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Background

The PLASMIC score is a convenient tool for predicting ADAMTS13 activity of <10%.
Lactate dehydrogenase (LDH) is widely used as a marker of haemolysis in thrombotic
thrombocytopenic purpura (TTP) monitoring, and could be used as a replacement marker
for lysis. We aimed to validate the PLASMIC score in a multi-centre Asia Pacific region,
and to explore whether LDH could be used as a replacement marker for lysis.

Methods

Records of patients with thrombotic microangiopathy (TMA) were reviewed. Patients’
ADAMTS13 activity levels were obtained, along with clinical/laboratory findings relevant
to the PLASMIC score. Both PLASMIC scores and PLASMIC-LDH scores, in which LDH
replaced traditional lysis markers, were calculated. We generated a receiver operator
characteristics (ROC) curve and compared the area under the curve values (AUC) to de-
termine the predictive ability of each score.

Results

46 patients fulfilled the inclusion criteria, of which 34 had ADAMTS13 activity levels of
<10%. When the patients were divided into intermediate-to-high risk (scores 5-7) and
low risk (scores 0-4), the PLASMIC score showed a sensitivity of 97.1% and specificity
of 58.3%, with a positive predictive value (PPV) of 86.8% and negative predictive value
(NPV) of 87.5%. The PLASMIC-LDH score had a sensitivity of 97.1% and specificity of
33.3%, with a PPV of 80.5% and NPV of 80.0%.

Conclusion

Our study validated the utility of the PLASMIC score, and demonstrated PLASMIC-LDH
as a reasonable alternative in the absence of traditional lysis markers, to help identify
high-risk patients for treatment via plasma exchange.

Key Words Thrombotic microangiopathy, PLASMIC score, Lactate dehydrogenase
(LDH)
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INTRODUCTION

Thrombotic thrombocytopenic purpura (TTP) is a life-
threatening haematologic emergency characterized by a defi-
ciency of a disintegrin and metalloproteinase with a throm-
bospondin type 1 motif, member 13 (ADAMTS13) protease.
This deficiency leads to the accumulation of ultra-large von
Willebrand factor (VWF), microvascular thrombosis, and
microangiopathic haemolytic anaemia (MAHA) [1-4].
Clinical suspicion of TTP should be made due to the presence
of schistocytes, anaemia, and thrombocytopenia (MAHA)
visualized by blood film examination. A severe deficiency
of ADAMTSI13, at an activity level of <10%, can constitute
a diagnosis of TTP [3-6]. However, it is not a routine inves-
tigation performed in many hospital laboratories, and results
from a reference laboratory may delay treatment [7].

The PLASMIC score is a predictive tool to risk-stratify
the likelihood of a severe deficiency of ADAMTS-13 activity,
of <10% [8, 9]. The score utilizes seven key clinical and
routine laboratory components, with one point allocated
for platelet count <30x10%/L, presence of lysis markers
(reticulocyte count >2.5%, indirect bilirubin >2.0 mL/dL
or undetectable haptoglobin), absence of active malignancy,
no solid organ or stem cell transplantation, mean cell volume
(MCV) of <90 fL, international normalized ratio (INR) <1.5,
and creatinine <2 mg/dL, which it then uses to assign pa-

tients as having either low (0-4), intermediate (5) or high
risk (6-7).

Lactate dehydrogenase (LDH) is a routine biomarker used
in the monitoring of the clinical response to TTP treatment.
Unlike the traditional markers used in the PLASMIC score,
LDH is a non-specific marker of cell lysis. Previous studies
have reported higher LDH levels in patients with TTP com-
pared to non-TTP patients with thrombotic microangiopathy
(TMA), and have utilized LDH in different ways to predict
the likelihood of severe TTP, with encouraging correlation
results [10, 11]. We therefore explored the possibility of
simplifying the PLASMIC score by using a higher LDH level
(twice the normal upper limit) as a potential replacement
for the traditional lysis markers (reticulocyte count, hapto-
globin, and indirect bilirubin).

MATERIALS AND METHODS

Study design and population

Patient records were retrospectively obtained from 16 cen-
tre across seven countries in the Asia Pacific region (Australia,
Malaysia, New Zealand, Thailand, Singapore, Korea, and
Hong Kong) for cases between 2001 to 2020. All identified
patients were adults and had clinical suspicions of thrombotic
microangiopathy (TMA). ADAMTSI13 activity assays at the
respective sites were assessed using chromogenic en-

72 Patients collected from 16 sites
from 7 countries

14 Patients excluded due to
unavailable ADAMTS13 result and
1 post plasma exchange result

\ 4

11 Patients excluded due to lack of
individual PLASMIC score results

A

46 Patients included in the study analysis

PLASMIC score components

7. Creatinine <2 mg/dL

PLASMIC-LDH score components

1. Platelet count of <30x10°/L 1. Platelet count of <30x 10°/L
2. Lysis marker (reticulocyte >2.5%, 2. Lysis marker (lactate dehydrogenase

undetected haptoglobin, indirect >2 times upper limit of normal)

bilirubin >2 mg/dL) 3. No active malignancy Fig. 1. Study cohort design outlining
3. No active malignancy 4. No solid organ or stem cell the method of patient selection for
4. No solid organ or stem cell transplantation analysis. The total PLASMIC/

transplantation 5. Mean cell volume (MCV) <90 fL PLASMIC LDH score was calculated
5. Mean cell volume (MCV) <90 fL 6. International normalized ratio (INR) <1.5 with one point designated for each
6. International normalized ratio (INR) <1.5 7. Creatinine <2 mg/dL component and subsequently

stratified into low risk (0-4 points),
intermediate risk (5 points), and

high risk (6-7 points).
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zyme-linked immunosorbent assay (ELISA) or fluorescence
resonance energy transfer (FRET). Thrombotic thrombocy-
topenic purpura (TTP) was defined as a severe deficiency
of ADAMTSI13 with an activity level of <10%, and the
presence or absence of an inhibitor was also recorded.
We excluded patients without ADAMTS13 results and
missing clinical or laboratory components necessary to make
the PLASMIC evaluation. Patients were not excluded if they
had at least one marker for haemolysis available (reticulocyte
count, haptoglobin, and indirect bilirubin). Patients were
also excluded if they had an ADAMTSI3 activity level =10%,
and if sampling was performed after they had received treat-
ment via plasma products infusion or plasma exchange.

Statistical analysis

We performed a logistic regression analysis and Fisher’s
exact test on the PLASMIC variables, together with LDH,
to compare these factors between patients with TTP
(ADAMTS13 activity <10%) and controls with higher levels
of activity (ADAMTS13 activity =10%).

As part of this study, we also aimed to validate the
PLASMIC score in our cohort. All patients had their
PLASMIC scores calculated, and were each assigned to one
of two risk categories: the low risk (0-4) group, and the
intermediate- (5) to-high (6-7) group. We also generated
an alternative scoring model, dubbed “PLASMIC-LDH” using
the same parameters used in the original PLASMIC scores,
but substituting an LDH level of >2x the normal upper
limit (NUL) to assess the presence of haemolysis, and assigned
the patients to the risk groups in a similar fashion. This
threshold was chosen based on observations of patients with
severe ADAMTS13 deficiencies in previous reports [10, 11].

The sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) for both models were
calculated. Descriptive analysis was performed using the stat-
istical analysis package of R v3.6.2 (https://www.r-projec-
t.org). All continuous variables detailed in this report are
expressed as median (interquartile range), and categorical
variables are expressed as number/total (%). We generated
a receiver operator characteristics (ROC) curve and compared
the area under the curve values (AUC) using DeLong’s test
to determine the predictive ability of each model.

RESULTS

Sampling design

Records from a total of 72 patients with suspected TMA
were collected from the various centres. A total of 26 patients
were excluded: 14 who were missing ADAMTSI13 results,
one with a post-plasma exchange ADAMTSI13 result, and
11 who were missing PLASMIC score criteria. The remaining
46 patients were included and formed the study cohort (Fig.

1.

Clinical characteristics
The median age at presentation was 50 years [interquartile

range (IQR), 35-54]. The cohort comprised 27 females and
19 males. In terms of racial demographics, there were 27
patients of Asian ethnicity (23 Southeast Asian and four
East Asian), 17 Caucasians, and two patients of other
ethnicities. The prevalence of TTP was 73.9% (N=34), and
of these patients 61.8% (N=21) had a documented presence
of an inhibitor. Central nervous system (CNS) manifestations
were the most common clinical symptom 71.7% (N=33).
Demographic features and clinical and laboratory data are
summarised in Table 1.

Performance of the predictive scores

We analysed all the components of the PLASMIC score,
as well as LDH, and compared them between patients with
and without TTP. Both the haemolysis markers and an ele-
vated LDH level were found to be associated with more
than a 2-fold increased risk of having TTP, and were more
frequently observed in the TTP group (61.8% vs. 41.7%
for lysis markers, and 85.3% vs. 66.7% for elevated LDH).
However, both variables were not statistically significant.
Only thrombocytopenia (<30x10°/L) and preserved renal

Table 1. Patient baseline clinical characteristics.

Characteristics N (%) (N=46)
Median age (years; interquartile range) 50 (35-54)
Sex
Male 19 (41.3)
Female 7 (58.7

Racial ethnicity

Southeast Asian (Malaysia, Thailand, Singapore) 23 (50.0)
Caucasian (Australia, New Zealand) 17 (37.0)
East Asian (Korea, Hong Kong) 4 (8.7)
Others 2 (4.3)
Clinical presentation
Central nervous system (CNS) 33 (71.7)
Renal and genito-urinary system 17 (37.0)
Bleeding manifestations 12 (26.1)
Gastrointestinal system (GI) 11 (23.9)
Cardiovascular system (CVS) 8(17.4)
Investigation Results
ADAMTS13 <10% 34 (73.9)
ADAMTS13 inhibitor 21 (45.7)
ADAMTS13 >10% 12 (26.1)
Final TMA Diagnosis
Severe TTP (ADAMTS13 <10%) 34 (73.9)
Complement mediated/atypical haemolytic 7 (15.2)
uremic syndrome (aHUS)
Pregnancy-related TMA 2 (4.3)
Transplant related TMA? 12.2)
Malignancy related TMA 12.2)
Others (sepsis-related DIC) 1(2.2)

“One patient had allogeneic stem cell transplantation for acute
myeloid leukaemia and was categorised as having transplant-related
rather than malignancy-related TMA.

Abbreviations: DIC, disseminated intravascular coagulopathy;
IQR, interquartile range; TMA, thrombotic microangiopathy; TTP,
thrombotic thrombocytopenic purpura.
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Table 2. Comparison of the PLASMIC variables between TTP (ADAMTS13 <10%) and non-TTP (ADAMTS13 =10%).

Non-TTP, N=12 (%) TTP, N=34 (%) P
1. Stem cell transplantation 1(8.3) 0 (0.0) 0.261
2. Active malignancy 2 (16.7) 0 (0.0) 0.064
3. MCV <90 fL 5 (41.7) 17 (50.0) 0.619
4. Platelet <3O><109/L 7 (58.3) 32 (94.1) 0.009
5. Creatinine <2 mg/dL 5 (41.7) 33 (97.1) <0.001
6.INR <1.5 12 (100.0) 34 (100.0) NA
7. LDH (>2xULN) 8 (66.7) 29 (85.3) 0.211
8. Haemolysis markers 5 (41.7) 21 (61.8) 0.227

Positive lysis markers (reticulocyte >2.5%, undetected haptoglobin or indirect bilirubin >2 mg/dL).
Abbreviations: INR, international normalized ratio; LDH, lactate dehydrogenase; MCV, mean cell volume; ULN, upper limit of normal.

Table 3. Logistic regression analysis of factors associated with TTP
(ADAMTS13 <10%).

No. Variable Crude OR (95% ClI) P
1 MCV <90 fL 1.40 (0.37, 5.57) 0.619
2 Platelet <30x10”/L 11.43 (2.03, 92.48) 0.005
3 Creatinine <2 mg/dL 46.20 (6.45, 968.25) <0.001
4 LDH >2 ULN 2.90 (0.60, 13.71) 0.179
5 Haemolysis markers 2.26 (0.60, 9.12) 0.229

Abbreviations: Cl, confidence interval; OR, odds ratio.

function (<2 mg/dL) were identified as variables that were
significantly different between the two groups (Table 2, 3).

Validation of the PLASMIC score was done first. Of the
46 patients, 28 were assigned to the high-risk (6-7 points)
group, 10 to the intermediate (5 points) group, and eight
to the low-risk (0-4 points) group. We then substituted LDH
into the PLASMIC score. The modified PLASMIC-LDH score
was determined for all 46 patients. In this model, 32 were
assigned to the high-risk (6-7 points) group, nine to the
intermediate (5 points) group, and five to the low-risk (0-4
points) group (Table 4).

When divided into intermediate-high risk and low risk,
the PLASMIC score had a sensitivity of 97.1% and specificity
of 58.3%, with a PPV of 86.8%, and an NPV of 87.5%.
Using the same split of intermediate-high risk (scores 5-7)
and low risk (scores 0-4), the PLASMIC-LDH had a sensi-
tivity of 97.1%, a specificity of 33.3%, a PPV of 80.5%,
and an NPV of 80.0% (Table 5).

A receiver operator characteristics (ROC) curve con-
structed for both the PLASMIC and PLASMIC-LDH scores
showed that the difference in the area under the curve value
(AUC) for PLASMIC (0.841) and PLASMIC-LDH (0.852)
was not statistically significant (P=0.724) (Fig. 2).

DISCUSSION

The use of a pre-test probability tool such as PLASMIC
or the French Mortality in TTP Score (MITS) (Benhamou

Table 4. Patient risk stratification based on both PLASMIC and
PLASMIC-LDH models.

. e PLASMIC PLASMIC LDH
Risk Stratification (N=46) (N=46)
High (6-7 points) 28 (60.9%) 32 (69.6%)
Intermediate (5 points) 10 (21.7%) 9 (19.6%)
Low (0-4 points) 8 (17.4%) 5 (10.8%)

et al, 2012 [12]) to identify those with a high risk of severe
TTP has been reinforced in the latest treatment guidelines
[6]. Studies have reported that a high PLASMIC score predicts
a good response to plasma exchange (PEX) and a better
long-term survival outcome, as it is highly suggestive of
TTP, while a low score indicates an alternate diagnosis with
a poorer response to PEX and higher probability of mortality
[9, 12]. This is supported by findings of studies in which
patients with severe ADAMTS13 deficiency (<10%) had
better outcomes compared to those with higher levels [13, 14].

Our study was performed in part to validate the PLASMIC
score in the Asia Pacific region. Our study results were
compared favourably to the PLASMIC derivation cohort by
Bendapudi er al [8, 9] (sensitivity of 98.7% and specificity
of 63.0%, with a PPV of 53.6% and an NPV of 99.1%).
A recent meta-analysis involving 970 patients from 13 studies
concurred with the diagnostic accuracy of the PLASMIC
score, reporting the intermediate- and high-risk score (5-7)
as having a sensitivity of 99% and specificity of 57%, with
an NPV of 99%, in a study pool where the prevalence of
TTP was 35% [15].

Despite these findings, the PLASMIC score is not widely
applied in clinical practice, perhaps due to the lack of imme-
diate availability of investigation results at patient pre-
sentation and poor specificity in certain population cohorts
[10]. Liu er al, [16] for example, reported a reduced sensitivity
of the PLASMIC score in older populations.

In the original derivation and validation cohort of the
PLASMIC score, Bendapudi er al [8, 9] reported that the
degree LDH elevation did not add value to the score.
However, several other studies have explored alternative

bloodresearch.orkr
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Table 5. Performance of PLASMIC and PLASMIC-LDH predictive tools.

PLASMIC

TTP (ADAMTS13 <10%)

Non TTP (ADAMTS13 =10%)

Intermediate to high (5-7 points)
Low (0—4 points)

33 5
1 7

PLASMIC-LDH

TTP (ADAMTS13 <10%)

Non TTP (ADAMTS13 =10%)

Intermediate to high (5-7 points)
Low (04 points)

33 8
1 4

Sensitivity of 97.1%, specificity of 58.3%, 33.3%.

Positive predictive value (PPV) 86.8%, 80.5%, negative predictive value (NPV) 87.5%, 80.0%.

1.0 1

0.8
2 0.6
=
.“%
c
&S 0.4-

0.2 1 —— AUC of PLASMIC=0.841

—— AUC of PLASMIC-LDH=0.852
0 P=0.7236
0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Fig. 2. Delong's test for the receiver operator curve (ROC) with a
comparison of the area under the curve (AUC) of PLASMIC (black) and
PLASMIC-LDH (blue).

methods, particularly with regard to the the use of LDH
to assist in predicting high-risk groups with TTP [10, 11].
We hypothesized that using LDH, which is more readily
available, would make the PLASMIC score a more convenient
tool to use.

Our study findings, of a reduced specificity in our
PLASMIC-LDH model, did not significantly impair its overall
predictive ability. The reduced specificity is most likely at-
tributed to LDH being a non-specific marker of cell lysis,
compared to the traditional haemolytic markers used in the
PLASMIC score. However, given the high sensitivity rate
(97.1%), it is still a useful tool for identifying high-risk pa-
tients for treatment in the absence of conventional haemol-
ysis markers.

It is also worth noting that the PLASMIC score was derived
and widely validated to predict an ADAMTS13 level of
<10%. In our study, we excluded two patients from our
TTP group who had borderline-intermediate ADAMTS13
levels (10-20%), and who did achieve complete responses
with plasma exchange. In their study, Li er a/ [13] demon-
strated that it is feasible to extrapolate the use of the
PLASMIC score to a higher ADAMTS13 level of 15%, in
order to include more patients in the borderline group who

may benefit from treatment. By using a similar threshold
of 15% in our cohort, the PLASMIC score had a sensitivity
of 97.2% and specificity of 70%, with a PPV of 92.1% and
an NPV of 87.5%.

Our study had a few limitations. Firstly, the final sample
size obtained (N=46) through our stringent selection criteria
was small, even for an infrequently encountered haemato-
logical disease. We could have potentially overestimated the
prevalence of severe TTP (73.9%) through the use of our
exclusion criteria. Secondly, we lacked the complete markers
for haemolysis required for the evaluation of lysis in the
PLASMIC score. Only three patients had complete sets of
all three lysis markers (reticulocyte count, haptoglobin, and
indirect bilirubin) investigated, while the remaining 43 pa-
tients were evaluated based on combinations of two of these
markers. While this may have led to underestimating the
risk group, we believe that the effect was minimal given
the performance of the PLASMIC score in our cohort.
Moreover, we believe that this limitation actually reflects
a real-world situation in which a complete set of inves-
tigations are not always available.

In conclusion, our study validated the PLASMIC score
as an excellent pre-test probability tool for TTP in the Asia
Pacific cohort. If all parameters are available, it should be
preferentially used in patients with TMA, to guide treatment
decisions. Substituting LDH into the score (PLASMIC-LDH),
did not significantly impair the predictive ability of the
PLASMIC score, despite a reduced specificity. It may, there-
fore, be reasonable to use LDH as an alternative in the absence
of lysis markers, to help identify high-risk patients and em-
pirically treat them via plasma exchange. Further validation
studies of this notion are recommended.
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