecology and
Reproductive Biology 2003, 111:146-52.
References for rituximab adverse events:
4.
Cochrane Database Syst Rev. 2011 Feb 16;(2):CD008794. doi: 10.1002/14651858.CD008794.pub2. Adverse effects of biologics: a network meta-analysis and Cochrane overview. Singh JA1, Wells GA, Christensen R, Tanjong Ghogomu E,
Maxwell L, Macdonald JK, Filippini G, Skoetz N, Francis D, Lopes LC, Guyatt GH, Schmitt J, La Mantia L, Weberschock T, Roos JF, Siebert H, Hershan S, Lunn MP, Tugwell P, Buchbinder R.
5.
Cochrane Database Syst Rev. 2013 Dec 6;(12):CD009130. doi: 10.1002/14651858.CD009130.pub3. Rituximab for relapsing-remitting multiple sclerosis.He D1, Guo R, Zhang F, Zhang C, Dong S, Zhou H.
6.
Cochrane Database Syst Rev. 2009 Apr 15;(2):CD006552. doi: 10.1002/14651858.CD006552.pub2. Rituximab as maintenance therapy for patients with follicular lymphoma.Vidal L1, Gafter-Gvili A, Leibovici L, Shpilberg O.
References for steroids adverse events
7.
Cochrane Database Syst Rev. 2012 Dec 12;12:CD006921. doi: 10.1002/14651858.CD006921.pub3.Oral versus intravenous steroids for treatment of relapses in multiple sclerosis.Burton JM1, O'Connor PW, Hohol M, Beyene J.

194

ISTH Guideline for the Diagnosis and Management of Thrombotic Thrombocytopenic Purpura
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

Cochrane Database Syst Rev. 2013 Feb 28;(2):CD002265. doi: 10.1002/14651858.CD002265.pub3.Cyclophosphamide versus methylprednisolone for treating neuropsychiatric involvement in systemic lupus erythematosus.Fernandes Moça
Trevisani V1, Castro AA, Ferreira Neves Neto J, Atallah AN.
Cochrane Database Syst Rev. 2016 Oct 24;10:CD001446.Corticosteroids for Guillain-Barré syndrome.Hughes RA1, Brassington R, Gunn AA, van Doorn PA.
Cochrane Database Syst Rev. 2012 Jan 18;1:CD001046. doi: 10.1002/14651858.CD001046.pub2.Steroids for acute spinal cord injury.Bracken MB1.
Cochrane Database Syst Rev. 2018 Mar 19;3:CD006897. doi: 10.1002/14651858.CD006897.pub4.Different durations of corticosteroid therapy for exacerbations of chronic obstructive pulmonary disease.Walters JA1, Tan DJ, White CJ,
Wood-Baker R.
Cochrane Database Syst Rev. 2017 Dec 13;12:CD007720. doi: 10.1002/14651858.CD007720.pub3.Corticosteroids for pneumonia.Stern A1, Skalsky K, Avni T, Carrara E, Leibovici L, Paul M.
Cochrane Database Syst Rev. 2016 May 13;(5):CD011801. doi: 10.1002/14651858.CD011801.pub2.Different oral corticosteroid regimens for acute asthma.Normansell R1, Kew KM, Mansour G.
Cochrane Database Syst Rev. 2014 Sep 1;(9):CD001288. doi: 10.1002/14651858.CD001288.pub4.Systemic corticosteroids for acute exacerbations of chronic obstructive pulmonary disease.Walters JA1, Tan DJ, White CJ, Gibson PG,
Wood-Baker R, Walters EH.
Cochrane Database Syst Rev. 2015 Mar 18;(3):CD001533. doi: 10.1002/14651858.CD001533.pub5.Corticosteroid therapy for nephrotic syndrome in children.Hahn D1, Hodson EM, Willis NS, Craig JC.
Cochrane Database Syst Rev. 2015 Sep 12;(9):CD004405. doi: 10.1002/14651858.CD004405.pub5.Corticosteroids for acute bacterial meningitis.Brouwer MC1, McIntyre P, Prasad K, van de Beek D.
Cochrane Database Syst Rev. 2009 Jan 21;(1):CD003595. doi: 10.1002/14651858.CD003595.pub2.Interventions for haemolytic uraemic syndrome and thrombotic thrombocytopenic purpura.Michael M1, Elliott EJ, Ridley GF, Hodson EM,
Craig JC.

References for REGISTRY DATA:
18.

Italy
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7.10. Should plasma infusion vs factor VIII concentrate infusion be used for patients
with hereditary TTP who are pregnant?
7.10.1. EVIDENCE TO DECISION TABLE
Should plasma infusion vs. factor VIII concentrate infusion be used for patients with hereditary TTP who are pregnant?
POPULATION:

patients with hereditary TTP who are pregnant

INTERVENTION:

plasma infusion

COMPARISON:

factor VIII concentrate infusion

MAIN OUTCOMES:

All-cause mortality, days in hospital/days of TPE, live births, relapse, time to relapse, cardiovascular dysfunction, neurocognitive function and neurological deficits, chronic
kidney disease/dialysis, quality of life, psychological state

SETTING:

Hospital, outpatient

PERSPECTIVE:

Clinical considerations - population perspective

BACKGROUND:

Prophylactic plasma infusions are required in pregnant women with hereditary TTP to prevent relapses that can be deleterious for the mother and the fetus. Some patients,
including pregnant patients, with hereditary TTP have been treated with intermediate purity FVIII concentrates, which contains a relatively high concentration of ADAMTS13.
Factor VIII concentrate has several potential advantages over plasma: small volume, virally inactivated product, and the ability to be administered for prophylactic therapy in
the outpatient setting.

CONFLICT OF
INTERESTS:

ASSESSMENT
Problem
Is the problem a priority?
JUDGEMENT

RESEARCH EVIDENCE

○ No
○ Probably no
○ Probably yes
● Yes
○ Varies

The panel felt this question was important because of perceived variability in
practice, and the need for synthesized data on the value of plasma infusion and
factor VIII concentrate in pregnancy.

ADDITIONAL CONSIDERATIONS
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○ Don't know

Desirable Effects
How substantial are the desirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Trivial
○ Small
○ Moderate
○ Large
○ Varies
○ Don't know

See EPs.

No difference in mortality or live births. Small numbers. No
information on relapse from fVIII arm. Panel views there is no
difference in benefits when compared to non-pregnant patients.

Undesirable Effects
How substantial are the undesirable anticipated effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Large
○ Moderate
○ Small
○ Trivial
○ Varies
● Don't know

See EPs.

No evidence here. Panel raised concerns that pregnant patients
have baseline three-fold higher levels of fVIII than non-pregnant
patients. Adding fVIII could theoretically increase risk of
thrombosis. Moreover, intermediate purity fVIII concentrates
have unclear fVIII concentrations.

** New reference: Mannucci, levels of fVIII, VWF and ADAMTS13 by trimester.
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Certainty of evidence
What is the overall certainty of the evidence of effects?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

● Very low
○ Low
○ Moderate
○ High
○ No included studies

Values
Is there important uncertainty about or variability in how much people value the main outcomes?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Important uncertainty or variability
○ Possibly important uncertainty or variability
● Probably no important uncertainty or
variability
○ No important uncertainty or variability

A conference abstract discussed the derivation of a disease specific patientreported outcome tool to assess patient burden and treatment outcomes in
hereditary TTP. This tool - which has not been externally or internally validated
- suggested the following patient-reported symptoms and impacts of treatment
were potentially useful to patients: fatigue, pain, bruising, cognitive
impairment, vision problems, headache, impact of symptoms on activities, and
mood.
(Oladapo, A., et al. Value in Health. Vol. 20. No. 5. 2017.)

The value placed on live birth, versus patient's survival, may
differ between provider and patient perspective. Risk tolerance
may differ as well.

Panel members ranked the outcomes, from most to least important, as
follows:
1. Quality of life
2. All-cause mortality
3. Neurocognitive function and neurological deficits
4. Time to relapse
5. Psychological state
6. Relapse
7. Cardiovascular dysfunction
8. Days in hospital or days of TPE

Panel surveyed during the meeting and re-ranked outcomes for
this PICO:
1. All cause mortality
2. Live births at term
3. Neurocognitive function for mom
4. Infant morbidity (including neurocognitive function) theoretically due to placental insufficiency, premature delivery baby alive but not healthy. Panel emphasized that there is little
data on infant morbidity in these patients, and it is not
commonly seen.
5. Relapse

Other outcomes felt to be less important:
CV dysfunction
CKD
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9. Chronic kidney disease/dialysis
10. Live births (for pregnant patients)
Suggested considerations from panel members - interviews
Patients consistently valued mortality and neurocognitive function as important
outcomes of interest, in the setting of both an acute event and remission.
Minor adverse drug effects (e.g., fatigue, nausea) were identified as less
important outcomes, particularly in the setting of an acute event.
Outcomes related to the length of treatment and the time to recovery (e.g.,
length of stay in hospital, days of TPE, days to platelet recovery) were identified
as less important in the setting of an acute event. Patients expressed that if
they had good clinical outcomes, they would be willing to accept that the
treatment process took more time.
Patients acknowledged that outcomes may be valued differently based on
stage of life and experiences (i.e., factors that drive situational values, which
are tied to a specific context). For example, functional outcomes may be more
important to younger patients, and less important to older patients. Patients
also acknowledged that global values (i.e., core personal values, which are tied
to underlying personality) could influence the importance that patients place
on outcomes. For example, individuals who are more risk averse with regards
to relapse may place more importance on the ADAMTS13 level during
remission.

Other outcomes felt to be unimportant:
Days in hospitall
Days of TPE

The panel emphasized the importance of maternal mortality
(currently a subset of all-cause mortality)
The panel discussed possibility that there could be long term
effects of TTP - particularly neuropsychiatric – that would be
concerning for pregnant patients. No data on this in the
published literature.

Difficult to make judgement about longterm neurological
outcomes during acute event due to confounding factors.
Shortterm priority: neurovascular event prevention. That is,
behavioural and cognitive measures more meaningful in chronic
phase. However, focus on prevention of stroke and TIA acutely is
most important.

Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the
comparison
● Probably favors the intervention
○ Favors the intervention
○ Varies
○ Don't know

** Favour plasma

No data. But concerns about theoretical harm from fVIII in
pregnant patients with higher baseline fVIII and potential
thrombosis risk. (Indirect evidence taken from other populations
in terms of healthy pregnant women and patients with
thrombosis.)
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Resources required
How large are the resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Large costs
○ Moderate costs
○ Negligible costs and savings
● Moderate savings
○ Large savings
○ Varies
○ Don't know

Estimates of plasma infusion costs
· $440 to $560 USD per dose
· 332€ to 498€ per dose (Denmark)
· 360€ to 540€ per dose (France)
Panelists noted that in the U.S., costs for this treatment (particularly patients’
out of pocket costs) could vary significantly, depending on the insurance
provider, the price negotiated with individual hospitals, and the individual
patient’s insurance coverage.
Panelists stated that plasma infusion was either available widely or available in
large and medium sized hospitals in their countries. This treatment was paid for
by government (public health insurance), private health insurance, or the
patient (out of pocket cost), depending on the jurisdiction.
Estimates of Factor VIII cost
· $1500 to $3000 USD weekly
· 1750€ to 3458€ weekly
Panelists noted that in the U.S., costs for this treatment (particularly patients’
out of pocket costs) could vary significantly, depending on the insurance
provider, the price negotiated with individual hospitals, and the individual
patient’s insurance coverage.
Panelists stated that factor VIII concentrate was either available widely,
available in large and medium sized hospitals, or available in only a few large,
specialized hospitals in their countries. This treatment was paid for by
government (public health insurance), private health insurance, or the patient
(out of pocket cost), depending on the jurisdiction.
Other costs
Patient panelists stated that hematologist and emergency department visits
can involve a copay in the U.S.
Patient panelists stated that laboratory tests are often fully covered by
insurance, regardless of frequency or type of assay, if they go to a preferred
laboratory in the U.S.

In some jurisdictions, fVIII cost borne by different stakeholders.
Generally more expensive than plasma by four- to six-fold.
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Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Very low
● Low
○ Moderate
○ High
○ No included studies

Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?
JUDGEMENT

RESEARCH EVIDENCE

○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the
comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
● No included studies

There are no published data on cost-effectiveness.

ADDITIONAL CONSIDERATIONS
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Equity
What would be the impact on health equity?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ Reduced
○ Probably reduced
○ Probably no impact
● Probably increased
○ Increased
○ Varies
○ Don't know

There are no published data on impact on health equity.

Infusion "easier" to get - these patients may not be as
comfortable with self infusion as individuals with hemophilia.

Structured interviews with patient panelists explored existing inequities in
the diagnosis and treatment of TTP.
They felt inequity in diagnosis was tied to a lack of awareness of TTP; providers
in more remote areas, with less access to specialist hematologists, may not
have TTP on their differential diagnosis of a patient with an unusual
presentation.
Inequity may also be impacted by patient gender, race, and/or socioeconomic
status; individuals with a subtler presentation of TTP (as opposed to the typical
“Pentad”) may have their complaints dismissed. Inequity in treatment was felt
to be a major problem. Patients suggested that it was often “luck” that
determined if a patient presented to a hospital with access to healthcare
providers who recognized their disease, understood best practices around
treatment, and also had access to that treatment. Patients in rural areas, or
areas not well served by a tertiary care hospital with plasmapheresis
capabilities were felt to receive inequitable treatment,
Cost of treatment was felt to be the greatest driver of inequity, particularly in
countries without robust public healthcare / pharmacare. In some jurisdictions,
insurance status could impact a patient’s ability to see appropriate doctors or
go to appropriate hospitals (which may not be in their insurance network).
Patients related anecdotes that insurance company requirements prior
authorizations often delayed treatment.
Modifiers of inequity may include telehealth, outreach clinics (for patients in
remission), educating local healthcare providers to improve the awareness and
early diagnosis of TTP, broader access to TTP expertise (e.g., through
appropriate implementation of evidence based recommendations that set a
baseline standard of care, pathways to consult more expert healthcare
providers), and broader access to TTP treatments (e.g., by decreasing barriers
set up by insurers around cost, co-pays, and requirement for prior
authorizations). Healthcare providers were encouraged to take a broadly
consultative approach when managing TTP, due to its rarity, and the
concentration of expertise and experience in a few centres worldwide.
Structured interviews with patient panelists also explored if the intervention
and comparator in this PICO question could have an impact on health equity.
They stated that the addition of treatments that were more costly, required
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more expertise to administer (e.g., plasma exchange), and/or were more
difficult to access (e.g., plasma exchange, factor concentrates, caplacizumab,
rituximab) could increase inequity, widening the gap between “haves” and
“have nots.”

Acceptability
Is the intervention acceptable to key stakeholders?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

There are no published data on acceptability to key stakeholders.

Time limited therapy might be easier to accept during pregnancy,
even if it requires partients to negotiate schedule (time/travel).
Less acceptable if patient had allergic reactions to plasma.
Patient has already demonstrated that they are committed to
pregnancy - they are likely willing to take the extra step to ensure
a good pregnancy outcome. Discussion around individual patient
feasibility, scheduling, etc that may change acceptability.

Structured interviews with patient panelists explored acceptability in the
treatment of TTP.
In general, acceptability was enhanced by treatments that had a major impact
on the outcomes of mortality and relapse prevention.
All treatments addressed in these guidelines were perceived to be acceptable
to key stakeholders, as they confirmed to patients’ and providers’ realistic
wishes and expectations around efficacy, balance of risks and benefits, and
route of administration.
Threats to the acceptability of plasma included concerns around transfusion
associated adverse effects, and special considerations for individuals who do
not accept blood products (e.g., Jehovah’s Witnesses)

Feasibility
Is the intervention feasible to implement?
JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know

There are no published data on feasibility.

As above.

Structured interviews with patient panelists explored feasibility of
implementation.
A general acknowledgement was made that TTP is a rare and expensive
disease, which requires significant institutional and intellectual resources for
both diagnosis and treatment.
Patient panelists identified potential barriers and facilitators to
implementation:
· Professional factors: knowledge and skills of health care providers remains a
barrier to implementation. There is an opportunity to raise awareness of this
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rare disease with evidence based recommendations with different knowledge
translation strategies.
· System factors: many centers are not resourced to implement costly or
expertise-intensive diagnostic or treatment strategies, particularly for a rarely
encountered disease like TTP. A “back to basics” strategy aimed at first line
providers might be useful; for example, the CBC, cheap and rapid test, can be
informative in a patient with vague symptoms. Creating an environment where
non-experts can connect to experts is also important, to accelerate and
optimize TTP care.
· Patient factors: patients also have a lack of awareness of TTP, and can feel
overwhelmed and unsupported. Patients often trade information online, but
this information is not always reliable. Better partnerships between MDs and
patients (particularly patient support groups), and targeted patient education
may enhance uptake of this intervention.

SUMMARY OF JUDGEMENTS
JUDGEMENT
PROBLEM

No

Probably no

Probably yes

Yes

Varies

Don't know

DESIRABLE EFFECTS

Trivial

Small

Moderate

Large

Varies

Don't know

UNDESIRABLE EFFECTS

Large

Moderate

Small

Trivial

Varies

Don't know

CERTAINTY OF EVIDENCE

Very low

Low

Moderate

High

VALUES

Important
uncertainty or
variability

Possibly important
uncertainty or
variability

Probably no
important
uncertainty or
variability

No important
uncertainty or
variability

BALANCE OF EFFECTS

Favors the
comparison

Probably favors the
comparison

Does not favor either
the intervention or
the comparison

Probably favors the
intervention

Favors the
intervention

Varies

Don't know

RESOURCES REQUIRED

Large costs

Moderate costs

Negligible costs and
savings

Moderate savings

Large savings

Varies

Don't know

Very low

Low

Moderate

High

CERTAINTY OF EVIDENCE OF
REQUIRED RESOURCES

No included studies

No included studies
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JUDGEMENT
COST EFFECTIVENESS

Favors the
comparison

Probably favors the
comparison

Does not favor either
the intervention or
the comparison

Probably favors the
intervention

Favors the
intervention

Varies

No included studies

EQUITY

Reduced

Probably reduced

Probably no impact

Probably increased

Increased

Varies

Don't know

ACCEPTABILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

FEASIBILITY

No

Probably no

Probably yes

Yes

Varies

Don't know

TYPE OF RECOMMENDATION
Strong recommendation against the
intervention

○

Conditional recommendation against Conditional recommendation for either Conditional recommendation for the
the intervention
the intervention or the comparison
intervention

○

○

○

Strong recommendation for the
intervention

○

CONCLUSIONS
Recommendation
For patients with hereditary TTP who are pregnant, the panel recommends treatment versus no treatment. (Strong recommendation...)

For patients with hereditary TTP who are pregnant, the panel suggests for treatment with plasma versus fVIII. (Conditional recommendation...)

Justification
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Subgroup considerations

Implementation considerations
The panel suggests that in pregnant patients in particular, viral inactivated plasma would be preferable. This plasma not available everywhere, is more expensive, and based on indirect evidence,
has less reactions. (There is low certainty evidence that there are less side effects associated with SD plasma than quarantined plasma, for example.) Pathogen inactivation is achieved by various
methods, including SD and UV. The panel also noted that cryosupernatant plasma has lower fVIII concentrations.

Monitoring and evaluation

Research priorities
The panel felt it is a priority to explore the long term effects of TTP - particularly neuropsychiatric – for pregnant and non-pregnant patients.
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7.10.2. Evidence profile
Author(s): McMaster Methodology Team
Date: May 10, 2019
Question: For patients with hereditary TTP who are pregnant, what is the effect of plasma infusion versus factor VIII concentrate infusion on all-cause mortality, days in hospital/days of TPE, live births, relapse, time to relapse, cardiovascular
dysfunction, neurocognitive function and neurological deficits, chronic kidney disease/dialysis, quality of life, psychological state?
Setting: Hospital, outpatient
Bibliography: See reference list below
Summary: Scully included ten women with TTP who had 15 pregnancies subsequent to the diagnosis of hereditary TTP. All women were actively monitored and treated throughout pregnancy. Two women received FVIII during one pregnancy each, and
eight other women were treated with FFP for 13 pregnancies. All pregnancies resulted in a live infant and no maternal mortality was observed in the series of 10 women.
Three patients in Moatti-Cohen (and followed up in Delmas) had pregnancies treated with FFP. All pregnancies resulted in a live birth with no maternal mortality or relapse.
Four women in Fujimura had a total of six pregnancies subsequent to a diagnosis of hereditary TTP and received infusions of FFP. Further details on several patients were published in case series (Kato, Matsumoto). No maternal deaths were reported.
One patient relapsed during pregnancy. Five live births were reported. One patient who had two subsequent pregnancies received FFP during both pregnancies. Her first pregnancy ended with spontaneous abortion at 5 weeks, and the second resulted in
a live birth.

Certainty assessment
№ of
studies

Study
design

Risk of
bias

Inconsistency

№ of patients

Indirectness

Imprecision
b

Effect

Other
considerations

Plasma
infusion

Factor VIII
concentrate
infusion

none

0/8 (0%)
(8 women, 13
pregnancies)

Certainty

Relative
(95% CI)

Absolute
(95% CI)

0/2 (0%)
(2 women, 2
pregnancies)

-

-

0/10
Pooled
estimate 0%
(95% CI 0%19%)

-

-

-

-

-

-

-

-

none

13/13 (100%)
(8 women, 13
pregnancies) ‡

2/2 (100%)
(2 women, 2
pregnancies) ‡

-

-

⨁⨁◯◯

Importance

All-cause mortality (follow up: during pregnancy and immediate postpartum period)
11
(10 women,
15
pregnancies)

Observational
study
(comparative)

not serious

22-7§† (7
women, 10
pregnancies)

observational
studies
(single arm,
plasma
infusion)

serious a

-

not serious

not serious

not serious

-

-

none

⨁⨁◯◯
LOW

-

⨁◯◯◯
VERY LOW

Days in hospital/days of TPE- not reported in the literature or registry
-

-

-

-

-

-

Live births (assessed with: per pregnancy) (follow up: during pregnancy and immediate postpartum period)
11
(10 women,
15
pregnancies)

Observational
study
(comparative)

not serious

-

not serious

-

LOW
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Certainty assessment

№ of patients

№ of
studies

Study
design

Risk of
bias

Inconsistency

Indirectness

22-7§† (7
women, 10
pregnancies)

observational
studies
(single arm,
plasma
infusion)

serious a

not serious

not serious

Imprecision
b

-

Effect

Certainty

Factor VIII
concentrate
infusion

Relative
(95% CI)

Absolute
(95% CI)

9/10
Pooled
estimate 93%
(95% CI 63%100%)

-

-

-

1/10
Pooled
estimate 7%
(95% CI 0%37%)

-

Other
considerations

Plasma
infusion

none

Importance

⨁◯◯◯
VERY LOW

Relapse (follow up:)
22-7§† (7
women, 10
pregnancies)

observational
studies
(single arm,
plasma
infusion)

REGISTRY
DATA (1
registry)8

(single arm,
plasma
infusion)

REGISTRY
DATA (NO
registry)

(single arm,
plasma
derived fVIII
concentrates)

serious a

not serious

not serious

-

none

-

-

⨁◯◯◯
VERY LOW

0/7
0.0%

_

Time to relapse - not reported in the literature or registry
-

-

-

-

-

-

-

-

-

-

-

-

-

Cardiovascular dysfunction - not reported in the literature
REGISTRY
DATA (1
registry)8

(single arm,
plasma
infusion)

REGISTRY
DATA (NO
registry)

(single arm,
plasma
derived fVIII
concentrates)

0/7
0.0%

_

Neurocognitive function + neurological deficits - not reported in the literature
REGISTRY
DATA (1
registry)8

(single arm,
plasma
infusion)

0/7
0.0%
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Certainty assessment

№ of
studies

Study
design

REGISTRY
DATA (NO
registry)

(single arm,
plasma
derived fVIII
concentrates)

Risk of
bias

Inconsistency

№ of patients

Indirectness

Imprecision
b

Other
considerations

Plasma
infusion

Effect

Factor VIII
concentrate
infusion

Certainty

Relative
(95% CI)

Absolute
(95% CI)

Importance

_

Chronic kidney disease / dialysis - not reported in the literature
REGISTRY
DATA (1
registry)8

(single arm,
plasma
infusion)

REGISTRY
DATA (NO
registry)

(single arm,
plasma
derived fVIII
concentrates)

0/7
0.0%

_

Quality of life - not reported in the literature or registry
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Psychological state - not reported in the literature or registry
-

-

-

-

CI: Confidence interval; TPE: Plasma exchange
† A series of 10 patients was reported in Moatti-Cohen 2012, with supplemental data on these patients presented in Delmas 2015.
§ A series of 10 Japanese patients was most recently reported in Fujimura 2011 1. Additional information on these patients was gathered from references 4-6.
‡Twenty-three pregnancies were treated prophylactically with fresh frozen plasma infusions. Of these, 22 (96%) resulted in a live birth. Two pregnancies were managed with FVIII. Both of these pregnancies (100%) resulted in a live birth.
Of additional interest: In these three series of patients (Moatti-Cohen/Delmas, Fujimura, Scully), forty-three women had a total of 91 pregnancies. Sixty-two pregnancies in 42 women occurred before diagnosis with hereditary TTP (the precipitating event, or misdiagnoses). Of
these 62 pregnancies, 32† (52%) resulted in a live birth. Four pregnancies in 3 women occurred after the diagnosis of hereditary TTP and were treated with no prophylaxis (n=3) or aspirin as prophylaxis (n=1). Of these, 2 (50%, 1 aspirin, 1 no prophylaxis) resulted in a live
birth.

Explanations
a. Risk of bias assessed as serious for non-comparative studies, including case series and single-arm studies, due to failure to adequately control confounding.
b. Note that a single estimate of effect could not be calculated for several outcomes. In these cases, the small number of events and subjects in included studies raises concerns about imprecision. However, certainty in evidence was already assessed as
low to very low, due to serious concerns about risk of bias and study design. Therefore, certainty in the body of evidence was not further downgraded for imprecision.
References
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APPENDIX B: Conflict of Interest Framework
1) Financial Interests
a. Does the proposed panel member receive funding from commercial entities that
may influence their judgements about guideline recommendations?
i. Consider downgrading COI if funding is indirect (e.g., research funding,
especially that directed to the individual’s institution)
ii. Consider upgrading COI if there is ownership interest
iii. Consider downgrading COI if funding is <$5000 USD
iv. Consider spousal interests as equal to potential panel member interests.
2) Non-financial Interests
a. Is the proposed panel member involved in research on TTP or other thrombotic
microangiopathies?
i. Consider upgrading COI if entirety of individual’s research has been on
TTP/TMA
ii. Consider upgrading COI if the potential panel member has been the
primary investigator on studies or trials that may be the subject of guideline
recommendations (e.g., high impact clinical studies)
b. Does the proposed panel member depend on specific practices around TTP/TMA
for their income/vocation?
i. Consider upgrading COI if the proposed member is a director or involved
in the management of such a TTP/TMA treatment centre.
ii. Consider upgrading or downgrading COI based on amount of financial
dependence regarding the above.
c. Consider upgrading if the proposed panel member expresses personal beliefs,
previous opinions, advocacy, or employment interests that call into question the
individual’s ability to participate impartially
Potential COIs were deemed to be absent / low / moderate / high in each category. (Weighted at
1, 2, 3, and 4 points, respectively.) A summative “score” for overall potential COI was generated
for each panel candidate. Scores of 2 or less were marked “none,” scores of 3 to 4 were marked
“minor,” scores of 5 to 6 to 8 were marked “moderate,” and scores above 7 were marked “major.”
If necessary, panel members were given the opportunity to divest themselves of relevant interest
before the first panel meeting.
Examples

Score

None

No conflicts reported

1

Minor

Small amt of fees, industry-funded 2
research
Multiple speakers fees and/or honoraria, 3
>$5000
Equity or ownership
4

Financial

Moderate
Major
Non-Financial
None

No conflicts reported

1

Minor

Some research, reviews

2
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Moderate

Major

PI on TTP studies; most research 3
conducted in field of TMA, strong
published opinions on TMA/TTP
PI on relevant high-impact clinical study; 4
director of treatment centre

Summative score: financial + non-financial
1-2

None

3-4

Minor

5-6

Moderate

7-8

Major

Final breakdown of COI among panel members

Chart Title

Major
Moderate
None or minimal
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APPENDIX C: Outcome definitions
Outcome

Definition

All-cause mortality

Death from any cause

All
events

cardiovascular

A composite outcome including acute myocardial infarction, CV
ischemic events, CV mortality, and arrhythmia (fatal or non-fatal).

Stroke / TIA / clinically
obvious
neurologic
deficit

A composite outcome including stroke, transient ischemic attack, and
impairments of nerve, spinal cord, or brain function affecting a specific
region of the body.

Platelet count recovery

Sustained normalization of platelet counts above the lower limit of the
established reference range (e.g., 150 x 109/L) for 3 or more days after
cessation of plasma exchange.

Relapse

A fall in platelet count to below the lower limit of the established
reference range, with or without clinical symptoms, > 30 days after
stopping of plasma exchange for an acute TTP episode, requiring reinitiation of therapy

Time to relapse

Time in between cessation of TPE and relapse.

Acute kidney injury /
dialysis

Number of patients with acute kidney injury as classified using the
Kidney Disease Improving Global Outcomes (KDIGO) or alternate
criteria, or requiring dialysis while on active treatment.

Days in hospital or days
of TPE

Number of days spent as an inpatient in a hospital; or the number of
days spent receiving TPE.

Exacerbation

A reduction in platelet count to below the lower limit of the established
reference range (e.g., 150 x 109/L), an increased lactate
dehydrogenase (LDH) level, and the need to restart plasma exchange
within 30 days of the last plasma exchange after a clinical response to
plasma exchange.

Normal
ADAMTS13
level after TPE complete

ADAMTS13 levels at or above the normal reference range after
cessation of therapeutic plasma exchange.

Quality of life

General wellbeing and life satisfaction. This may be captured by a
quality of life measure score.

Neurocognitive
function (between acute
events) + neurological
deficits

Worsened neurocognitive function (between acute events) and/or
neurological deficit (e.g., memory loss). This may be measured by a
neurological or cognitive outcome measure score (e.g., Montreal
Cognitive Assessment (MoCA), mini mental status exam (MMSE)).

Psychological state

Anxiety, depression, or other psychological conditions.

Cardiovascular
dysfunction

Systolic or diastolic dysfunction of either the left or right ventricles,
and/or persistent arrhythmia.

Chronic kidney disease
/ dialysis

Number of patients with chronic kidney injury as classified by the
Kidney Disease Improving Global Outcomes (KDIGO) or alternate
criteria (e.g., CrCl <30 mL/min or eGFR <30 mL/min/1.73 m2), or
requiring dialysis between events.

Live births

A birth at which a child is born alive, irrespective pregnancy duration.
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APPENDIX D: SEARCH STRATEGIES
D-1. TTP Treatment Search Strategy
Database: Ovid Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid
MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present; Ovid Embase 1974 to 2018 July 11
Date Searched: July 11, 2018
Records Retrieved: 6299
1. Purpura, Thrombotic Thrombocytopenic/
2. thrombotic thrombocytopenic purpura.ti,ab.
3. upshaw-schulman syndrome.mp.
4. moschcowitz disease.mp.
5. Thrombotic Microangiopathies/
6. thrombotic microangiopath*.mp.
7. 1 or 2 or 3 or 4 or 5 or 6
8. caplacizumab.mp.
9. ("alx 0081" or alx 81 or alx0081 or alx81 or "alx 0681" or alx0681).mp.
10. cablivi.mp.
11. 8 or 9 or 10
12. RITUXIMAB/
13. rituximab.ti,ab.
14. blitzima.mp.
15. mabthera.mp.
16. reditux.mp.
17. ritemvia.mp.
18. rituxan.mp.
19. rituxin.mp.
20. riximyo.mp.
21. truxima.mp.
22. tuxella.mp.
23. zytux.mp.
24. (anti?cd20 adj2 antibod*).mp.
25. 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24
26. prednisone/ or prednisone.ti,ab.
27. (decortin or deltacorten or deltacortisone or deltasone or di adreson or di-adreson or
diasdreson or drazone or encorton or encortone or enkorton or liquid pred or lodotra or meprison
or peticorten or nsc 10023 or nsc10023 or orasone or rayos or ultracorten).mp.
28. prednisolone/ or prednisolone.ti,ab.
29. (codelcortone or dacortin or decortin h or delta cortef or delta cortril or deltacortril or di adreson
f or adresone f or diadreson f or diadresone f or encortelon or encortelone or encortolon or
equisolon or hostacortin h vet or hydeltra or hydrocortancyl or inflanefran or meprisolon or
meticortelone or mydrapred or nsc 9120 or nsc9120 or precortalon or predni h tablinen or
prednicort or prednifor drops or predniment or predniretard or predonine or prelone or prezolon
or scherisolon or solone or spiricort or sterane).mp.
30. methylprednisolone/ or methylprednisolone.ti,ab.
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31. (esametone or medrol or medrol a or medrol adt pak or medrol compositum or medrol dosepak
or medrol pak or medrone or meprelon or mesopren or metrisone or metypresol or neomedrone
or nsc 19987 or nsc19987 or prednol or solomet or solu decortin or urbason).mp.
32. dexamethasone/ or dexamethasone.ti,ab.
33. (azium or cebedex or colofoam or dalalone or decaderm or decadion or decadran or decadron
or decadron la or decadronal or decadrone or decaesadril or decaspray or decilone or decilone
forte or dectancyl or dexacen 4 or dexacen-4 or dexacort or dexacortin or dexahelvacort or
dexalocal or dexamecortin or dexamonozon or dexona or fluormone or fortecortin or hexadrol or
isopto dex or isoptoxex or lokalison f or maxidex or mephamesone or millicorten or millicortenol
or mk 125 or mk125 or neoforderx or neofordex or nsc 34521 or nsc34521 or opticortinol or
oradexan or orgadrone or ozurdex or posurdex or santeson or visumethazone).mp.
34. corticosteroid.mp. or Adrenal Cortex Hormones/
35. glucocorticoid.mp. or Glucocorticoids/
36. 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35
37. plasma exchange.mp. or Plasma Exchange/
38. plasmapheresis.mp. or PLASMAPHERESIS/
39. (plasma adj2 filtration).ti,ab.
40. Blood Component Removal/
41. aph?eresis.ti,ab.
42. 37 or 38 or 39 or 40 or 41
43. ((plasma adj2 (infus* or therapy or administ*)) or plasmatherapy).ti,ab.
44. factor viii.mp. or Factor VIII/
45. (factor 8 or factor eight or factor VIII).mp.
46. ((fresh frozen plasma or cryoplasma or cryopoor plasma) and cryosupernatant).ti,ab.
47. 43 or 44 or 45 or 46
48. 11 or 25 or 36 or 42 or 47
49. 7 and 48
50. pregnancy/ or pregnan*.mp.
51. 49 and 50
52. 49 not 50
53. 51 not 25
54. 52 not 25
55. 49 use ppez
56. 51 use ppez
57. 52 use ppez
58. 53 use ppez
59. 54 use ppez
60. thrombotic thrombocytopenic purpura/
61. thrombotic thrombocytopenic purpura.ti,ab.
62. upshaw-schulman syndrome.mp.
63. moschcowitz disease.mp.
64. thrombotic microangiopath*.mp.
65. 60 or 61 or 62 or 63 or 64
66. caplacizumab.mp.
67. ("alx 0081" or alx 81 or alx0081 or alx81 or "alx 0681" or alx0681).mp.
68. cablivi.mp.
69. 66 or 67 or 68
216

ISTH Guideline for the Diagnosis and Management of Thrombotic Thrombocytopenic Purpura
70. RITUXIMAB/
71. rituximab.ti,ab.
72. blitzima.mp.
73. mabthera.mp.
74. reditux.mp.
75. ritemvia.mp.
76. rituxan.mp.
77. rituxin.mp.
78. riximyo.mp.
79. truxima.mp.
80. tuxella.mp.
81. zytux.mp.
82. (anti?cd20 adj2 antibod*).mp.
83. 70 or 71 or 72 or 73 or 74 or 75 or 76 or 77 or 78 or 79 or 80 or 81 or 82
84. prednisone/ or prednisone.ti,ab.
85. (decortin or deltacorten or deltacortisone or deltasone or di adreson or di-adreson or
diasdreson or drazone or encorton or encortone or enkorton or liquid pred or lodotra or meprison
or peticorten or nsc 10023 or nsc10023 or orasone or rayos or ultracorten).mp.
86. prednisolone/ or prednisolone.ti,ab.
87. (codelcortone or dacortin or decortin h or delta cortef or delta cortril or deltacortril or di adreson
f or adresone f or diadreson f or diadresone f or encortelon or encortelone or encortolon or
equisolon or hostacortin h vet or hydeltra or hydrocortancyl or inflanefran or meprisolon or
meticortelone or mydrapred or nsc 9120 or nsc9120 or precortalon or predni h tablinen or
prednicort or prednifor drops or predniment or predniretard or predonine or prelone or prezolon
or scherisolon or solone or spiricort or sterane).mp.
88. methylprednisolone/ or methylprednisolone.ti,ab.
89. (esametone or medrol or medrol a or medrol adt pak or medrol compositum or medrol dosepak
or medrol pak or medrone or meprelon or mesopren or metrisone or metypresol or neomedrone
or nsc 19987 or nsc19987 or prednol or solomet or solu decortin or urbason).mp.
90. dexamethasone/ or dexamethasone.ti,ab.
91. (azium or cebedex or colofoam or dalalone or decaderm or decadion or decadran or decadron
or decadron la or decadronal or decadrone or decaesadril or decaspray or decilone or decilone
forte or dectancyl or dexacen 4 or dexacen-4 or dexacort or dexacortin or dexahelvacort or
dexalocal or dexamecortin or dexamonozon or dexona or fluormone or fortecortin or hexadrol or
isopto dex or isoptoxex or lokalison f or maxidex or mephamesone or millicorten or millicortenol
or mk 125 or mk125 or neoforderx or neofordex or nsc 34521 or nsc34521 or opticortinol or
oradexan or orgadrone or ozurdex or posurdex or santeson or visumethazone).mp.
92. corticosteroid.mp. or corticosteroid/
93. glucocorticoid.mp. or Glucocorticoid/
94. 84 or 85 or 86 or 87 or 88 or 89 or 90 or 91 or 92 or 93
95. plasma exchange.mp. or Plasma Exchange/
96. plasmapheresis.mp. or PLASMAPHERESIS/
97. (plasma adj2 filtration).ti,ab.
98. apheresis/
99. (aph?eresis or blood component removal).ti,ab.
100. 95 or 96 or 97 or 98 or 99
101. ((plasma adj2 (infus* or therapy or administrat*)) or plasmatherapy).ti,ab.
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102. factor viii.mp. or blood clotting factor 8/
103. (factor 8 or factor eight or factor VIII).mp.
104. ((fresh frozen plasma or cryoplasma or cryopoor plasma) and cryosupernatant).ti,ab.
105. 101 or 102 or 103 or 104
106. 69 or 83 or 94 or 100 or 105
107. 65 and 106
108. pregnancy/ or pregnan*.mp.
109. 107 and 108
110. 107 not 108
111. 109 not 83
112. 110 not 83
113. 107 use oemezd
114. 109 use oemezd
115. 110 use oemezd
116. 111 use oemezd
117. 112 use oemezd
118. 55 or 113
119. limit 118 to yr="1860 - 2010"
120. limit 118 to yr="2010 - 2018"
121. remove duplicates from 119
122. remove duplicates from 120
123. 121 or 122
124. 56 or 109
125. remove duplicates from 124
126. 57 or 110
127. limit 126 to yr="1860 - 2010"
128. limit 126 to yr="2010 - 2018"
129. remove duplicates from 127
130. remove duplicates from 128
131. 129 or 130
132. 58 or 111
133. remove duplicates from 132
134. 59 or 112
135. limit 134 to yr="1860 - 2010"
136. limit 134 to yr="2010 - 2018"
137. remove duplicates from 135
138. remove duplicates from 136
139. 137 or 138
140. remove duplicates from 139
141. limit 123 to english language
142. (animals not humans).mp.
143. 141 not 142
144. limit 143 to humans
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D-2: TTP Adverse Events Search Strategy
Database: OVID Medline Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid
MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present
Date searched: Jan 25, 2019
Records retrieved: 360
1. caplacizumab.mp.
2. ("alx 0081" or alx 81 or alx0081 or alx81 or "alx 0681" or alx0681).mp.
3. cablivi.mp.
4. 1 or 2 or 3
5. RITUXIMAB/
6. rituximab.ti,ab.
7. blitzima.mp.
8. mabthera.mp.
9. reditux.mp.
10. ritemvia.mp.
11. rituxan.mp.
12. rituxin.mp.
13. riximyo.mp.
14. truxima.mp.
15. tuxella.mp.
16. zytux.mp.
17. (anti?cd20 adj2 antibod*).mp.
18. 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17
19. prednisone/ or prednisone.ti,ab.
20. (decortin or deltacorten or deltacortisone or deltasone or di adreson or di-adreson or
diasdreson or drazone or encorton or encortone or enkorton or liquid pred or lodotra or meprison
or peticorten or nsc 10023 or nsc10023 or orasone or rayos or ultracorten).mp.
21. prednisolone/ or prednisolone.ti,ab.
22. (codelcortone or dacortin or decortin h or delta cortef or delta cortril or deltacortril or di adreson
f or adresone f or diadreson f or diadresone f or encortelon or encortelone or encortolon or
equisolon or hostacortin h vet or hydeltra or hydrocortancyl or inflanefran or meprisolon or
meticortelone or mydrapred or nsc 9120 or nsc9120 or precortalon or predni h tablinen or
prednicort or prednifor drops or predniment or predniretard or predonine or prelone or prezolon
or scherisolon or solone or spiricort or sterane).mp.
23. methylprednisolone/ or methylprednisolone.ti,ab.
24. (esametone or medrol or medrol a or medrol adt pak or medrol compositum or medrol dosepak
or medrol pak or medrone or meprelon or mesopren or metrisone or metypresol or neomedrone
or nsc 19987 or nsc19987 or prednol or solomet or solu decortin or urbason).mp.
25. dexamethasone/ or dexamethasone.ti,ab.
26. (azium or cebedex or colofoam or dalalone or decaderm or decadion or decadran or decadron
or decadron la or decadronal or decadrone or decaesadril or decaspray or decilone or decilone
forte or dectancyl or dexacen 4 or dexacen-4 or dexacort or dexacortin or dexahelvacort or
dexalocal or dexamecortin or dexamonozon or dexona or fluormone or fortecortin or hexadrol or
isopto dex or isoptoxex or lokalison f or maxidex or mephamesone or millicorten or millicortenol
or mk 125 or mk125 or neoforderx or neofordex or nsc 34521 or nsc34521 or opticortinol or
oradexan or orgadrone or ozurdex or posurdex or santeson or visumethazone).mp.
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27. corticosteroid.mp. or Adrenal Cortex Hormones/
28. glucocorticoid.mp. or Glucocorticoids/
29. 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28
30. plasma exchange.mp. or Plasma Exchange/
31. plasmapheresis.mp. or PLASMAPHERESIS/
32. (plasma adj2 filtration).ti,ab.
33. Blood Component Removal/
34. aph?eresis.ti,ab.
35. 30 or 31 or 32 or 33 or 34
36. side effect$.tw.
37. ((adverse or undesirable or harms$ or serious or toxic) adj3 (effect$ or reaction$ or event$ or
outcome$)).tw.
38. Product Surveillance, Postmarketing/
39. Adverse Drug Reaction Reporting Systems/
40. poisoning/
41. exp Substance-Related Disorders/
42. exp "Drug-Related Side Effects and Adverse Reactions"/
43. exp drug monitoring/
44. exp drug hypersensitivity/
45. (toxicity or complication$ or noxious or tolerability).tw.
46. Follow-Up Studies/
47. 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46
48. meta analysis.mp,pt. or review.pt. or search:.tw.
49. 4 or 18 or 29 or 35
50. cochrane.ti,ab,jn.
51. 47 and 48 and 49
52. 50 and 51
53. limit 52 to yr="2009 - 2019"
54. limit 52 to yr="2009 - 2019"
55. cochrane.jn.
56. cochrane.jn.
57. cochrane.sh.
58. cochrane.sh.
59. cochrane.mp.
60. cochrane.mp.
61. 54 and 59
62. 54 and 60
63. limit 61 to (english language and humans)
64. limit 62 to (english language and humans)
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D-3: TTP Diagnosis Search Strategy
Database: Ovid Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid
MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present; Ovid Embase 1974 to 201 Feb 5
Date Searched: February 5, 2019
Records Retrieved: 2024
1. thrombotic thrombocytopenic purpura/
2. thrombotic thrombocytopenic purpura.ti,ab.
3. upshaw-schulman syndrome.mp.
4. moschcowitz disease.mp.
5. Thrombotic Microangiopathies/
6. thrombotic microangiopath*.mp.
7. 1 or 2 or 3 or 4 or 5 or 6
8. ADAMTS13 Protein/ or (ADAMTS13 or ADAMTS-13).mp.
9. (sensitiv: or predictive value:).mp. or accurac:.tw.
10. thrombotic thrombocytopenic purpura/
11. thrombotic thrombocytopenic purpura.ti,ab.
12. upshaw-schulman syndrome.mp.
13. moschcowitz disease.mp.
14. Thrombotic Microangiopathies/
15. thrombotic microangiopath*.mp.
16. 10 or 11 or 12 or 13 or 14 or 15
17. von Willebrand factor cleaving proteinase/ or von Willebrand factor cleaving proteinase.ti,ab.
18. (adamts-13 or adamts13).ti,ab.
19. sensitiv:.tw. or diagnostic accuracy.sh. or diagnostic.tw.
20. FRETS-VWF73.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, nm, kf, px, rx, an, ui, sy]
21. (ELISA adj5 assay).mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, nm, kf, px, rx, an, ui, sy]
22. enzyme-linked immunosorbent assay.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, nm, kf,
px, rx, an, ui, sy]
23. (seldi adj5 assay).mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, nm, kf, px, rx, an, ui, sy]
24. 20 or 21 or 22 or 23
25. 7 and 8 and 9
26. 25 use ppez
27. 17 or 18
28. 16 and 19 and 27
29. 28 use oemezd
30. 26 or 29
31. 8 or 24
32. 7 and 9 and 31
33. 32 use ppez
34. 24 or 27
35. 16 and 19 and 34
36. 35 use oemezd
37. 33 or 36
38. 37 not 30
39. limit 38 to english language
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40. limit 39 to humans
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D-4: TTP Economics Search Strategy
Database: OVID Medline Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid
MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present
Date searched: December 21, 2018
Records retrieved: 22
-------------------------------------------------------------------------------1 Purpura, Thrombotic Thrombocytopenic/
2 thrombotic thrombocytopenic purpura.ti,ab.
3 upshaw-schulman syndrome.mp.
4 moschcowitz disease.mp.
5 1 or 2 or 3 or 4
6 exp "costs and cost analysis"/
7 costs.tw.
8 cost effective:.tw.
9 6 or 7 or 8
10 5 and 9
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D-5: TTP Values and Preferences Search Strategy
Database: OVID Medline Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid
MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present
Date searched: January 2, 2019
Records retrieved: 129
-------------------------------------------------------------------------------1 exp patient participation/ or exp patient satisfaction/ or exp attitude to health/ or exp "patient
acceptance of health care"/ or exp quality-adjusted life years/ or exp decision making/ or exp
Health Status Indicators/ or exp decision support techniques/ or exp decision support system/ or
exp "Severity of Illness Index"/ or exp decision tree$/
2 (patient$ participation or patient$ satisfaction or attitude to health or patient$ preference$ or
patient$ perception$ or patient$ decision$ or patient$ perspective$ or user$ view$ or patient$
view$ or patient$ acceptance or patient$ perspective$ or patient$ value$ or patient$ utilit$ or
health utilit$ or quality of life or quality adjust$ life year$ or qaly$ or health related quality of life or
health stat$ utilit$ or health stat$ indicator$ or decision support$ technique$ or decision support$
system$ or decision analys?s or decision mak$ or decision aid$ or decision tree$ or risk$
perception$ or risk$ manag$ or risk$ control$ or risk$ communicat$ or euroqol or EQ5D or EQ5D or SF-6D or SF6D or SF36 or SF- 36 or short$ form$ or QWB or Quality of Well-Being or
health utilit$ index or daly$ or disab$ adjust$ life year$ or HYE or healthy-year equivalen$ or
standard gambl$ or time trade off or willingness to pay or visual analog scale or VAS or "visual
analog$ adj 2 scal$" or probability trade-off or best-worst scaling).mp.
3 (health stat$ adj2 valu$).mp.
4 1 or 2 or 3
5 Purpura, Thrombotic Thrombocytopenic/
6 thrombotic thrombocytopenic purpura.ti,ab.
7 upshaw-schulman syndrome.mp.
8 moschcowitz disease.mp.
9 5 or 6 or 7 or 8
10 4 and 9
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APPENDIX E: PRISMA FLOW DIAGRAMS
E-1: Treatment systematic review
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E-2: Adverse Events review
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E-3: Diagnosis systematic review
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E-4: Economics review
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E-5: Values and preferences review
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APPENDIX F: ADVERSE EVENTS
Table F-1: Specific populations enrolled in systematic reviews and original studies used to inform
treatment adverse events

Rituximab - adverse events in others (non-TTP) populations
Populations considered in Cochrane reviews:
• Rheumatoid arthritis
• Relapsing-remitting multiple sclerosis, primary progressive multiple sclerosis
• Follicular and mantle cell lymphoma, large- B cell lymphoma, lymphoplasmacytic
lymphoma, relapsing or refractory aggressive lymphoma, indolent non-Hodgkin’s
lymphoma, low-grade non-Hodgkin’s lymphoma
• Induction in renal transplantation

TPE - adverse events in others (non-TTP) populations and in TTP
Populations considered in Cochrane reviews:
• Guillan-Barré syndrome
• Inflammatory demyelinating polyradiculoneuropathy
• Generalized myasthenia gravis
Populations considered in other original studies:
• TTP

Steroids - adverse events in others (non-TTP) populations and in
TTP
Populations considered in Cochrane reviews:
• Relapses in multiple sclerosis
• Systemic lupus erythematosus
• Guillain-Barre syndrome
• Spinal cord injury
• Exacerbations of chronic obstructive pulmonary disease
• Pneumonia
• Acute asthma
• Nephrotic syndrome
• Acute bacterial meningitis
• Haemolytic uraemic syndrome and thrombotic thrombocytopenic purpura
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Table F-2: Adverse events for rituximab
RITUXIMAB

PLACEBO

Ʃ (n/N)

% (range)

Ʃ (n/N)

% (range)

Any AEs

68/69

98.6%

35/35

100%

Any SEVERE AEs

367/1261

13.0%-30.4%

34/195

14.3%-18.1%

Withdrawals due to
adverse events

41/1108

3.7%-4.3%

2/35

5.7%

SERIOUS infections

106/1428

2.9%-8.1%

9/362

2.1%-5.7%

All infections

87/389

12.2%-69.6%

45/362

6.1%-71.4%

14/35

40%

Infusion-associated
54/69
78.3%
adverse events
Rituximab: only indirect evidence (adverse events in other diseases)

Table F-3: Adverse events for TPE
TPE

SHAM EXCHANGE

Ʃ (n/N)
18321 procedures
(3646 patients
treated)

% (range)

Ʃ (n/N)

% (range)

3.9-17%

-

-

Any AEs

55/124
12/53
43/71

19.5%-60.6%
19.5%-33.3%
60.6%

-

-

Any SEVERE AEs

93/373

23.8%-29.6%

-

-

Discontinuation due to poor
hemodynamic tolerance

62/605

4.9%-12.8%

-

-

SEVERE infections

188/1022
94/288
94/734

8.3%-33.7%
8.3%-33.7%
8.4%-16.9%

104/280

37.1%

SEVERE allergic reactions

14/508

0.3%-6.3%

-

-

Blood pressure instability

65/702
56/329
9/373

2.3%-18.8%
4.9%-18.8%
2.3%-2.8%

60/280

21.4%

Cardiac Arrhythmias

58/276

21%

79/280

28.2%

Venus thrombosis

18/787
2/53
16/734

1.7%-8.3%
2.4%-8.3%
1.7%-2.8%

-

-

Any AEs per procedure

Bold: direct + indirect evidence
Italic: only indirect evidence (adverse events in other diseases)
Underline: only direct evidence (adverse events in TTP)
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Table F-4: Adverse events for steroids
STEROIDS

PLACEBO

Ʃ (n/N)

% (range)

Ʃ (n/N)

% (range)

Any adverse events

335/867

31%-51%

228/796

26%-34%

Any SEVERE adverse events*

257/2183

1.8%-37.0%

93/2276

1.7%-25%

7.9%-37%
7.9%-19.1%
37%

177/992
165/944
12/48

14.7%-26%
14.7%-26%
25%

SEVERE infections

190/1166
173/1120
17/46

Hypertension

54/798

0%-15%

31/342

3.6%-11.7%

Hyperglycemia

299/1241

0%-44.2%

99/971

2%-12.3%

Diabetes Mellitus requiring
insulin

29/236

12.3%

13/231

5.6%

Gastrointestinal Hemorrhage –
bleeding

63/2317

2.5%-9.1%

36/2065

1.7%-2.2%

Psychological or psychiatric
disturbances

57/966

1.7%-31.8%

8/688

0.9%-2.7%

Adverse cardiac events

14/623

2.2%

24/626

3.8%

Bold: direct + indirect evidence
Italic: only indirect evidence (adverse events in other diseases)
Underline: only direct evidence (adverse events in TTP)
*including severe infections, diabetes mellitus requiring insulin, gastrointestinal hemorrhage, psychological/psychiatric
disturbance, adverse cardiac events
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APPENDIX G: REGISTRIES
Figure G-1: List of TTP Registries contacted

19 TTP Registries CONTACTED

13 REPLIED TO THE CALL TO
PARTICIPATE

8 Registries PARTICIPATED:
1. HERON – Kansas University Medical Center
(KUMC) - US
2. Korean TTP Registry (TTP patients using
Rituximab) – KOREA
3. Microangiopathies Database of Nara Medical
University – JAPAN
4. Milan TTP Registry – ITALY
5. Oklahoma Thrombotic Thrombocytopenic
Purpura – Hemolytic Uremic Syndrome (TTP-HUS)
Registry - US
6. Serbian TTP Registry – SERBIA
7. Thrombotic Thrombocytopenia Purpura /
Thrombotic Microangiopathies Registry
(TTP/TMA) –AUSTRALIA
8. University of Alabama at Birmingham (UAB) TTP
Registry – US

6 Registries – DID NOT RESPOND
1. Biobank of the Sant Joan de Déu
Children's Hospital for Research
(BHISJDI) – SPAIN
2. Finnish Hematology Register and
Biobank (FHRB) - FINLAND
3. Germany TTP Registry – GERMANY
4. International Registry of Recurrent and
Familial Hemolytic Uremic Syndrome
(HUS) and Thrombotic
Thrombocytopenic Purpura (TTP) ITALY
5. National Haemophilia Register –
IRELAND
6. South East England Registry / UK TTP
Registry – UK

4 Registries NO RESOURCES/TIME;
1 Registry DECLINED
1. Canadian Apheresis Registry – CANADA
2. French Thrombotic Microangiopathies
Reference Centre – FRANCE
3. Ohio State University Registry – US
4. Upshaw-Schulman Syndrome registry –
AUSTRIA
5. Hereditary TTP Registry SWITZERLAND
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Figure G-2: List of participating registries
Country

Registry

Owner/principal
contact

Website

AUSTRALIA

Thrombotic
Thrombocytopenia Purpura /
Thrombotic
Microangiopathies Registry
(TTP/TMA)

Erica Wood

https://www.monash.edu/medicine/sphp
m/registries/ttp

SERBIA

Serbian TTP Registry
(Serbian registry of
hemophilia and von
Willebrand disease patients)

Danijela Mikovic

http://www.nbti.org.rs/cms/view.phphttps:
//
www.orpha.net/consor/cgibin/ResearchTrials_RegistriesMaterials.p
hp?lng=EN&data_id=72221&RegistryMa
terialName=Registar-osoba-sahemofilijom-i-von-Willebrandovimhttp://www.naramedu.ac.jp/university/english/subjects_and_d
epartments/university_hospital/central_cl
inical_facilities/department_of_blood_tra
nsfusion_medicine.html

JAPAN

Microangiopathies Database
of Nara Medical University

Masanori Matsumoto

KOREA

Korean TTP Registry (TTP
patients using rituximab)

Oh Doyeun

OKLAHOMA
(US)

Oklahoma Thrombotic
Thrombocytopenic Purpura–
Hemolytic Uremic Syndrome
(TTP-HUS) Registry

Sara K. Vesely

https://www.ouhsc.edu/platelets/TMA.ht
m

ITALY

Milan TTP Registry

Flora Peyvandi

http://rbdd.org/ttp/

ALABAMA
(US)

University of Alabama at
Birmingham – TTP Registry

X. Long Zheng

http://labs.uab.edu/zhengl/

KANSAS
(US)

HERON – Kansas University
Medical Centre

Reem Mustafa

http://www.kumc.edu/miea/medicalinformatics/heron.html
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Appendix H: Diagnostic framework
In a patient population with TMA (low Hb, plt <50, creat < 2.0, schistocytes) at low (20%)
intermediate (75%) and high (90%) clinical probability (*) of TTP, what is the optimal
diagnostic strategy to diagnose TTP?
POPULATION:

Patients with a low/ intermediate/high clinical probability of TTP

EVALUATED TESTS:

ADAMTS13

PURPOSE OF THE TEST:

Replacement of standard of care (clinical diagnosis)(**)

ROLE OF THE TEST:

Diagnosis of TTP – guiding management

LINKED TREATMENTS:

TPE, steroids, rituximab, caplacizumab (***).

ANTICIPATED STATES

False Negative
False Positive
True Negative
True Positive

ANTICIPATED OUTCOMES:

All-cause mortality
Platelet count recovery
Normal ADAMTS13 level
Exacerbation
Days in hospital /TPE
Relapse
Time to relapse
Quality of life
All cardiovascular events
Neurological events
Acute kidney injury / dialysis

SETTING:

Inpatient

PERSPECTIVE:

Clinical recommendation - population perspective

SUBGROUPS:

Hereditary vs immune TTP

PATHWAYS

Strategy A: ADAMTS13 test readily available
Strategy B: ADAMTS13 not available
Strategy C: ADAMTS13 available with delay

Notes:
(*) the probability of TTP is likely defined on geographical base (i.e. typical for given setting,
including for example the level of expertise of the center, or its nature of primary, secondary,
tertiary center). We have modeled the following scenarios: 90%, 75%, 20% of suspected cases
actually having the disease.
(**) “clinical diagnosis” has been left undefined, as the confidence in ruling in or out TTP may
vary.
(***) as to the treatment, we have modeled the following:
-for patients with positive ADAMTS13 measurement, we have assumed TPE, steroids, rituximab
and caplacizumab would be recommended.
-for patients with negative ADAMTS13 measurement, we have assumed TPE + steroids would
be recommended, as “standard of care” while completing the diagnostic work up
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For the scenario where no ADAMTS13 is available we have assumed that:
- in settings were a high prevalence of TTP is expected everyone gets treated as if having
TTP (i.e. TPE, steroids, rituximab and caplacizumab), whilst
- in settings were an intermediate or low prevalence of TTP is expected, either
o everyone gets treated as if having TTP or
o 50% of the cases are treated as having TTP (i.e. TPE, steroids, rituximab and
caplacizumab) and 50% as not having TTP (i.e. TPE + steroids).
For the sake of modeling, we have assumed the 50% split would be at random, as in a
likely scenario for a low clinical skill setting.
For the scenario where ADAMTS13 would be available, but delayed (Scenario C), we have
assumed the event rates would have been between immediate ADAMTS13 availability (Scenario
A) and no ADAMTS13 availability (Scenario B). Of course, the lesser the time lag, the closer the
event rate to scenario A.
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Appendix I: Diagnostic evidence profiles for ADAMTS13 assays
Question: Should ADAMTS13 activity be used to diagnose thrombotic thrombocytopenic purpura in patients with suspected TMA?
Summary: Twenty-three studies were identified reporting on operating characteristics of one or more types of ADAMTS13 assays for the diagnosis of TTP (<10 U/dL) compared
with a clinical diagnosis.
Eight studies with 599 patients reported on the FRETS assay and were pooled. The pooled sensitivity and specificity for FRETS assay were 94% (95% CI 82%-98%) and 99% (95%
CI 92%-100%), respectively.
Four studies with 168 patients reported on the collagen-binding assay and were pooled. The pooled sensitivity and specificity for collagen-binding assay were 93% (95% CI 78%98%) and 100% (95% CI 70%-100%), respectively.
Four studies with 441 patients reported on the immunoassay and were pooled. The pooled sensitivity and specificity for immunoassay were 69% (95% CI 62%-76%) and 97% (95%
CI 95%-99%), respectively.
Two studies with 81 reported on the ristocetin cofactor assay. The sensitivities and specificities of these studies could not be pooled, owing to no false positives occurring in both
studies. Bohm 2002 reported a sensitivity of 91% (95% CI 71%-99%) and specificity of 100% (95% CI 91%-100%). Studt 2003 reported a sensitivity of 83% (95% CI 52%-98%) and
specificity of 100% (05% CI 69%-100%).
I-1: Evidence profile: FRETS-VW7
Question: Should FRETS-VW7 assay to measure ADAMTS13 activity be used to diagnose thrombotic thrombocytopenic purpura in patients with suspected TMA?
Sensitivity

0.94 (95% CI: 0.82 to 0.98)

Specificity

0.99 (95% CI: 0.92 to 1.00)

Prevalence 20%

Factors that may decrease certainty of evidence
Outcome

№ of studies
Study
(№
of
design
patients)

Risk of bias

Indirectness Inconsistency Imprecision

True
positives 8
studies cohort &
(patients
with
thrombotic 599 patients casethrombocytopenic purpura)
control
type
studies

not serious

True
negatives 8
studies cohort &
(patients
without
thrombotic 599 patients
casethrombocytopenic purpura)
control
type
studies

not serious

False
positives 8
studies cohort &
(patients incorrectly classified as 599 patients casecontrol

not serious

not serious

not serious

not serious

not serious

75%

90%

Test accuracy
CoE

Effect per 1,000 patients tested

Publication
bias
none

none

pre-test
pre-test
pre-test
probability of probability of probability of
20%
75%
90%
188 (164 to 705 (615 to 846 (738 to
196)
735)
882)

792 (736 to 248 (230 to 99 (92 to 100)
800)
250)

⨁⨁⨁◯
MODERATE

⨁⨁⨁◯
MODERATE

not serious

not serious

none

8 (0 to 64)

2 (0 to 20)

1 (0 to 8)

⨁⨁⨁◯
MODERATE
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Factors that may decrease certainty of evidence
Outcome

having
thrombotic
thrombocytopenic purpura)

№ of studies
Study
(№
of
design
patients)

Risk of bias

Indirectness Inconsistency Imprecision

Test accuracy
CoE

Effect per 1,000 patients tested

Publication
bias

pre-test
pre-test
pre-test
probability of probability of probability of
20%
75%
90%

type
studies

False
negatives 8
studies cohort &
(patients incorrectly classified as 599 patients
casenot
having
thrombotic
control
thrombocytopenic purpura)
type
studies

not serious

not serious

not serious

none

12 (4 to 36)

45 (15 to 135)

54 (18 to 162)

⨁⨁⨁◯
MODERATE
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I-1 Forest plot – FRETS VW7
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I-2: Evidence profile: Collagen binding assay
Question: Should Collagen binding assay to measure ADAMTS13 activity be used to diagnose thrombotic thrombocytopenic purpura in patients with suspected TMA?
Sensitivity

0.93 (95% CI: 0.78 to 0.98)

Specificity

1.00 (95% CI: 0.70 to 1.00)

Prevalences 20%

Outcome

№ of studies
(№
of Study design
patients)

75%

90%

Factors that may decrease certainty of evidence

Effect per 1,000 patients tested

Risk of
Publication
Indirectness Inconsistency Imprecision
bias
bias

pre-test
probability
20%

True
positives 4
studies cohort & case- serious not serious
(patients
with
thrombotic 168 patients
control
type
thrombocytopenic purpura)
studies

not serious

True
negatives 4
studies cohort & case- serious not serious
(patients
without
thrombotic 168 patients
control
type
thrombocytopenic purpura)
studies

not serious

False
positives 4
studies cohort & case- serious not serious
(patients incorrectly classified as 168 patients
control
type
having
thrombotic
studies
thrombocytopenic purpura)

not serious

False
negatives 4
studies cohort & case- serious not serious
(patients incorrectly classified as 168 patients
control
type
not
having
thrombotic
studies
thrombocytopenic purpura)

not serious

not serious

none

pre-test
of probability
75%

Test
accuracy
CoE

pre-test
of probability
90%

of

186 (156 to 698 (585 to 837 (702 to
196)
735)
882)

⨁⨁⨁◯
MODERATE

not serious

none

800 (560 to 250 (175 to 100 (70
800)
250)
100)

to

⨁⨁⨁◯
MODERATE

not serious

none

0 (0 to 240)

0 (0 to 75)

0 (0 to 30)

⨁⨁⨁◯
MODERATE
not serious

none

14 (4 to 44)

52 (15 to 165)

63 (18 to 198)

⨁⨁⨁◯
MODERATE
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I-2: Forest plot: Collagen binding assay
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I-3: Evidence profile: immunoassay
Question: Should ADAMTS13 immunoassay be used to diagnose thrombotic thrombocytopenic purpura in patients with suspected TMA?

Sensitivity

0.69 (95% CI: 0.62 to 0.76)

Specificity

0.97 (95% CI: 0.95 to 0.99)

Prevalence 20%

Outcome

№ of studies
(№
of Study design
patients)

Effect per 1,000 patients tested

Risk of
Publication
Indirectness Inconsistency Imprecision
bias
bias

pre-test
probability
20%

cohort & case- serious not serious
control
type
studies

not serious

True
negatives
4 studies
(patients
without
thrombotic
441 patients
thrombocytopenic purpura)

cohort & case- serious not serious
control
type
studies

not serious

False
positives
(patients incorrectly classified as 4 studies
having
thrombotic 441 patients
thrombocytopenic purpura)

cohort & case- serious not serious
control
type
studies

not serious

serious not serious

not serious

cohort & casecontrol
type
studies

90%

Factors that may decrease certainty of evidence

True
positives
4 studies
(patients
with
thrombotic
441 patients
thrombocytopenic purpura)

False
negatives
(patients incorrectly classified as 4 studies
not
having
thrombotic 441 patients
thrombocytopenic purpura)

75%

not serious

none

138
(124 to 152)

pre-test
of probability
75%

Test
accuracy
CoE

pre-test
of probability
90%

of

518 (465 to 621 (558 to
570)
684)

⨁⨁⨁◯
MODERATE

not serious

none

776
(760 to 792)

243 (238 to 97 (95 to 99)
248)

⨁⨁⨁◯
MODERATE

not serious

none

24
(8 to 40)

7 (2 to 12)

3 (1 to 5)

⨁⨁⨁◯
MODERATE

not serious

none

62
(48 to 76)

232 (180 to 279 (216 to
285)
342)

⨁⨁⨁◯
MODERATE
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I-3: Forest plot: immunoassay
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I-4: Evidence profile: Ristocetin
Question: Should ristocetin assay to measure ADAMTS13 activity be used to diagnose thrombotic thrombocytopenic purpura in patients with suspected TMA?
Sensitivity

0.87 (95% CI: 0.52 to 0.99)

Specificity

1.00 (95% CI: 0.69 to 1.00)

Prevalences 20%

Outcome

№ of studies
(№
of Study design
patients)

75%

90%

Factors that may decrease certainty of evidence

Effect per 1,000 patients tested

Risk of
Publication
Indirectness Inconsistency Imprecision
bias
bias

pre-test
probability
20%

True
positives 2
studies cohort & case- serious not serious
(patients
with
thrombotic 81 patients
control
type
thrombocytopenic purpura)
studies

not serious

True
negatives 2
studies cohort & case- serious not serious
(patients
without
thrombotic 81 patients
control
type
thrombocytopenic purpura)
studies

not serious

False
positives 2
studies cohort & case- serious not serious
(patients incorrectly classified as 81 patients
control
type
having
thrombotic
studies
thrombocytopenic purpura)

not serious

False
negatives 2
studies cohort & case- serious not serious
(patients incorrectly classified as 81 patients
control
type
not
having
thrombotic
studies
thrombocytopenic purpura)

not serious

not serious

none

pre-test
of probability
75%

Test
accuracy
CoE

pre-test
of probability
90%

of

174 (104 to 653 (390 to 783 (468 to
198)
742)
891)

⨁⨁⨁◯
MODERATE

not serious

none

800 (552 to 250 (173 to 100 (69
800)
250)
100)

to

⨁⨁⨁◯
MODERATE

not serious

none

0 (0 to 248)

0 (0 to 77)

0 (0 to 31)

⨁⨁⨁◯
MODERATE
not serious

none

26 (2 to 96)

97 (8 to 360)

117 (9 to 432)

⨁⨁⨁◯
MODERATE
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I-5: Table: Summary of results of studies informing sensitivity and specificity of ADAMTS13 test

Test

Studies (patients)

FRETS
CBA
Immunoassays
Ristocetin

8 (599)
4 (168)
4 (441)
2 (81)

Sensitivity (95%
CI)
0.94 (0.82-0.98)
0.93 (0.87-0.98)
0.69 (0.62-0.76)
0.87 (0.52 - 0.99)

Specificity (95%
CI)
0.99 (0.92-1.00)
1.00 (0.70-1.00)
0.97 (0.95 - 0.99)
1.00 (0.69 – 1.00)

Quality of evidence
Moderate
Moderate
Moderate
Moderate
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Appendix J: Modelling of Diagnostic Test Accuracy: Numbers of True Positives, False Positives, False Negatives, True Negatives per 1000
population
J-1: Modelling of Diagnostic Test Accuracy for FRETS in a population of patients with TMA (defined as microangiopathic hemolytic anemia and
thrombocytopenia with platelets < 100 x 10 9/L, irrespective of renal function)
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Table J-1a: In a patient population with a low clinical probability (20%) of TTP, what is the optimal diagnostic strategy to manage TTP?
Strategy
Outcomes
A: ADAMTS13 (immediate)
B: clinical – no ADAMTS13
C: ADAMTS13 (with delay)
100% treated
50% Tx (Rnd)
True Positives
188
200
100
188
True Negatives
792
0
400
792
False Positives
8
800
400
8
False Negative
12
0
100
12
Table J-1b: In a patient population with an intermediate clinical probability (75%) of TTP, what is the optimal diagnostic strategy to manage TTP?

Outcomes

Strategy
A: ADAMTS13 (immediate)

True Positives
True Negatives
False Positives
False Negative

705
248
2
45

B: clinical – no ADAMTS13
100%
75% Rnd
750
562
0
62
250
187
0
187

C: ADAMTS13 (with delay)
705
248
2
45

Table J-1c: In a patient population with a high clinical probability (90%) of TTP, what is the optimal diagnostic strategy to manage TTP?
Strategy
Outcomes
A: ADAMTS13 (immediate)
B: clinical – no ADAMTS13
C: ADAMTS13 (with delay)
100%
90%
True Positives
846
900
810
846
True Negatives
99
0
10
99
False Positives
1
100
90
1
False Negative
54
0
90
54
Note: the probability of TTP is likely defined on geographical base (i.e. typical for given setting, including for example the level of expertise of the center, or its nature
of primary, secondary, tertiary center). clinical diagnosis may vary; we have assumed that most patients with plt<30 and creatinine <2 would be started on treatment,
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those with plt>30 and creatinine >2 would be worked up for alternative diagnosis. We will need to estimate how many in 1000 at low, intermediate or high probability
would be started on treatment on simple clinical ground.
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J-2: Modelling of Diagnostic Test Accuracy for Collagen Binding Assay in a population of patients with TMA TMA (defined as microangiopathic hemolytic
anemia and thrombocytopenia with platelets < 100 x 109/L, irrespective of renal function)
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)

Table J-2a: In a patient population with a low clinical probability (20%) of TTP, what is the optimal diagnostic strategy to manage TTP?
Strategy
Outcomes
A: ADAMTS13 (immediate)
B: clinical – no ADAMTS13
C: ADAMTS13 (with delay)
100% treated
50% Tx (Rnd)
True Positives
186
200
100
186
True Negatives
800
0
400
800
False Positives
0
800
400
0
False Negative
14
0
100
14
Table J-2b: In a patient population with an intermediate clinical probability (75%) of TTP, what is the optimal diagnostic strategy to manage TTP?
Strategy
Outcomes
A: ADAMTS13 (immediate)
B: clinical – no ADAMTS13
C: ADAMTS13 (with delay)
100%
75% Rnd
True Positives
698
750
562
698
True Negatives
250
0
62
250
False Positives
0
250
187
0
False Negative
52
0
187
52
Table J-2c: In a patient population with a high clinical probability (90%) of TTP, what is the optimal diagnostic strategy to manage TTP?
Strategy
Outcomes
A: ADAMTS13 (immediate)
B: clinical – no ADAMTS13
C: ADAMTS13 (with delay)
100%
90%
True Positives
837
900
810
837
True Negatives
100
0
10
100
False Positives
0
100
90
0
False Negative
63
0
90
63
Note: the probability of TTP is likely defined on geographical base (i.e. typical for given setting, including for example the level of expertise of the center, or its nature
of primary, secondary, tertiary center). Clinical diagnosis may vary; we have assumed that most patients with plt<30 and creatinine <2 would be started on treatment,
those with plt>30 and creatinine >2 would be worked up for alternative diagnosis. We have assumed that 100% or 50% of those at low, 100% or 75% of those
intermediate and 100% or 90% of those at high probability would be started on treatment on simple clinical ground.
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J-3: Modelling of Diagnostic Test Accuracy for ADAMTS13 immunoassay in a population of patients with TMA TMA (defined as microangiopathic
hemolytic anemia and thrombocytopenia with platelets < 100 x 109/L, irrespective of renal function)
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)

Table J-3a: In a patient population with a low clinical probability (20%) of TTP, what is the optimal diagnostic strategy to manage TTP?
Strategy
Outcomes
A: ADAMTS13 (immediate)
B: clinical – no ADAMTS13
C: ADAMTS13 (with delay)
100% treated
50% Tx (Rnd)
True Positives
138
200
100
138
True Negatives
776
0
400
776
False Positives
24
800
400
24
False Negative
62
0
100
62
Table J-3b: In a patient population with an intermediate clinical probability (75%) of TTP, what is the optimal diagnostic strategy to manage TTP?
Strategy
Outcomes
A: ADAMTS13 (immediate)
B: clinical – no ADAMTS13
C: ADAMTS13 (with delay)
100%
75% Rnd
True Positives
518
750
562
518
True Negatives
243
0
62
243
False Positives
7
250
187
7
False Negative
232
0
187
232
Table J-3c: In a patient population with a high clinical probability (90%) of TTP, what is the optimal diagnostic strategy to manage TTP?
Strategy
Outcomes
A: ADAMTS13 (immediate)
B: clinical – no ADAMTS13
C: ADAMTS13 (with delay)
100%
90%
True Positives
621
900
810
621
True Negatives
97
0
10
97
False Positives
3
100
90
3
False Negative
279
0
90
279
Note: the probability of TTP is likely defined on geographical base (i.e. typical for given setting, including for example the level of expertise of the center, or its nature
of primary, secondary, tertiary center). clinical diagnosis may vary; we have assumed that most patients with plt<30 and creatinine <2 would be started on treatment,
those with plt>30 and creatinine >2 would be worked up for alternative diagnosis. We will need to estimate how many in 1000 at low, intermediate or high probability
would be started on treatment on simple clinical ground.
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J-4: Modelling of Diagnostic Test Accuracy for Ristocetin assay in a population of patients with TMA TMA (defined as microangiopathic hemolytic anemia
and thrombocytopenia with platelets < 100 x 109/L, irrespective of renal function)
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)

Table J-4a: In a patient population with a low clinical probability (20%) of TTP, what is the optimal diagnostic strategy to manage TTP?
Strategy
Outcomes
A: ADAMTS13 (immediate)
B: clinical – no ADAMTS13
C: ADAMTS13 (with delay)
100% treated
50% Tx (Rnd)
True Positives
174
200
100
174
True Negatives
800
0
400
800
False Positives
0
800
400
0
False Negative
26
0
100
26
Table J-4b: In a patient population with an intermediate clinical probability (75%) of TTP, what is the optimal diagnostic strategy to manage TTP?
Strategy
Outcomes
A: ADAMTS13 (immediate)
B: clinical – no ADAMTS13
C: ADAMTS13 (with delay)
100%
75% Rnd
True Positives
653
750
562
653
True Negatives
250
0
62
250
False Positives
0
250
187
0
False Negative
97
0
187
97
Table J-4c: In a patient population with a high clinical probability (90%) of TTP, what is the optimal diagnostic strategy to manage TTP?
Strategy
Outcomes
A: ADAMTS13 (immediate)
B: clinical – no ADAMTS13
C: ADAMTS13 (with delay)
100%
90%
True Positives
783
900
810
783
True Negatives
100
0
10
100
False Positives
0
100
90
0
False Negative
117
0
90
117
Note: the probability of TTP is likely defined on geographical base (i.e. typical for given setting, including for example the level of expertise of the center, or its nature
of primary, secondary, tertiary center). clinical diagnosis may vary; we have assumed that most patients with plt<30 and creatinine <2 would be started on treatment,
those with plt>30 and creatinine >2 would be worked up for alternative diagnosis. We will need to estimate how many in 1000 at low, intermediate or high probability
would be started on treatment on simple clinical ground.
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Appendix K: Modelling of Diagnostic Test Accuracy: Outcome events per 1000 population

Table K-1: Effects of the treatment of interest on the selected patient important outcomes used for the diagnostic pathways under assessment

TPE alone
TPE + steroids
TPE + steroids + rituximab
TPE + steroids + rituxiamb + caplaciuzmab

Death
20%
8%
6%

Plt recovery
70%
90%
86%

ADAMTS13

Relapse

Day in hospital

94%

Exacerbation
52%
22%
35%

39%
17%

14%

SAE
20-60
27%
21%

1%

88%

88%

6%

13%

10%

34%

K-2: Modelling of Diagnostic Test Accuracy (FRETS) in a population of patients with TMA TMA (defined as microangiopathic hemolytic anemia and
thrombocytopenia with platelets < 100 x 109/L, irrespective of renal function)K-2a) In a patient population of TMA patients with a low clinical probability
(20%) of TTP, what is the optimal diagnostic strategy to manage TTP among:
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables

Strategy
A
188
792
8
12
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

1.9
*TMA
*TMA
0.96
2.8

165.4
*TMA
*TMA
10.8
176.2

165.4
*TMA
*TMA
0
165.4

11.3
*TMA
*TMA
2.64
13.9

24.4
*TMA
*TMA
4.68
29.1

18.8
*TMA
*TMA
0
18.8

63.9
0
2.7
3.24
69.9

Strategy
B
200
0
800
0
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

2.0
*TMA
*TMA
*crtl rate
2.0

176.0
*TMA
*TMA
*crtl rate
176.0

176.0
*TMA
*TMA
*crtl rate
176.0

12.0
*TMA
*TMA
*crtl rate
12.0

26.0
*TMA
*TMA
*crtl rate
26.0

20.0
*TMA
*TMA
*crtl rate
20.0

68.0
0
272.0
0
340.0

Strategy
B

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

Outcomes

SAE
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TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

100
400
400
100
---

1.0
*TMA
*TMA
8
9.0

88.0
*TMA
*TMA
90
178.0

88.0
*TMA
*TMA
0
88.0

6.0
*TMA
*TMA
22
28.0

13.0
*TMA
*TMA
39
52.0

10.0
*TMA
*TMA
0
10.0

34.0
0
136.0
27
197.0
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K-2b) In a patient population of TMA patients with an intermediate clinical probability (75%) of TTP, what is the optimal diagnostic strategy to manage
TTP among:
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables

Strategy
A
705
248
2
45
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

7.1
*TMA
*TMA
3.6
10.7

620.4
*TMA
*TMA
40.5
660.9

620.4
*TMA
*TMA
0
620.4

42.3
*TMA
*TMA
9.9
52.2

91.7
*TMA
*TMA
17.55
109.2

70.5
*TMA
*TMA
0
70.5

239.7
0
0.7
12.15
252.5

Strategy
B (100)
750
0
250
0
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

7.5
*TMA
*TMA
*crtl rate
7.5

660.0
*TMA
*TMA
*crtl rate
660.0

660.0
*TMA
*TMA
*crtl rate
660.0

45.0
*TMA
*TMA
*crtl rate
45.0

97.5
*TMA
*TMA
*crtl rate
97.5

75.0
*TMA
*TMA
*crtl rate
75.0

255.0
0
85.0
0
340.0

Strategy
B (75)
562
62
187
187
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

5.6
*TMA
*TMA
14.96
20.6

494.6
*TMA
*TMA
168.3
662.9

494.6
*TMA
*TMA
0
494.6

33.7
*TMA
*TMA
41.14
74.9

73.1
*TMA
*TMA
72.93
146.0

56.2
*TMA
*TMA
0
56.2

191.1
0
63.6
50.49
305.2
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K-2c) In a patient population of TMA patients with a high clinical probability (90%) of TTP, what is the optimal diagnostic strategy to manage TTP among:

Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables

Strategy
A
846
99
1
54
---

Death

Exacerbation

Days H/TPE

Relapse

QoL

Time to R

SAE (All)

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

8.5
*TMA
*TMA
4.32
12.8

744.5
*TMA
*TMA
48.6
793.1

744.5
*TMA
*TMA
0
744.5

50.8
*TMA
*TMA
11.88
62.6

110.0
*TMA
*TMA
21.06
131.0

84.6
*TMA
*TMA
0
84.6

287.6
0
0.3
14.58
302.6

Strategy
B (100)
900
0
100
0
---

Death

Exacerbation

Days H/TPE

Relapse

QoL

Time to R

SAE (All)

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

9.0
*TMA
*TMA
*crtl rate
9.0

792.0
*TMA
*TMA
*crtl rate
792.0

792.0
*TMA
*TMA
*crtl rate
792.0

54.0
*TMA
*TMA
*crtl rate
54.0

117.0
*TMA
*TMA
*crtl rate
117.0

90.0
*TMA
*TMA
*crtl rate
90.0

306.0
0
34.0
0
340.0

Strategy
B (90)
810
10
90
90
---

Death

Exacerbation

Days H/TPE

Relapse

QoL

Time to R

SAE (All)

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

8.1
*TMA
*TMA
7.2
15.3

712.8
*TMA
*TMA
81
793.8

712.8
*TMA
*TMA
0
712.8

48.6
*TMA
*TMA
19.8
68.4

105.3
*TMA
*TMA
35.1
140.4

81.0
*TMA
*TMA
0
81.0

275.4
0
30.6
24.3
330.3
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K-3: Modelling of Diagnostic Test Accuracy (Collagen Binding Assay) in a population of patients with TMA TMA (defined as microangiopathic hemolytic
anemia and thrombocytopenia with platelets < 100 x 109/L, irrespective of renal function)K-3a) In a patient population of TMA patients with a low clinical
probability (20%) of TTP, what is the optimal diagnostic strategy to manage TTP among:
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables

Strategy
A
186
800
0
14
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

1.9
*TMA
*TMA
1.12
3.0

163.7
*TMA
*TMA
12.6
176.3

163.7
*TMA
*TMA
0
163.7

11.2
*TMA
*TMA
3.08
14.2

24.2
*TMA
*TMA
5.46
29.6

18.6
*TMA
*TMA
0
18.6

63.2
0
*Treat rate
3.78
67.0

(treating all)
Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

Strategy
B
200
0
800
0
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

2.0
*TMA
*TMA
*crtl rate
2.0

176.0
*TMA
*TMA
*crtl rate
176.0

176.0
*TMA
*TMA
*crtl rate
176.0

12.0
*TMA
*TMA
*crtl rate
12.0

26.0
*TMA
*TMA
*crtl rate
26.0

20.0
*TMA
*TMA
*crtl rate
20.0

68.0
0
272.0
0
340.0

(treating 50%)
Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

Strategy
B
100
400
400
100
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

1.0
*TMA
*TMA
8
9.0

88.0
*TMA
*TMA
90
178.0

88.0
*TMA
*TMA
0
88.0

6.0
*TMA
*TMA
22
28.0

13.0
*TMA
*TMA
39
52.0

10.0
*TMA
*TMA
0
10.0

34.0
0
136.0
27
197.0
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K-3b) In a patient population of TMA patients with an intermediate clinical probability (75%) of TTP, what is the optimal diagnostic strategy to manage TTP

among:

Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables

Strategy
A
698
250
0
52
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

7.0
*TMA
*TMA
4.16
11.1

614.2
*TMA
*TMA
46.8
661.0

614.2
*TMA
*TMA
0
614.2

41.9
*TMA
*TMA
11.44
53.3

90.7
*TMA
*TMA
20.28
111.0

69.8
*TMA
*TMA
0
69.8

237.3
0
*Treat rate
14.04
251.4

(treating all)
Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

Strategy
B
750
0
250
0
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

7.5
*TMA
*TMA
*crtl rate
7.5

660.0
*TMA
*TMA
*crtl rate
660.0

660.0
*TMA
*TMA
*crtl rate
660.0

45.0
*TMA
*TMA
*crtl rate
45.0

97.5
*TMA
*TMA
*crtl rate
97.5

75.0
*TMA
*TMA
*crtl rate
75.0

255.0
0
85.0
0
340.0

(treating 75%)
Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

Strategy
B
562
62
187
187
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

5.6
*TMA
*TMA
14.96
20.6

494.6
*TMA
*TMA
168.3
662.9

494.6
*TMA
*TMA
0
494.6

33.7
*TMA
*TMA
41.14
74.9

73.1
*TMA
*TMA
72.93
146.0

56.2
*TMA
*TMA
0
56.2

191.1
0
63.6
50.49
305.2
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K-3c) In a patient population of TMA patients with a high clinical probability (90%) of TTP, what is the optimal diagnostic strategy to manage TTP among:
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables

Strategy
A
837
100
0
63
---

Death

Exacerbation

Days H/TPE

Relapse

QoL

Time to R

SAE (All)

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

8.4
*TMA
*TMA
5.04
13.4

736.6
*TMA
*TMA
56.7
793.3

736.6
*TMA
*TMA
0
736.6

50.2
*TMA
*TMA
13.86
64.1

108.8
*TMA
*TMA
24.57
133.4

83.7
*TMA
*TMA
0
83.7

284.6
0
*Treat rate
17.01
301.6

Strategy
B
900
0
100
0
---

Death

Exacerbation

Days H/TPE

Relapse

QoL

Time to R

SAE (All)

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

9.0
*TMA
*TMA
*crtl rate
9.0

792.0
*TMA
*TMA
*crtl rate
792.0

792.0
*TMA
*TMA
*crtl rate
792.0

54.0
*TMA
*TMA
*crtl rate
54.0

117.0
*TMA
*TMA
*crtl rate
117.0

90.0
*TMA
*TMA
*crtl rate
90.0

306.0
0
34.0
0
340.0

Strategy
B
810
10
90
90
---

Death

Exacerbation

Days H/TPE

Relapse

QoL

Time to R

SAE (All)

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

8.1
*TMA
*TMA
7.2
15.3

712.8
*TMA
*TMA
81
793.8

712.8
*TMA
*TMA
0
712.8

48.6
*TMA
*TMA
19.8
68.4

105.3
*TMA
*TMA
35.1
140.4

81.0
*TMA
*TMA
0
81.0

275.4
0
30.6
24.3
330.3
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K-4: Modelling of Diagnostic Test Accuracy (Immunoassay) in a population of patients with TMA (defined as microangiopathic hemolytic anemia and
thrombocytopenia with platelets < 100 x 109/L, irrespective of renal function)K-4a) In a patient population of TMA patients with a low clinical probability
(20%) of TTP, what is the optimal diagnostic strategy to manage TTP among:

Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables

Strategy
A
138
776
24
62
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

1.4
*TMA
*TMA
4.96
6.3

121.4
*TMA
*TMA
55.8
177.2

121.4
*TMA
*TMA
0
121.4

8.3
*TMA
*TMA
13.64
21.9

17.9
*TMA
*TMA
24.18
42.1

13.8
*TMA
*TMA
0
13.8

46.9
0
8.2
16.74
71.8

Strategy
B
200
0
800
0
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

2.0
*TMA
*TMA
*crtl rate
2.0

176.0
*TMA
*TMA
*crtl rate
176.0

176.0
*TMA
*TMA
*crtl rate
176.0

12.0
*TMA
*TMA
*crtl rate
12.0

26.0
*TMA
*TMA
*crtl rate
26.0

20.0
*TMA
*TMA
*crtl rate
20.0

68.0
0
272
*crtl rate
340.0

Strategy
B
100
400
400
100
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

1.0
*TMA
*TMA
8
9.0

88.0
*TMA
*TMA
90
178.0

88.0
*TMA
*TMA
0
88.0

6.0
*TMA
*TMA
22
28.0

13.0
*TMA
*TMA
39
52.0

10.0
*TMA
*TMA
0
10.0

34.0
0
136
27
197.0
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K-4b) In a patient population of TMA patients with an intermediate clinical probability (75%) of TTP, what is the optimal diagnostic strategy to manage
TTP among:

Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables

Strategy
A
518
243
7
232
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

5.2
*TMA
*TMA
18.56
23.7

455.8
*TMA
*TMA
208.8
664.6

455.8
*TMA
*TMA
0
455.8

31.1
*TMA
*TMA
51.04
82.1

67.3
*TMA
*TMA
90.48
157.8

51.8
*TMA
*TMA
0
51.8

176.1
0
2.4
62.64
241.1

Strategy
B
750
0
250
0
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

7.5
*TMA
*TMA
*crtl rate
7.5

660.0
*TMA
*TMA
*crtl rate
660.0

660.0
*TMA
*TMA
*crtl rate
660.0

45.0
*TMA
*TMA
*crtl rate
45.0

97.5
*TMA
*TMA
*crtl rate
97.5

75.0
*TMA
*TMA
*crtl rate
75.0

255.0
0
85.0
*crtl rate
340.0

Strategy
B
562
62
187
187
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

5.6
*TMA
*TMA
14.96
20.6

494.6
*TMA
*TMA
168.3
662.9

494.6
*TMA
*TMA
0
494.6

33.7
*TMA
*TMA
41.14
74.9

73.1
*TMA
*TMA
72.93
146.0

56.2
*TMA
*TMA
0
56.2

191.1
0
63.6
50.49
305.2
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K-4c) In a patient population of TMA patients with a high clinical probability (90%) of TTP, what is the optimal diagnostic strategy to manage TTP among:
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables

Strategy
A
621
97
3
279
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

6.2
*TMA
*TMA
22.32
28.5

546.5
*TMA
*TMA
251.1
797.6

546.5
*TMA
*TMA
0
546.5

37.3
*TMA
*TMA
61.38
98.6

80.7
*TMA
*TMA
108.81
189.5

62.1
*TMA
*TMA
0
62.1

211.1
0
1.0
75.33
287.5

Strategy
B
900
0
100
0
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

9.0
*TMA
*TMA
*crtl rate
9.0

792.0
*TMA
*TMA
*crtl rate
792.0

792.0
*TMA
*TMA
*crtl rate
792.0

54.0
*TMA
*TMA
*crtl rate
54.0

117.0
*TMA
*TMA
*crtl rate
117.0

90.0
*TMA
*TMA
*crtl rate
90.0

306.0
0
34.0
0
340.0

Strategy
B
810
10
90
90
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

8.1
*TMA
*TMA
7.2
15.3

712.8
*TMA
*TMA
81
793.8

712.8
*TMA
*TMA
0
712.8

48.6
*TMA
*TMA
19.8
68.4

105.3
*TMA
*TMA
35.1
140.4

81.0
*TMA
*TMA
0
81.0

275.4
0
30.6
24.3
330.3
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K-5: Modelling of Diagnostic Test Accuracy (Ristocetin) in a population of patients with TMA (defined as microangiopathic hemolytic anemia and
thrombocytopenia with platelets < 100 x 109/L, irrespective of renal function)K-5a) In a patient population of TMA patients with a low clinical probability
(20%) of TTP, what is the optimal diagnostic strategy to manage TTP among:
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables

Strategy
A
174
800
0
26
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

1.7
*TMA
*TMA
2.08
3.8

153.1
*TMA
*TMA
23.4
176.5

153.1
*TMA
*TMA
0
153.1

10.4
*TMA
*TMA
5.72
16.2

22.6
*TMA
*TMA
10.14
32.8

17.4
*TMA
*TMA
0
17.4

59.2
0
*Treat rate
7.02
66.2

Strategy
B
200
0
800
0
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

2.0
*TMA
*TMA
*crtl rate
2.0

176.0
*TMA
*TMA
*crtl rate
176.0

176.0
*TMA
*TMA
*crtl rate
176.0

12.0
*TMA
*TMA
*crtl rate
12.0

26.0
*TMA
*TMA
*crtl rate
26.0

20.0
*TMA
*TMA
*crtl rate
20.0

68.0
0
272.0
0
340.0

Strategy
B
100
400
400
100
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

1.0
*TMA
*TMA
8
9.0

88.0
*TMA
*TMA
90
178.0

88.0
*TMA
*TMA
0
88.0

6.0
*TMA
*TMA
22
28.0

13.0
*TMA
*TMA
39
52.0

10.0
*TMA
*TMA
0
10.0

34.0
0
136.0
27
197.0
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K-5b) In a patient population of TMA patients with an intermediate clinical probability (75%) of TTP, what is the optimal diagnostic strategy to manage
TTP among:
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables

Strategy
A
653
250
0
97
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

6.5
*TMA
*TMA
7.76
14.3

574.6
*TMA
*TMA
87.3
661.9

574.6
*TMA
*TMA
0
574.6

39.2
*TMA
*TMA
21.34
60.5

84.9
*TMA
*TMA
37.83
122.7

65.3
*TMA
*TMA
0
65.3

222.0
0
*Treat rate
26.19
248.2

Strategy
B
750
0
250
0
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

7.5
*TMA
*TMA
*crtl rate
7.5

660.0
*TMA
*TMA
*crtl rate
660.0

660.0
*TMA
*TMA
*crtl rate
660.0

45.0
*TMA
*TMA
*crtl rate
45.0

97.5
*TMA
*TMA
*crtl rate
97.5

75.0
*TMA
*TMA
*crtl rate
75.0

255.0
0
85.0
0
340.0

Strategy
B
562
62
187
187
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

7.1
*TMA
*TMA
14.96
20.6

620.4
*TMA
*TMA
168.3
662.9

620.4
*TMA
*TMA
0
494.6

42.3
*TMA
*TMA
41.14
74.9

91.7
*TMA
*TMA
72.93
146.0

70.5
*TMA
*TMA
0
56.2

239.7
0
63.6
50.49
305.2
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K-5c) In a patient population of TMA patients with a high clinical probability (90%) of TTP, what is the optimal diagnostic strategy to manage TTP among:
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables

Strategy
A
783
100
0
117
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

7.8
*TMA
*TMA
9.36
17.2

689.0
*TMA
*TMA
105.3
794.3

689.0
*TMA
*TMA
0
689.0

47.0
*TMA
*TMA
25.74
72.7

101.8
*TMA
*TMA
45.63
147.4

78.3
*TMA
*TMA
0
78.3

266.2
0
*Treat rate
31.59
297.8

Strategy
B
900
0
100
0
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

9.0
*TMA
*TMA
*crtl rate
9.0

792.0
*TMA
*TMA
*crtl rate
792.0

792.0
*TMA
*TMA
*crtl rate
792.0

54.0
*TMA
*TMA
*crtl rate
54.0

117.0
*TMA
*TMA
*crtl rate
117.0

90.0
*TMA
*TMA
*crtl rate
90.0

306.0
0
34.0
0
340.0

Strategy
B
810
10
90
90
---

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

Outcomes
TP (treated)
TN (untreated)
FP (treated)
FN (untreated)
Total

8.1
*TMA
*TMA
7.2
15.3

712.8
*TMA
*TMA
81
793.8

712.8
*TMA
*TMA
0
712.8

48.6
*TMA
*TMA
19.8
68.4

105.3
*TMA
*TMA
35.1
140.4

81.0
*TMA
*TMA
0
81.0

275.4
0
30.6
24.3
330.3
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Appendix L: Modelling of Diagnostic Test Accuracy: Event rates per 1000 population for each diagnostic scenario
L-1: Modelling of Diagnostic Test Accuracy (FRETS) in a population of patients with TMA (defined as microangiopathic hemolytic anemia and
thrombocytopenia with platelets < 100 x 109/L, irrespective of renal function)L 1a) In a patient population of TMA patients with a low clinical probability
(20%) of TTP, what is the optimal diagnostic strategy to manage TTP among:
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables

Outcomes
Total
Total
Total

Strategy

Death

Plt recovery

ADAMTS13

Exacerbations

Relapse

Day hosp

SAE

A
B (100)
B (20)

2.8

176.2

165.4

13.9

29.1

18.8

69.9

2.0

176.0

176.0

12.0

26.0

20.0

340.0

10.0

197.0

9.0
178.0
88.0
28.0
52.0
Note: Bold numbers represent the most favourable scenario; italic numbers represent the least favourable scenario

L-1b) In a patient population of TMA patients with an intermediate clinical probability (75%) of TTP, what is the optimal diagnostic strategy to manage
TTP among:
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables
Strategy

Death

Plt recovery

ADAMTS13

Exacerbations

Relapse

Day hosp

Outcomes
Total
A
10.7
660.9
620.4
52.2
109.2
70.5
Total
B (100)
7.5
660.0
660.0
45.0
97.5
75.0
Total
B (75)
20.6
662.9
494.6
74.9
146.0
56.2
Note: Bold numbers represent the most favourable scenario; italic numbers represent the least favourable scenario

SAE

252.5
340.0
305.2

L-1c) In a patient population of TMA patients with a high clinical probability (90%) of TTP, what is the optimal diagnostic strategy to manage TTP among:
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables
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Strategy

Death

Plt recovery

ADAMTS13

Exacerbations

Relapse

Day hosp

SAE

A
B (100)
B (90)

12.8

793.1

744.5

62.6

131.0

84.6

302.6

9.0

792.0

792.0

54.0

117.0

90.0

340.0

15.3
793.8
712.8
68.4
140.4
81.0
Note: Bold numbers represent the most favourable scenario; italic numbers represent the least favourable scenario

330.3

Outcomes
Total
Total
Total
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L-2: Modelling of Diagnostic Test Accuracy (Collagen Binding Assay) in a population of patients with TMA (defined as microangiopathic hemolytic anemia
and thrombocytopenia with platelets < 100 x 109/L, irrespective of renal function)L-2a) In a patient population of TMA patients with a low clinical probability
(20%) of TTP, what is the optimal diagnostic strategy to manage TTP among:
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables
Strategy

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

A
B (100)
B (20)

3.0

176.3

163.7

14.2

29.6

18.6

67.0

2.0

176.0

176.0

12.0

26.0

20.0

340.0

9.0
178.0
88.0
28.0
52.0
10.0
Note: Bold numbers represent the most favourable scenario; italic numbers represent the least favourable scenario

197.0

Outcomes
Total
Total
Total

L-2b) In a patient population of TMA patients with an intermediate clinical probability (75%) of TTP, what is the optimal diagnostic strategy to manage
TTP among:
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables

Strategy

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

Outcomes
Total
A
11.1
661.0
614.2
53.3
111.0
69.8
Total
B (100)
7.5
660.0
660.0
45.0
97.5
75.0
Total
B (75)
20.6
662.9
494.6
74.9
146.0
56.2
Note: Bold numbers represent the most favourable scenario; italic numbers represent the least favourable scenario

SAE
251.4
340.0
305.2

L-2c) In a patient population of TMA patients with a high clinical probability (90%) of TTP, what is the optimal diagnostic strategy to manage TTP among:
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables
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Strategy
Death
Plt recovery
ADAMTS13
exacerbations relapse
Outcomes
Total
Total

day hosp

SAE

A

A
13.4
793.3
736.6
64.1
133.4
83.7
B (100)
9.0
792.0
792.0
54.0
117.0
90.0
Total
B (90)
15.3
793.8
712.8
68.4
140.4
81.0
Note: Bold numbers represent the most favourable scenario; italic numbers represent the least favourable scenario

301.6

340.0
330.3
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L-3: Modelling of Diagnostic Test Accuracy (Immunoassay) in a population of patients with TMA (defined as microangiopathic hemolytic anemia and
thrombocytopenia with platelets < 100 x 109/L, irrespective of renal function)L-3a) In a patient population of TMA patients with a low clinical probability
(20%) of TTP, what is the optimal diagnostic strategy to manage TTP among:
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables

Strategy
Outcomes
Total
Total
Total

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

A
B (100)
B (20)

6.3
177.2
121.4
21.9
42.1
13.8
2.0
176.0
176.0
12.0
26.0
20.0
9.0
178.0
88.0
28.0
52.0
10.0
Note: Bold numbers represent the most favourable scenario; italic numbers represent the least favourable scenario

SAE
71.8
340.0
197.0

L-3b) In a patient population of TMA patients with an intermediate clinical probability (75%) of TTP, what is the optimal diagnostic strategy to manage
TTP among:
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables

Strategy
Death
Plt recovery
ADAMTS13
exacerbations relapse
Outcomes
Total
A
23.7
664.6
455.8
82.1
157.8
Total
B (100)
7.5
660.0
660.0
45.0
97.5
Total
B (75)
20.6
662.9
494.6
74.9
146.0
Note: Bold numbers represent the most favourable scenario; italic numbers represent the least favourable scenario

day hosp

SAE

51.8
75.0
56.2

241.1
340.0
305.2

L-3c) In a patient population of TMA patients with a high clinical probability (90%) of TTP, what is the optimal diagnostic strategy to manage TTP among:
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables

Strategy

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE
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Outcomes
A
Total
A
28.5
797.6
546.5
98.6
189.5
62.1
Total
B (100)
9.0
792.0
792.0
54.0
117.0
90.0
Total
B (90)
15.3
793.8
712.8
68.4
140.4
81.0
Note: Bold numbers represent the most favourable scenario; italic numbers represent the least favourable scenario

287.5
340.0
330.3
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L-4: Modelling of Diagnostic Test Accuracy (Ristocetin) in a population of patients with TMA (defined as microangiopathic hemolytic anemia and
thrombocytopenia with platelets < 100 x 109/L, irrespective of renal function)
L-4a) In a patient population of TMA patients with a low clinical probability (20%) of TTP, what is the optimal diagnostic strategy to manage TTP among:
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables

Strategy
Death
Plt recovery
ADAMTS13
exacerbations relapse
Outcomes
Total
A
3.8
176.5
153.1
16.2
32.8
Total
B (100)
2.0
176.0
176.0
12.0
26.0
Total
B (20)
9.0
178.0
88.0
28.0
52.0
Note: Bold numbers represent the most favourable scenario; italic numbers represent the least favourable scenario

day hosp

SAE

17.4
20.0
10.0

66.2
340.0
197.0

L-4b) In a patient population of TMA patients with an intermediate clinical probability (75%) of TTP, what is the optimal diagnostic strategy to manage
TTP among:
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables

Strategy
Death
Plt recovery
ADAMTS13
exacerbations relapse
Outcomes
Total
A
14.3
661.9
574.6
60.5
122.7
Total
B (100)
7.5
660.0
660.0
45.0
97.5
Total
B (75)
20.6
662.9
494.6
74.9
146.0
Note: Bold numbers represent the most favourable scenario; italic numbers represent the least favourable scenario

day hosp

SAE

65.3
75.0
56.2

248.2
340.0
305.2

L-4c) In a patient population of TMA patients with a high clinical probability (90%) of TTP, what is the optimal diagnostic strategy to manage TTP among:
Scenario A: a pathway where ADAMTS13 activity measurement is readily available (i.e., within 72 hours)
Scenario B: a pathway where ADAMTS13 measurement is NOT available
Scenario C: a pathway where ADAMTS13 activity measurement is available with delay (i.e., after 72 hours)
Note: Scenario C was considered to be functionally similar to Scenario A, and omitted in these tables
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Strategy
Death
Plt recovery
ADAMTS13
exacerbations relapse
Outcomes
Total
A
17.2
794.3
689.0
72.7
147.4
Total
B (100)
9.0
792.0
792.0
54.0
117.0
Total
B (90)
15.3
793.8
712.8
68.4
140.4
Note: Bold numbers represent the most favourable scenario; italic numbers represent the least favourable scenario

day hosp

SAE

78.3
90.0
81.0

297.8
340.0
330.3
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L-5: SUMMARY: Modelling of Diagnostic Test Accuracy in a population of patients with TMA (defined as microangiopathic hemolytic anemia and
thrombocytopenia with platelets < 100 x 10 9/L, irrespective of renal function)
Pathways A: ADAMTS13 (immediate)
L-5a) In a patient population of TMA patients with a low clinical probability (20%) of TTP, what is the optimal diagnostic strategy to manage TTP among:

Outcomes
Total
Total
Total
Total

Strategy

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

IA
CBA
FRETS
RISTO

6.3
3.0
2.8
3.8

177.2
176.3
176.2
176.5

121.4
163.7
165.4
153.1

21.9
14.2
13.9
16.2

42.1
29.6
29.1
32.8

13.8
18.6
18.8
17.4

71.8
67.0
69.9
66.2

L-5b) In a patient population of TMA patients with an intermediate clinical probability (75%) of TTP, what is the optimal diagnostic strategy to manage
TTP among:

Outcomes
Total
Total
Total
Total

Strategy

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

IA
CBA
FRETS
RISTO

23.7
11.1
10.7
20.6

664.6
661.0
660.9
662.9

455.8
614.2
620.4
494.6

82.1
53.3
52.2
74.9

157.8
111.0
109.2
146.0

51.8
69.8
70.5
56.2

241.1
251.4
252.5
305.2

L-5c) In a patient population of TMA patients with a high clinical probability (90%) of TTP, what is the optimal diagnostic strategy to manage TTP among:

Outcomes
Total
Total
Total
Total

Strategy

Death

Plt recovery

ADAMTS13

exacerbations

relapse

day hosp

SAE

IA
CBA
FRETS
RISTO

28.5
13.4
12.8
15.3

797.6
793.3
793.1
793.8

546.5
736.6
744.5
712.8

98.6
64.1
62.6
68.4

189.5
133.4
131.0
140.4

62.1
83.7
84.6
81.0

287.5
301.6
302.6
330.3

273

ISTH Guideline for the Diagnosis and Management of Thrombotic Thrombocytopenic Purpura

Appendix M: Forest plots
M-1: Should TPE + steroids vs. TPE alone be used for patients with immune TTP experiencing a first acute event?
Outcome: All-cause mortality, comparative studies

Outcome: All-cause mortality, single arm studies, PEX plus steroids
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Outcome: Mortality, single arm studies, PEX alone
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Outcome: Platelet count recovery, comparative studies

Outcome: Platelet count recovery, single arm studies, PEX plus steroids
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Outcome: Platelet count recovery, single arm studies, PEX alone

278

ISTH Guideline for the Diagnosis and Management of Thrombotic Thrombocytopenic Purpura
Outcome: Normal ADAMTS13 levels, single arm studies, PEX plus steroids

Outcome: Exacerbation, single arm studies, PEX plus steroids
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Outcome: Relapse, comparative studies

Outcome: Relapse, single arm studies, PEX plus steroids

281

ISTH Guideline for the Diagnosis and Management of Thrombotic Thrombocytopenic Purpura
Outcome: Relapse, single arm studies, PEX alone
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Outcome: All CV events, single arm studies, PEX plus steroids

Outcome: All CV events, single arm studies, PEX alone
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Outcome: Stroke/TIA/clinically obvious neurological deficit, comparative studies

Outcome: Stroke/TIA/clinically obvious neurological deficit, single arm studies, PEX plus steroids

Outcome: Stroke/TIA/clinically obvious neurological deficit, single arm studies, PEX alone
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Outcome: Acute kidney injury/dialysis, comparative studies

Outcome: Adverse events, single arm studies, PEX plus steroids

Outcome: Serious adverse events, single arm studies, PEX alone
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M-2: Should rituximab added to TPE + steroids vs. TPE + steroids be used for patients with immune TTP experiencing a first acute event?
Outcome: All-cause mortality, comparative studies

Outcome: All-cause mortality, single arm studies, rituximab plus PEX plus steroids
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Outcome: Platelet count recovery, single arm studies, rituximab plus PEX plus steroids
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Outcome: Normal ADAMTS13 level, single arm studies, rituximab plus PEX plus steroids

Outcome: Exacerbation, single arm studies, rituximab plus PEX plus steroids
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Outcome: Days in hospital, comparative studies

Outcome: Relapse, comparative studies

292

ISTH Guideline for the Diagnosis and Management of Thrombotic Thrombocytopenic Purpura
Outcome: Relapse, single arm studies, rituximab plus PEX plus steroids
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Outcome: All cardiovascular events, single arm studies, rituximab plus PEX plus steroids
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Outcome: Stroke/TIA/other neurologic event, single arm studies, rituximab plus PEX plus steroids

Outcome: Acute kidney injury/dialysis, single arm studies, rituximab plus PEX plus steroids
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Outcome: Any adverse event, single arm studies, rituximab plus PEX plus steroids
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M-3: Should TPE plus steroids vs TPE alone be used for patients with immune TTP experiencing a relapse?
Outcome: all-cause mortality, single arm studies, PEX plus steroids

Outcome: Platelet count recovery, single arm studies, PEX plus steroids
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Outcome: Normal ADAMTS13 level, single arm studies, PEX plus steroids

Outcome: Exacerbation, single arm studies, PEX plus steroids
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Outcome: Relapse, comparative studies

Outcome: Relapse, single arm studies, PEX plus steroids
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Outcome: Adverse events, single arm studies, PEX plus steroids
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M-4: Should rituximab added to TPE + steroids vs TPE + steroids ve used for patients with immune TTP experiencing a relapse?
Outcome: All-cause mortality, single arm studies, rituximab plus PEX plus steroids
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Outcome: Platelet count recovery, single arm studies, rituximab plus PEX plus steroids
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Outcome: Normal ADAMTS13, single arm studies, rituximab plus PEX plus steroids

Outcome: Days in hospital, comparative studies
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Outcome: Relapse, comparative studies

Outcome: Relapse, single arm studies, rituximab plus PEX plus steroids
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Outcome: Adverse events, comparative studies

Outcome: Adverse events, single arm studies, rituximab plus PEX plus steroids
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M-5: Should caplacizumab vs no caplacizumab be used for patients with immune TTP experiencing an acute event?
Outcome: All-cause mortality

Outcome: Platelet count recovery

Outcome: Exacerbation

Outcome: Relapse at 28-30 days post treatment
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Outcome: Relapse at 12 months
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Outcome: Days in hospital

Outcome: Days of plasma exchange

Outcome: All CV events

Outcome: Stroke/TIA/clinically obvious neurological deficit

310

ISTH Guideline for the Diagnosis and Management of Thrombotic Thrombocytopenic Purpura
Outcome: Adverse events

Outcome: Serious adverse events
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M-6. Should rituximab as prophylaxis vs no prophylaxis be used for patients with immune TTP currently in remission?
Outcome: All-cause mortality, comparative study

Outcome: All-cause mortality, single arm studies, rituximab as prophylaxis

312

ISTH Guideline for the Diagnosis and Management of Thrombotic Thrombocytopenic Purpura
Outcome: Relapse, comparative study

Relapse, single arm studies, rituximab as prophylaxis
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Outcome: Adverse events, single arm studies, rituximab as prophylaxis
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M-7: Should plasma infusion vs a watch and wait strategy be used for patients with hereditary TTP?
Outcome: All-cause mortality, comparative studies

Outcome: Relapse, comparative studies

Outcome: Cardiovascular dysfunction, comparative studies
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Outcome: Neurocognitive function and neurological deficits, comparative studies

Outcome: chronic kidney disease, comparative studies

Outcome: Adverse events, comparative studies

Outcome: Adverse events, single-arm studies, plasma infusion
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M-8: Should factor VIII concentrate infusion vs a watch and wait strategy be used for patients with hereditary TTP?
Outcome: all-cause mortality, single-arm study, watch and wait

Outcome: Adverse events, single-arm study, FVIII concentrate infusion
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M-9: Should prophylactic immunosuppression vs a watch and wait strategy be used for patients with immune TTP who are pregnant, have decreased
ADAMTS13, and without other signs of TMA?
No meta-analyses were performed for this question.
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M-10: Should plasma infusion vs factor VIII concentrate infusion be used for patients with hereditary TTP who are pregnant?
Outcome: Mortality, single-arm studies, plasma infusion

Outcome: Live births, single-arm studies, plasma infusion
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Outcome: Relapse, single-arm studies, plasma infusion
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