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Abstract
The introduction Caplacizumab in the management of Immune thrombotic thrombocytopenic purpura (iTTP) has raised different
questions, considering its cost-efficacy and the optimal immunosuppressive treatment (IST) to associate. A retrospective multicen-
ter collection of 42 first iTTP cases was conducted to identify variables associated with a higher burden of care and necessity of an
implemented IST with early Rituximab (RTX) rescue. A significant correlation resulted between ADAMTS13 inhibitors
(ADAMTS13inh) at diagnosis with total plasma exchange (PEXtot) and PEX needed to achieve clinical response (PEXtoCR, r=
0.46; r= 0.48), along with age (r= - 0.31; r= -0.35), platelet count (r= -0.30; r= -0.30), LDH (r= 0.44; r= 0.41) and total bilirubin
(r= 0.54; r= 0.35). ADAMTS13inh also correlated with number of days of hospitalization (DoH, r= 0.44). A significant difference
was observed in terms of median ADAMTS13inh titer at diagnosis in patient treated with RTX rescue and those responding to only
steroid treatment. Thus, ADAMTS13inh titer resulted a marker of iTTP burden of care, associated with higher number of PEXtot,
PEXtoCR, DoH and higher probability of needing RTX rescue to achieve clinical response and could be a useful tool for manage-
ment of new iTTP cases and an interesting variable to optimize iTTP cases stratification in future Caplacizumab cost-efficacy analysis.
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Introduction
Immune Thrombotic thrombocytopenic purpura (iTTP) is a rare
and life-threatening thrombotic microangiopathy characterized
by microangiopathic hemolytic anemia, severe thrombocytope-
nia, and organ ischemia linked to disseminated microvascular
platelet-rich thrombi. From the clinicians’ point of view, the
introduction of Caplacizumab has drastically changed the man-
agement of acute iTTP episodes, but also raised several ques-
tions, including cost-effectiveness,1,2 and integration with
immunosuppressive treatment (IST), especially in the initial
treatment of iTTP which remains a matter of debate in terms
of Rituximab (RTX) intensification. With regards to prognostic
scores currently available, the PLASMIC3 and the French4

scores have a diagnostic purpose; the modified Rose,5 the
Benhamou and colleagues6 the Wyllie and colleagues7 and
the Goel and colleagues8 scores consider as endpoint iTTP mor-
tality and survival rate. However, none of the available scores
has been developed to predict treatment intensity and burden
of care needed to manage an initial acute iTTP episode. We
report the results of a multicenter, retrospective study in
which we have analyzed the management of 42 first iTTP epi-
sodes with the aim to identify clinical and/or laboratory vari-
ables associated with a greater burden of care.

Methods
A retrospective analysis of all first iTTP episodes diagnosed and
treated in three distinct hematology units in Piedmont (City of
Health and Science University Hospital of Turin, Ordine
Mauriziano Hospital of Turin and Santa Croce e Carle
Hospital of Cuneo) from 2007 and 2020, before
Caplacizumab introduction was conducted. All patients
included have previously signed informed consent to be
addressed in the regional registry of rare disease (MARARE).
iTTP cases was defined as a severe ADAMTS13 activity
(ADAMTS13act) deficiency (<10%) associated with detectable
ADAMTS13 inhibitors (ADAMTS13inh). Congenital TTP
(cTTP) cases (reduction in ADAMTS13 activity <10% with
no measurable antiADAMTS13inh), relapsed iTTP cases and
recent iTTP cases treated with Caplacizumab were excluded
from the analysis. Demographic, clinical and laboratory data
were collected in the first 24 h after presentation, including
age, sex, comorbidities (Charlson comorbidity index9 for each
patient), possible triggers, symptoms at hospital arrival, hemo-
globin level (Hb), Platelet count (Plts), White blood cell (Wbc),
Reticulocyte (Ret), Creatinine (Creat), Hepatic enzymes, Lactic
dehydrogenase (LDH), Total Bilirubin (Bil tot) and Indirect
fraction (Bil Ind), Haptoglobin (Hapt) was collected. For each
patient PLASMIC score was also calculated. ADAMTS13act
assays were performed with chromogenic ELISA kit
(Technozym ADAMTS13 Activity, Technoclone Gmbh,
Wien, Austria). ADAMTS13inh were detected and measured
with ELISA methodology (Technozym ADAMTS13 Inh,
Technoclone, Gmbh, Wien, Austria). Together with
ADAMTS13act and ADAMTS13inh, number of total Plasma

Exchange (PEX, PEXtot) sessions, number of PEX needed to
achieve clinical response (PEXtoCR) and days of hospitaliza-
tion (DoH) were also included. Data regarding immunosuppres-
sive treatment (IST) used and their duration were collected
when available. Clinical response (CR) exacerbation and
relapse were defined in current guidelines10–12:

• Clinical response (CR): sustained normalization of Plts
counts above the lower limit of the established reference
range (> 150 × 109/L)) and of LDH (< 1.5 upper limit
of normal [ULN]) after cessation of PEX.

• Refractory iTTP: persistent thrombocytopenia, lack of a
sustained Plts count increment or Plts counts of < 50 ×
109/L and a persistently raised LDH level (> 1.5 ULN)
despite five PEX and steroid treatment.

• Exacerbation: reduction in plts count to below the lower
limit of the established reference range (<150 × 109/L),
an increased LDH level, and the need to restart PEX
within 30 days of the last PEX after a clinical response
to PEX.

• Relapse: fall in platelet count to below the lower limit of
the established reference range (<150 × 109/L), with or
without clinical symptoms > 30 days after stopping of
PEX for an acute TTP episode, requiring reinitiating of
therapy. This is usually associated with a new increase
in the LDH level.

Shapiro Wilks test was performed to evaluate the normal dis-
tribution of the data. Continuous normally distributed variables
were reported as the mean value ± standard deviation (SD).
Continuous non-normally distributed variables were presented
as the median, IQR (q1 = first quartile and q3 = third quartile).
Absolute frequency (column percentage) was used to summa-
rize categorical variables. The unpaired t-test and Mann U
Whitney test were used to compare continuous variables, as
appropriate. Correlation network analysis (CAN) was applied
using Pearson correlation coefficient (r) as the measurement
of the strength of the relationship between PExtot, PEXtoCR
and DoH to laboratoristic and demographic continuous vari-
ables. All statistical tests were 2-sided, with a significance
level set at p < 0.05. Statistical analysis was performed using
R software environment for statistical computing and graphics
version 3.5.2 (R Foundation for Statistical Computing,
Vienna, Austria; https://www.R-project.org/).

Results
A total of 42 patients with a first iTTP episode were identified
and retrospectively analyzed. Demographic and laboratory
characteristics of the cohort are resumed in Table 1. Patient’s
characteristics after hospital admission are shown in Table 2.
The median value of ADAMTS13 Activity Percentage was
0.02 IU (0.01, 0.02) IU, while the mean value of
ADAMST13inh (BU/ml) titer was 66.37 (34.59). The PEX ses-
sions were started soon after hospital admission: median days
from hospital admission and PEX start were 0.04 days (0.02,
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0.06). Number of PEXtoCR and PEXtot sessions were available
for 38 patients (90.50%) and 41 (97.60%), respectively. The
median number of PEX sessions to achieve CR was 7.00
(4.00, 14.75), median number of total PEX was 14.00 (8.00,
19.00). Data on DoH and admission in the intensive care unit
(ICU) were available for 41 patients (97.60%): median DoH
were 20.00 (12.00, 27.00), median days in ICU were 1.00
(0.00, 11.00). Based on available data, 6 patients (14.90%)
experienced an exacerbation during the first 30 days of treat-
ment. These patients presented with a median ADAMTS13
activity of 0,02 UI, median ADAMTS13inh of 49.95 BU,
median number of PEXtot of 18 sessions and 13 median ses-
sions of PEXtoCR. For exacerbated cases median DoH was
21 days. After a median follow-up of 26 months, nine patients
(21.40%) experienced at least one relapse.

Considering IST strategy, 100% of the patients received cor-
ticosteroids (CS) at standard dose (methylprednisolone 1 mg/kg
or equivalent). For 8 patients (19.00%) CS were associated with

intravenous immunoglobulins, in 17 patients (40.50%) with
Rituximab (RTX), 375 mg/sqm, single weekly infusion for
four consecutive weeks. Median time from CS start to RTX
start was 10 days (range 2-30 days). Finally, 3 patients
(7.10%) received adjunctive treatments: 2 patients were
treated after CS and RTX also with Vincristine, another one
also received Cyclophosphamide. The last patient was treated
with Cyclophosphamide after been treated with CS. Pearson
correlation coefficient (r) was used to assess the association
between the number PEXtot, PEXtoCR, DoH and demographic
and laboratory variables collected in the first 24 h after hospital
admission (Table 3). PEXtot was significantly positively corre-
lated with age (r = - 0.31, p = 0.040), LDH (r = 0.44, p =
0.006), Total Bilirubin (r= 0.54, p = 0.001) and
ADAMTS13inh (r = 0.46, p = 0.002). PEXtoCR were signifi-
cantly associated with Age (r = -0.35, p = 0.030), Platelets (r
= -0.30, p = 0.048), Lactic Dehydrogenase (r = 0.41, p =
0.012), Total Bilirubin (r = 0.35, p = 0.04), ADAMTS13inh
(r = 0.48, p = 0.025). Indeed, ADAMST13inh resulted signif-
icantly positively correlated with DoH (r = 0.44, p = 0.005).
ADAMTS13act did not correlate neither with the total
number of PEX, the PEXtoCR and DoH. Finally, the Mann
U Whitney test confirms no difference in the median number
of Total PEX Session, PEX to achieve CR and DoH between
males and females, Charlson Comorbidity Index score (≤ 2 or
>2), and for presence or absence of neurological, hemorrhagic,
or systemic symptoms at hospital admission (Table 3).
Considering variables statistically significantly associated
with the total PEX Session and PEX to achieve CR (Table 3),
the Mann UWhitney test was also performed to evaluate differ-
ences for RTX rescue necessity to achieve CR (Table 4). No
significant differences were found for Age, Plts and, LDH
level at hospital admission in patients receiving RTX rescue
and those not necessitating such treatment. In contrast, a statisti-
cally significant mean value difference was observed for
ADAMTS13inh titer at diagnosis (88.80 ± 29.38 vs 52.20 ±

Table 2. Patient’s Characteristics After hospital Admission 2: Clinical
Remission (CR) is Defined as Sustained Normalization of Plts Counts
Above the Lower Limit of the Established Reference Range (> 150 ×
109/L) and of LDH (< 1.5 Upper Limits of Normal (ULN) After
Cessation of PEX.

Patient’s characteristics after hospital admission

ADAMTS13 Activity Percentage (UI), median
(IQR)

0.02 (0.01, 0.02)

ADAMST13 inhibitors (BU/ml), mean (SD) 66.37 (34.59)
Exacerbation, n (%) 6 (14.90)
At least 1 relapse, n (%) 9 (21.40)
Plasma Exchange Sessions, median (IQR)
Mediana Days from Hospital access and PEX
start

0.00 (0.00, 1.0)

The Total number of PEX session 14.00 (8.00, 19.00)
PEX sessions to achieve CR 7.00 (4.00, 14.75)
Hospitalization, median (IQR)
Total days of Hospitalization 20.00 (12.00, 27.00)
Days in Intensive Care Unit 1.00 (0.00, 11.00)

Table 1. Patients’ Characteristics at Hospital Admission *Neurological
Symptoms Included Stupor, Coma, Dizziness, Headache, Migraine, TIA,
or Stroke Symptoms with Sensorial or Motor Deficiency. § Systemic
Symptoms Included Generalized Malaise, Asthenia, Fever, Abdominal
Pain, Nausea.

Patients’ characteristics at hospital admission

Age (years), mean (SD) 49.40 (13.74)
Gender, n (%)
Male 19 (45.20)
Female 23 (54.80)
Charlson Comorbidity Index (CCI), n (%)
0 17 (40.50)
1 - 2 17 (40.50)
> 2 8 (19.00)
Symptoms, n (%)
Neurological* 24 (57.00)
Hemorrhagic 20 (54.70)
Systemic§ 16 (38.10)
Laboratory Features, median (IQR)
Hemoglobin (g/dl) 8.60 (7.20, 10.10)
Median Cell Volume (fl) 87.50 (85.90, 90.00)
White Blood Cell (/mmc) 9415.00 (6642.00,12485.00)
Platelets (/mmc) 13000.00 (11250.00,19000.00)
Lactic Dehydrogenase (U/l) 1806.00 (1332.00, 2485.00)
INR 1.10 (1.06,1.15)
Fibrinogen (mg/dl) 365.00 (291.00, 406.00)
Creatinine (mg/dl) 0.99 (0.78,1.22)
Alanine Transferase (U/l) 29.00 (21.00, 43.00)
Aspartate Transferase (U/l) 48.00 (34.00, 60.00)
Total Bilirubin (mg/dl) 2.50 (1.52,3.67)
Indirect Bilirubin (mg/dl) 2.20 (1.30,3.10)
Haptoglobin (mg/dl) 0.21 (0.06, 10.00)
PLASMIC Score, n (%)
< 6 9 (21.40)
6 - 7 18 (42.80)
Etiology, n (%)
Idiopathic 36 (85.70)
Sepsis induced 2 (4.70)
Drugs 3 (7.10)
Surgery 1 (2.40)
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30.81 BU/ml, p = 0.001) in patients requiring RTX rescue and
those who responded to IST without the monoclonal antibody
(Figure 1). Moving away from the aim of the current study,
we found no differences for ADAMTS13act at diagnosis.
Finally, the median value of ADAMTS13inh titer did not
differ between patients experiencing an exacerbation in the
first 30 days or a relapse (Table 4).

Discussion
The aim of this work was to identify predictive markers of
burden of care in first acute iTTP episode. Epidemiology and
demographics of our patient series were very similar to the
Milan registry,13 the Regional UK TTP14 Korean TTP,15

Australian TTP/TMA16 and the Oklahoma registries,17 the
placebo arms of the TITAN18 and HERCULES19 trial.
Zheng20 and colleagues study suggested that high-titer
ADAMTS13inh was associated with delayed response to
PEX or refractory disease. Also Alwan and colleagues

prospectively analyzed ADAMTS13inh21: in 292 patients iden-
tified from the UK registry, ADAMTS13 IgG levels were found
to be significantly associated with increased mortality rate and
higher troponin levels. In the same work, ADAMTS13inh
already resulted related with a longer period of PEX to
achieve normal platelet count. Coppo et. al22 also analyzed
the prognostic role of detectable ADAMTS13inh, associated
with a delayed platelet count recovery, a higher plasma
volume requirement to achieve CR, and a trend for more fre-
quent episodes exacerbation.

Our data partially confirm these observations but in a
new perspective, considering as outcomes of interest not
severity nor mortality but iTTP related burden of care
markers (PEXtot, PEXtoCR, DoH) and RTX use. A patient
with a first iTTP episode presenting with an elevated
ADAMST13inh titer is likely going to need more PEX
session to achieve CR and total PEX sessions, with a longer
hospitalization. Furthermore, we observed that the same
patient has more chance to have the necessity to be treated

Table 3. Differences in Geneder, Charlson Comorbidity Index and Symptoms at Hospitalization

Differences in geneder, Charlson Comorbidity index and symptoms at hospitalization

Variables
PEXtot

p-value
PEXtoCR

p-value
DoH

p-valueMedian (IQR) Median (IQR) Median (IQR)

Gender Male 15.00 (10.00,19.00) 0.476 6.00 (4.00,14.50) 0.680 19.00 (11.25, 26.75) 0.601
Female 13.00 (8.00,20.00) 8.50 (5.00,15.50) 20.00 (12.00, 27.00)

Charlson Comorbidity Index 0 - 2 10.00 (7.00, 14.00) 0.142 10.00 (5.00,15.00) 0.110 19.00 (11.00, 28.50) 0.236
>2 15.00 (9.00,20.00 4.50 (2.50,10.50) 22.50 (20.50, 25.50)

Neurologic Symptoms* Absent 14.00 (8.50,18.50) 0.939 6.00 (4.00,15.00) 0.740 19.00 (11.00, 22.75) 0.214
Present 12.00 (7.25,21.75) 11.00 (4.00,13.00) 20.50 (16.00, 28.50)

Hemorrhagic diathesis Absent 14.00 (8.00,17.00) 0.495 5.00 (4.00.12.50) 0.140 21.00 (12.50, 26.25) 0.754
Present 14.50 (9.00,23.00) 12.00 (4.00,19.50) 19.00 (12.00, 31.00)

Systemic symptoms§ Absent 15.00 (7.00,19.50) 0.638 7.00 (4.00,15.50) 0.700 21.50 (11.50, 31.00) 0.246
Present 14.00 (11.00,19.00) 9.50 (4.50,14.00) 19.00 (13.50, 21.50)

Median, q1 = first quartile, q3 = third quartile for Gender, umber of comorbidities (resumed in Charlson Comorbidity index) and symptoms at the hospitalization calculated for
the total number of PEX session (PEXtot), the PEX to achieve Clinical Response (PEXtoCR) and the Days of hospitalization (DoH). *Neurological symptoms included stupor,
coma, dizziness, headache, migraine. § Systemic symptoms included generalized malaise, asthenia, fever, abdominal pain—P-value result from for Mann U Whitney test.

Table 4. Differences for Rituximab Rescue Necessity: Variables are Summarized by Median Value, q1 = first Quartile, q3 = Third Quartile
According to Their Distribution into Groups and p-value Results from the Mann U Whitney Test.

Differences for Rituximab rescue necessity

Variables Median (IQR) p-value

Age (years) No RTX 49.00 (39.00, 56.50) 0.599
RTX 53.00 (38.75, 60.00)

Plts (/mmc) No RTX 14000.00 (11750.00, 19250.00) 0.529
RTX 13000.00 (9500.00, 18000.00)

LDH (UI/l) No RTX 1581.00 (1312.00, 2021.50) 0.223
RTX 2197.00 (1242.50, 2966.50)

ADAMTS13act (UI) No RTX 0.02 (0.01, 0.027) 0.172
RTX 0.02 (0.00, 0.02)

ADAMTS13inh (BU/ml) No Exacerbation 63.85 (48.95, 96.00) 0.400
Exacerbation 49.95 (24.80, 60.00)

ADAMTS13inh (BU/ml) No Relapse 56.20 (41.45, 96.50) 0.090
Relapse 43.90 (22.22, 68.62)
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with CS plus RTX to achieve CR. Other clinical variable pos-
sibly related to a higher burden of care could be young age,
lower platelet count, elevated LDH and total bilirubin, but the

same ones seem not to predict a longer hospitalization or the
need to implement IST with RTX (Figure 1 and 2).

Although needing further validation, if confirmed these data
could lead to important clinical implications. iTTP cases are not
all the same and as such should not be considered in cost effec-
tiveness studies. The possibility of optimizing iTTP cases strat-
ification could modify results of such analyzes with important
repercussions especially in limited resource Centers. For
example, in such settings, Caplacizumab could be reserved
for those iTTP cases with higher inhibitors titer, with higher
expected burden of care, while in those cases with lower titer,
especially if middle-advanced age also presenting with a
higher platelet count and lower LDH level and total bilirubin,
standard treatment could be considered. Also, for peripheral
Center, the possibility of differentiating milder cases from
those requiring transfer to expert units for an expected major
burden of care could also be useful in the management of
patients at the local level. Furthermore, as Caplacizumab
leading to a faster platelet count normalization, it does not
allow to have a direct picture of iTTP response to IST,
making it more difficult for clinicians to decide when to imple-
ment it or not. ADAMTS13inh could again be a useful marker
to evaluate the early use of RTX and avoid overtreatment.

Our analysis carries different limits: despite concerning a
rare disease, data emerging from our limited cohort require a

Figure 1. Correlation network using statistically significant Pearson Correlation Coeffi-cient (r) as edges weight calculated between the Total
PEX sessions, PEX to achieve clinical re-sponse, days of Hospitalizations and different clinical and demographic variables, achievable in the first
hours after hospital admission. Significance code: *= p < 0.05, **= p < 0.01.

Figure 2. Box plot of ADAMST13 inhibitors titer and Rituximab
(RTX) application. Mean value of ADAMT13inh titer at diagnosis was
88.80 ± 29.38 BU/ml in those patients who received RTX versus
52.20 ± 30.81 BU/ml in those who was not treated with RTX
(t-t-test p-value= 0.001).
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larger validation. The multicentricity of the registry partly deter-
mines differences in clinical management (ie, PEX cessation
criteria, CS tapering scheme, etc), especially before univocal
guidelines were available. The retrospective nature of the
study does not allow to collect all possible variables of interest:
for example, organ damage markers (NTproBNP, Troponin I,
Creatinine, etc) were available only for a minority of cases
and for this reason it was not possible to incorporate them in
the statistical analysis. Lastly, ADAMTS13 may not be
rapidly available in some Centers, making the results of our
study difficult to apply. However, it should be noted that
ISTH guidelines do not recommend the initiation of
Caplacizumab prior to laboratory diagnostic confirmation, and
consequently the use of RTX should be deferred until the
outcome of these tests.

On the other hand, our study has possible interesting future
developments: the confirmation of our results on larger regis-
tries and on TITAN and HERCULES trial population and in
prospective studies could for example implement the beneficial
effect of Caplacizumab in those cases in which a higher burden
of care is awaited. Furthermore, the same extensions could lead
to the confirmation of the role of ADAMTS13inh as a potential
guide to early RTX use in iTTP, the identification of different
variables relating with iTTP burden of care. Another interesting
development could be the incorporation of ADAMTS13inh or
further associated variables in future Caplacizumab cost effec-
tiveness analyses, for a better stratification of iTTP cases.
Unfortunately, sample size did not allow any statistical analyzes
aimed to identifying a threshold to differentiate a high or low
inhibitor titer based on the possibility of response to corticoste-
roid treatment alone, but this constitutes another interesting
starting point for future studies.

Conclusions
From our analysis, ADAMTS13 inhibitor titer at diagnosis
emerges as marker of iTTP burden of care, associated with
higher total number of PEX sessions, PEX needed to achieve
clinical response, days of hospitalization, and a higher probabil-
ity of needing RTX rescue to achieve clinical response. In other
words, ADAMTS13inh titre identifies those iTTP cases in
which Caplacizumab can bring the greatest benefits compared
with standard of care, and the cases in which early intensifica-
tion of immunosuppressive treatment is indicated. Thus, despite
the need for further validation, ADAMTS13 inhibitors titer
could be a useful tool for guiding clinician defining optimal
first line immunosuppressive treatment of new iTTP cases
and could be included in future Caplacizumab cost-efficacy
analysis to better optimize iTTP cases stratification.
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