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Validation of three prediction models
for thrombosis recurrence in
antiphospholipid syndrome patients
based on a prospective cohort

Yuan Zhao
Qian Wang, Xinping Tian

ABSTRACT

Objectives To validate the performance of the adjusted
global antiphospholipid syndrome (APS) score (aGAPSS),
Padua score and Caprini score to predict thrombosis
recurrence in APS.

Methods Consecutive thrombotic-APS patients were
included. aGAPSS, Padua and Caprini score at baseline
were collected. Harrell c-index and calibration curve were
used to validate the prediction models.

Results 362 patients were enrolled. The mean age was
36.30+13.88 years old, and 209 (57.7%) were female.
Patients were followed up for a median of 2.32 years, with
32 (8.84%) venous and 21 (5.80%) arterial thrombosis. The
1-year, 3-year and 5-year thrombosis risks were 5.0%,
14.3% and 17.9%, respectively. The Harrell c-indexes

of aGAPSS, Padua and Caprini score were 0.54 (95%

Cl 0.44 to0 0.64), 0.54 (95% Cl 0.46 to 0.62), and 0.50
(95%Cl 0.42 to 0.58), respectively. Padua score had the
best discrimination to predict venous thrombosis (Harrell
c-index=0.61, 95% Cl 0.53 to 0.69). aGAPSS had the

best discrimination to predict arterial thrombosis (Harrell
c-index=0.61, 95% Cl 0.47 to 0.75). The calibrations for
predicting thrombosis within 1, 3 and 5 years of the three
models were suboptimal.

Conclusion The performance of aGAPSS, Padua and
Caprini score to predict thrombosis recurrence in APS were
suboptimal. Arterial and venous thrombosis recurrence
predictors were different. New prediction models are
required for venous and arterial thrombosis separately.

INTRODUCTION

Antiphospholipid syndrome (APS) is a rare
and complicated acquired autoimmune
thrombophilia characterised by arterial/
venous thrombosis and/or recurrent preg-
nancy morbidity. The thrombotic recurrence
rate of patients with persistent antiphospho-
lipid antibody (aPL) profile in a cohort with a
median of 172.5-month follow-up was 40.2%."
The 10-year survival rate of APS patients is
90.7% and thrombosis is the first cause of
death in APS patients,” so early prediction
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= ltis crucial to predict thrombosis recurrence in anti-
phospholipid syndrome (APS).

WHAT THIS STUDY ADDS

= The discrimination and calibration of three models
(adjusted global APS score, Padua, Caprini score)
were suboptimal.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Venous and arterial thrombosis should be predicted

separately in APS patients.

of thrombosis and intensive anticoagulation
treatment are crucial.

However, the thrombosis recurrence in APS
patients is difficult to be predicted. The global
APS score (GAPSS) and adjusted GAPSS
(aGAPSS) were supposed to predict throm-
bosis recurrence, but they were developed for
the prediction of thrombosis and pregnancy
morbidity in systemic lupus erythematosus
(SLE) patients based on across-sectional study,3
with and without anti-phosphatidylserine/
prothrombin-complex antibodies; most valida-
tion studies only compared the baseline score
between patients with and without thrombosis,
but did not consider the influence of time.*"
Other models that could be used to predict
thrombosis included Padua score,14 which
was used to predict venous thromboembolism
in medical inpatients, and Caprini score,"” '®
which was used to predict venous thromboem-
bolism in surgical and medical patients. Both
Padua score and Caprini score were widely
used in clinical practice, but they were devel-
oped based on consensus approaches, and the
predictive performance of these two models
has not been validated in APS patients.
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This study was conducted to validate the performance
of aGAPSS, Padua score and Caprini score to predict
thrombosis recurrence in our prospective APS cohort.

METHODS

Study design

This was a single-centre prospective cohort study.
Consecutive APS patients who fulfilled the 2006 Sydney
Revised Classification Criteria for APS' and had known
thrombotic events at baseline, referred to Peking Union
Medical College Hospital (PUMCH) from June 2012 to
March 2022 were included. Baseline was defined as the
time of APS diagnosis. Time to diagnosis was defined as
the time between the first thrombosis and APS diagnosis.
Follow-up time was defined as the time between APS diag-
nosis and the time of first thrombosis recurrence or the
last follow-up visit. The overall follow-up ended in June
2022. Patients without follow-up visit were excluded.

The primary outcome was the first recurrence of venous
or arterial thrombosis. Venous thrombosis included
extremity deep venous thrombosis, pulmonary embolism,
visceral venous thrombosis, cranial venous sinus thrombosis,
jugular venous thrombosis, subclavian venous thrombosis
and retinal venous thrombosis. Arterial thrombosis included
ischaemic stroke, transient ischaemic attack (TIA), acute
myocardial infarction, extremity arterial thrombosis, visceral
arterial thrombosis, jugular arterial thrombosis, subclavian
arterial thrombosis, vertebral arterial thrombosis and retinal
arterial thrombosis.

Thromboses were confirmed by imaging and clinical
diagnosis, such as ultrasound, CT angiography, MRI/
magnetic resonance angiography, digital subtraction
angiography, CT pulmonary angiography, ventilation/
perfusion scan, ophthalmological examination and fluo-
rescein angiography.

Data collection
Demographic characteristics were collected at baseline, such
as age, sex, height and weight. Cardiovascular risk factors,
including smoking history, hypertension, hyperlipidaemia
were collected following National Institute for Health and
Care Excellence guidelines.'® Thromboses were diagnosed
according to the methods described earlier. Pregnancy
morbidity was collected according to the 2006 Sydney
Revised Classification Criteria for APS."” Extra-criteria mani-
festations, including thrombocytopenia, haemolytic anaemia
and microangiopathy were collected. Microangiopathy
included APS-related nephropathy, livedo reticularis, heart
valve disease, cognitive dysfunction, catastrophic APS and
other microangiopathy confirmed by clinical diagnosis."
Treatment regimen at baseline and at the time of thrombosis
recurrence were collected.

aPLs included lupus anticoagulation (LA), anticar-
diolipin antibody (aCL) and anti-B2-glycoprotein I
antibody (af2GPI). LA was measured according to the
recommended three-step procedure with two test systems
from the Scientific and Standardization Committee for

lupus anticoagulant/aPLs of the International Society
on Thrombosis and Hemostasis Subcommittee on lupus
anticoagulant. LA was measured using activated partial
thromboplastin time-based assay (aPTT) and the dilute
Russell viper venom time (dRVVT), and the positivity was
defined as aPTT ratio >1.20 or dRVVT ratio >1.20.*" aCL
and aB2GPI were measured by chemiluminescent immu-
noassay (CLIA) (iFlash CLIA kits provided by YHLO
Biotech Co., Shenzhen, China). According to the manu-
facture’s instruction, the medium or high titre of aCL was
defined as the titre >10U/mL and the medium or high
titre of ap2GPI was defined as the titre >20U/mL. This
detection system showed good sensitivity and specificity
in our cohort in the previous study.”’ aPLs were consid-
ered positive only if confirmed at least 12 weeks apart.

aGAPSS,?’ Padua score,14 Caprini score'® 1% at base-
line were calculated for all the patients. The predictors
include aPLs, traditional cardiovascular risk factors,
internal medicine diseases, surgery, trauma, malignancy,
specific treatment regimen, etc. Definitions of the predic-
tors are listed in online supplemental table 1. The defini-
tions of acute risk situations in Padua score and Caprini
score were the acute situations happened in 1month
before baseline. As the incidence rate of Factor V Leiden
and Prothrombin 20210A mutations are extremely low
in Chinese patients,” gene detection was not conducted
with the consideration of costs.

Statistical analysis

Continuous variables were presented as means and SD for
normally distributed data. Variables with abnormal distri-
bution were presented as medians and IQRs (P, P.).
The Student’s t-test or Mann-Whitney U test was used for
continuous variables. Categorical variables were presented
as counts and percentages. Pearson % test with continuity
correction or Fisher’s exact test was used for categorical vari-
ables. The prognosis of thrombosis recurrence was shown
by Kaplan-Meier curve. Since missing observations occurred
for just two variables, missing values were predicted based on
all other baseline characteristics with single imputation. The
three models were validated based on Cox regression anal-
ysis (time-to-first-event outcomes were analysed using Cox
regression analysis). Harrell c-iindex was used to evaluate the
discrimination. As the baseline hazards of the three models
were not reported, calibration could not be validated. We
recalibrated the models in our cohort with aGAPSS, Padua
score and Caprini score as linear predictors in Cox regres-
sion model, respectively.” Therefore, in each prediction
model, the baseline hazard was adjusted. Calibration curves
were used to evaluate the calibrations of updated models.

RESULTS

There were 481 patients in the APS cohort in PUMCH.
13 patients were lost during follow-up and 106 patients
without known thrombosis history were excluded. A total
of 362 thrombotic-APS (tAPS) patients were enrolled in
this study (figure 1). The median time duration between
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481 patients diagnosed with
antiphospholipid syndrome

Y

Y

13 patients lost during follow-up

468 patients with at least once follow-up

Y

Y

106 APS patients without known thrombosis
history

362 tAPS patients

Y Y Y
venous thrombosis: 247 arterial thrombosis: 170 both venous and arterial
patients patients thrombosis: 55 patients

Figure 1 APS cohort in the database. APS, antiphospholipid syndrome; tAPS, thrombotic antiphospholipid syndrome.

diagnosis and enrolment was 1.25 months. The mean age
was 36.30+13.88 years old on diagnosis, and 209 (57.7%)
were female. The baseline characteristics in our cohort
were listed in table 1, and were compared with those
in the development cohort for aGAPSS (table 1). The
development cohort for aGAPSS is an SLE cohort, with
100% patients diagnosed as SLE and only 42.2% patients
diagnosed as APS. While the PUMCH validation cohort
is an APS cohort, with only 23.5% patients diagnosed as
SLE and 100% patients diagnosed as APS. In addition,
the patients in PUMCH validation cohort had lower age
(36.30+13.88) and less female (57.7%) than the patients
in the development cohort for aGAPSS (42.6+12.1,
98.1%).

Patients were followed up for a median of 2.32 years.
During the follow-up period, there were 53 (14.6%)
recurrent thrombotic events, 32 (8.84%) venous and 21
(5.80%) arterial thrombosis. None of the thrombotic
events was fatal. The 1-year, 3-year and 5-year thrombosis
risks were 5.0%, 14.3% and 17.9%, respectively. The
l-year, 3-year and 5-year venous thrombosis risks were
3.8%, 9.9% and 12.8%, respectively. The l-year, 3-year
and 5-year arterial thrombosis risks were 1.6%, 5.6%
and 6.9%, respectively (figure 2). Among the 32 patients
who developed venous thrombosis, 11 (34.4%) patients
took warfarin, 4 patients took direct oral anticoagulants
(DOAC) (12.5%) and 2 patients took aspirin (6.3%)
regularly at the time of thrombosis diagnosis. Twelve
(37.5%) patients took inadequate anticoagulation. The
treatments of three (9.4%) patients were unknown.

Among the 21 patients who developed arterial throm-
bosis, 7 (33.3%) patients took warfarin, 2 (9.5%) patients
took DOAC and 1 (4.8%) patient took aspirin regularly
at the time of thrombosis diagnosis. Ten (47.6%) patients
took inadequate anticoagulation. The treatment of one
(4.8%) patient was unknown (table 2).

Patients who developed venous thrombosis and
patients who developed arterial thrombosis had
different baseline characteristics. History of venous
thrombosis was more common in patients who devel-
oped venous thrombosis. History of arterial throm-
bosis were more common in patients who developed
arterial thrombosis (table 3). Patients secondary to
SLE had different baseline characteristics compared
with patients without SLE. They had younger age,
shorter time to diagnosis and less smoking history.
Female, hyperlipidaemia, microangiopathy and
thrombocytopenia were more common in patients
secondary to SLE (online supplemental table 2).
In addition, patients with pregnancy morbidity had
different baseline characteristics compared with
patients with isolated tAPS. They had longer time to
diagnosis, less smoking history, and more stroke/TIA
and thrombocytopenia (online supplemental table 3).

The comparisons of baseline scores between each
group were shown in figure 3. Patients who developed
arterial thrombosis had higher aGAPSS than patients
who did not (p=0.01). Patients who developed venous
thrombosis had higher Padua score than patients who
did not (p=0.03). The Harrell c-indexes for predicting
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Table 1 Baseline characteristics of patients in this cohort compared with patients in development cohort for aGAPSS?®

PUMCH validation cohort

Development cohort for

(N=362) aGAPSS (N=106)
Age (years), mean+SD 36.30+13.88 42.6+12.1
Female, n (%) 209 (57.7) 104 (98.1)
Time to diagnosis (months), median (Q,, Q,) 9.00 (3.00, 45.50) -
Smoking history, n (%) 94 (26.0) 33 (31.1)
Hypertension, n (%) 71 (19.6) 32 (30.2)
Hyperlipidaemia, n (%) 170 (47.0) 31 (29.2)
BMI (kg/m?), mean=SD 24.26+4.57 -
SLE, n (%) 85 (23.5) 106 (100.0)
SLEDAI-2K, median (Q,, Q,) 2(0,4)
APS, n (%) 362 (100.0) 89 (42.2)
Antiphospholipid antibodies
LA positive, n (%) 258 (71.3) 30 (28.3)
aCL positive, n (%) 204 (56.4) 59 (55.7)
ap2GPI positive, n (%) 253 (69.9) 22 (20.7)
Triple aPLs positive, n (%) 139 (38.4) -
Clinical manifestations
Venous thrombosis, n (%) 247 (68.2) 23 (21.7)

Venous thrombosis of lower extremities, n (%) 174 (48.1) -

Pulmonary embolism, n (%) 103 (28.5) -

Visceral venous thrombosis, n (%) 26 (7.2) -

Cranial venous sinus thrombosis, n (%) 32 (8.8) -

Retinal venous thrombosis, n (%) 7(1.9 —
Arterial thrombosis, n (%) 170 (47.0) 23 (21.7)

Stroke/TIA, n (%) 102 (28.2) -

Myocardial infarction, n (%) 23 (6.4) =

Arterial thrombosis of lower extremities, n (%) 28 (7.7) -

Visceral arterial thrombosis, n (%) 26 (7.2) -

Retinal arterial thrombosis, n (%) 12 (3.3) -
Pregnancy morbidity 55/162 (34.0) 19 (25.3)

Early miscarriages (<10 weeks) 5/162 (3.1) 6 (8.0)

Fetal death (>10 weeks) 23/162 (14.2) 16 (15.2)

Pre-eclampsia, eclampsia and placental dysfunction 32/162 (19.8) -
Non-criteria manifestations, n (%) 164 (45.3) -

Thrombocytopenia, n (%) 130 (35.9) -

Autoimmune haemolytic anaemia, n (%) 28 (7.7) -

Microangiopathy, n (%) 45 (12.4) -
Treatment
Anticoagulation 291 (80.4) 26 (24.5)

Warfarin (INR 2~3) 231 (63.8) -

DOAC 60 (16.6) -
Antiplatelet 145 (40.1) 34 (32.0)
Hydroxychloroquine 294 (81.2) 44 (41.5)
Glucocorticoid 168 (46.4) -

Equivalent prednisone dose (mg/d), median (Q,, Q) 15 (10, 32)

Continued
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Table 1 Continued

Immunosuppressant

Other predictors

Active cancer, n (%)

Heart and/or respiratory failure, n (%)
Ongoing hormonal treatment, n (%)

Minor surgery planned, n (%)

History of prior major surgery, n (%)
Varicose veins, n (%)

History of inflammatory bowel disease, n (%)
Swollen legs, n (%)

Acute myocardial infarction, n (%)

Sepsis, n (%)

Serious lung disease incl. pneumonia, n (%)
Abnormal pulmonary function (COPD), n (%)
Medical patient currently at bed rest, n (%)
Arthroscopic surgery planned, n (%)
Malignancy, n (%)

Major surgery, n (%)

Laparoscopic surgery, n (%)

Patient confined to bed, n (%)

Immobilising plaster cast, n (%)

Central venous access, n (%)

Family history of thrombosis, n (%)

Positive Factor V Leiden, n (%)

Positive Prothrombin 20210A, n (%)
Elevated serum homocysteine, n (%)
Heparin-induced thrombocytopenia, n (%)
Other congenital or acquired thrombophilia, n (%)
Elective major lower extremity arthroplasty, n (%)
Hip, pelvis or leg fracture, n (%)

Stroke, n (%)

Multiple trauma, n (%)

Acute spinal cord injury (paralysis), n (%)
Pregnancy or post partum

148 (40.9) -

o O N
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1(0.3) -
Not tested -
Not tested -
120 (35.4) -
1(0.3) -
6 (1.7) -
©) -
(0.3) =

- O

25 (6.9) -
0(0) -
0(0) =
14/162 (8.6) -

aCL, anticardiolipin antibody; aGAPSS, adjusted global antiphospholipid syndrome score; aPLs, antiphospholipid antibodies; APS,
antiphospholipid syndrome; a2GPI, anti-B2-glycoprotein | antibody; BMI, body mass index; COPD, chronic obstructive pulmonary disease;
DOAGC, direct oral anticoagulation; INR, international normalised ratio; LA, lupus anticoagulant; PUMCH, Peking Union Medical College
Hospital; SLE, systemic lupus erythematosus; SLEDAI-2K, SLE disease activity index-2000; TIA, transient ischaemic attack; VTE, venous

thromboembolism.

thrombosis of aGAPSS, Padua score and Caprini score
were 0.54 (95% CI 0.44 to 0.64), 0.54 (95% CI 0.46 to
0.62) and 0.50 (95%CI 0.42 to 0.58), respectively. The
model predicting venous thrombosis with the best
discrimination was Padua score (Harrell c-index=0.61,
95% CI 0.53 to 0.69), and the model predicting arterial
thrombosis with the best discrimination was aGAPSS
(Harrell c-index=0.61, 95% CI 0.47 to 0.75) (table 4).

Online supplemental figure 1 demonstrated that sensi-
tivity and specificity of three models were suboptimal.
The calibration curves indicated that in most predictions
except aGAPSS for arterial thrombosis in 5 years, the
predicted thrombosis probabilities were higher than the
actual thrombosis probabilities. Therefore, the calibra-
tions for predicting thrombosis within 1, 3 and 5 years
after diagnosis of all the three models were suboptimal
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1.00

0.754

0.254

thrombosis-recurrence-free probability

0.001

0.504 1-, 3-, and 5-year thrombosis recurrence risks: 5.0%, 14.3%, and 17.9%

Number at risk

4 5 6 7 8

follow-up (year)

any | 362 274 190 110

68 56 36 25 16

B thrombosis =+ venous =+ arterial

1.004

i
LN SNy, TR TRTR

0.751

0.251

thrombosis-recurrence-free probability

0.00 1

=ttt

0.509 1-, 3-, and 5-year venous thrombosis recurrence risks: 3.8%, 9.9%, and 12.8%
1-, 3-, and 5-year arterial thrombosis recurrence risks: 1.6%, 5.6%, and 6.9%

ol e Ve T T 1

Number at risk

follow-up (year)

venous | 362 278 198 118
arterial | - 362 285 204 123

73 62 40 28 19
80 66 43 32 20

Figure 2 Kaplan-Meier curves of venous, arterial and any thrombosis recurrence. (A) Any thrombosis recurrence; (B) venous

and arterial thrombosis recurrence.

(figure 4). As anticoagulation could influence the throm-
bosis recurrence, the discrimination and validation were
also detected in the 231 patients with warfarin anticoag-
ulation. The result was suboptimal either (online supple-
mental table 4, figure 2).

DISCUSSION

Thisis the first study validating the performance to predict
thrombosis recurrence in APS patients of aGAPSS, Padua
score and Caprini score based on a prospective cohort.
We found that both the discrimination and calibration
of these three models to predict venous, arterial and any
thrombosis recurrence in APS patients were suboptimal.

In addition, the performance to predict venous and arte-
rial thrombosis of these three models were different,
probably because patients who developed venous throm-
bosis and arterial thrombosis had different baseline
characteristics. The probable reasons for the suboptimal
predictive performance are listed below.

First, APS has a unique mechanism of thrombosis forma-
tion. The pathogenesis of thrombosis in APS patients is
not exactly the same as the pathogenesis of thrombosis in
other patients. Therefore, the predictive performance of
Padua score and Caprini score are suboptimal. In addi-
tion, the prediction performance of these two models are
not stable. Pandor et al demonstrated that Padua score

6
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Table 2 The treatments at the time of thrombosis recurrence

Patients who developed
venous thrombosis (N=32)

Patients who developed
arterial thrombosis (N=21)

Regular anticoagulation, n (%)
Regular warfarin, n (%)
Regular DOAC, n (%)
Inadequate anticoagulation, n (%)
Warfarin but did not meet the target INR, n (%)
Stop anticoagulation because of surgery or bleeding, n (%)
Stop anticoagulation by themselves, n (%)
Stop anticoagulation with unknown reason, n (%)
Regular aspirin, n (%)
Unknown, n (%)

DOAC, direct oral anticoagulant; INR, international normalised ratio.

and Caprini score had different predictive performances
in different studies as well.*

Second, venous thrombosis and arterial thrombosis are
two different clinical manifestations in APS patients with
different pathogenesis. This study showed that history of
venous thrombosis was more common in patients who
developed venous thrombosis, while history of arterial
thrombosis was more common in patients who devel-
oped arterial thrombosis. Previous studies found that
venous thrombosis and arterial thrombosis had different
risk factors in APS patients. Arterial thrombosis was asso-
ciated with heart valve disease, hypertension, elevated
anti-B2GPI IgM, history of arterial thrombosis, older
age, smoking history and hyperhomocysteinaemia.12 226
Venous thrombosis was associated with history of venous
thrombosis, heart valve disease and younger age.'* Apart
from that, our study showed that aGAPSS had better
performance to predict arterial thrombosis, which was
consistent with previous results. Sciascia et al’ illustrated
that the highest level of GAPSS was found in patients
with arterial thrombosis in a pooled analysis. Radin et
al also demonstrated that patients with recurrent arte-
rial thrombosis but not venous thrombosis had higher
aGAPSS. This is probably because hypertension is a more
important risk factor for arterial thrombosis.'?® 2% In our
study, 38.1% patients who developed arterial thrombosis
had hypertension at baseline, while 21.9% patients who
developed venous thrombosis had hypertension at base-
line. Hypertension was more common in patients who
developed arterial thrombosis, although the difference
was not significant, which was probably because of the
small sample size. Therefore, the risks of venous and
arterial thrombosis recurrence in APS patients should be
predicted separately.

Third, APS has a high degree of clinical heterogeneity.
APS patients secondary to SLE have different character-
istics compared with patients without SLE, as well as APS
patients with pregnancy morbidity have different charac-
teristics with isolated tAPS patients. Apart from that, both

15 (46.9) 9 (42.9)
11 (34.4) 7 (33.3)
4 (12.5) 2 (9.5)
12 (37.5) 10 (47.6)
2(6.3) 2 (9.5)

1 (3.1) 2(9.6)
3(9.4) 4 (19.0)
6 (18.8) 2 (9.5)
2(6.3) 1(4.8)
3(9.4) 1 (4.8)

the use of glucocorticoid and high disease activity of SLE
could increase the risk of thrombosis,?® ?° which might
also influence the predictive effect of the models. The
high heterogeneity makes it difficult to predict throm-
bosis recurrence in APS patients.

Fourth, the influence of time and the difference
between tAPS and obstetriccAPS (0oAPS) should be
considered when developing and validating prediction
models. GAPSS and aGAPSS have been the most widely
used prediction model in APS patients until now, and
many studies have confirmed good performance to
predict thrombosis of GAPSS or aGAPSS. However, they
were constructed to predict the risk of thrombosis and
pregnancy morbidity in SLE patients based on a cross-
sectional study,3 in which the influence of time was not
considered and tAPS and oAPS patients were not distin-
guished. Some validation studies were conducted in aPLs
positive patients'’ or autoimmune diseases.”” One study
was conducted in oAPS patients,9 and found that patients
who developed thrombosis after pregnancy morbidity
had higher baseline aGAPSS.” One study enrolled 44
patients, finding that aGAPSS was higher in the 2 patients
with recurrent thrombosis.!' Another study conducted in
primary APS patients found that aGAPSS was higher in
both patients with venous or arterial thrombosis recur-
rence.”” But most of the studies compared only the
baseline aGAPSS between patients who did and did not
develop thrombosis, without considering the influence
of time. Some of them had a small size, and none of them
compared the calibration of the model. Our previous
study showed that tAPS and oAPS patients had different
characteristics, and tAPS patients had much higher risk
of recurrent thrombosis.> However, there has been no
study validating aGAPSS in tAPS patients. Our study vali-
dated the discrimination and calibration of aGAPSS in a
tAPS cohort with 362 patients, and showed suboptimal
performance of this model.

In this study, the sensitivity and specificity of aGAPSS
were relatively suboptimal compared with other
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Table 3 Different baseline characteristics between patients who developed venous thrombosis and patients who developed

arterial thrombosis

Patients who developed

Patients who developed

venous thrombosis (N=32) arterial thrombosis (N=21) P value

Age (years), mean+SD 30.66+10.82 30.95+12.17 0.938
Female, n (%) 22 (68.8) 9 (42.9) 0.061
Time to diagnosis (months), median (Q,, Q,) 21.50 (2.50, 69.75) 19.00 (3.00, 74.00) 0.906
Smoking history, n (%) 5 (15.6) 5(23.8) 0.700
Hypertension, n (%) 7 (21.9) 8 (38.1) 0.200
Hyperlipidaemia, n (%) 14 (43.8) 12 (57.1) 0.340
BMI (kg/m?), mean+SD 23.57+4.79 23.10+3.59 0.703
SLE, n (%) 8 (25.0) 6 (28.6) 0.773
SLEDAI-2K, median (Q,, Q,) 2 (0.5, 6) 0.5(0, 2 0.388
LA positive, n (%) 22 (68.8) 14 (66.7) 0.874
aCL positive, n (%) 19 (59.4) 17 (81.0) 0.100
aPf2GPI positive, n (%) 23 (71.9) 19 (90.5) 0.198
Triple aPLs positive, n (%) 12 (37.5) 1 (52.4) 0.285
Elevated serum homocysteine, n (%) 10/30 (33.3) 7/19 (36.8) 0.801
Clinical manifestations
Venous thrombosis, n (%) 29 (90.6) 12 (57.1) 0.012
Venous thrombosis of lower extremities, n (%) 26 (81.2) 11 (52.4) 0.025
Pulmonary embolism, n (%) 9 (28.1) 4 (19.0) 0.453
Visceral venous thrombosis, n (%) 3(9.4) 2 (9.5) 0.667
Cranial venous sinus thrombosis, n (%) 3(9.4) 1(4.8) 0.479
Retinal venous thrombosis, n (%) 0(0.0) 0(0.0) -
Arterial thrombosis, n (%) 6 (18.8) 13 (61.9) 0.001
Stroke/TIA, n (%) 4 (12.5) 8 (38.1) 0.065
Myocardial infarction, n (%) 0 (0.0) 4 (19.0) 0.020
Arterial thrombosis of lower extremities, n (%) 1 (3.1 2 (9.5) 0.344
Visceral arterial thrombosis, n (%) 1 (3.1 14.9) 0.640
Retinal arterial thrombosis, n (%) 0(0.0 0 (0.0 -
Pregnancy morbidity 4/15 (26.7) 6/9 (66.7) 0.135
Early miscarriages (<10 weeks) 0/15 (0.0) 1/9 (11.1) 0.375
Fetal death (>10 weeks) 2/15 (13.3) 3/9 (33.3) 0.326
Pre-eclampsia, eclampsia and placental dysfunction  2/15 (13.3) 4/9 (44.4) 0.150
Non-criteria manifestations, n (%) 17 (53.1) 14 (66.7) 0.328
Thrombocytopenia, n (%) 15 (46.9) 11 (52.4) 0.695
Microangiopathy, n (%) 3(9.49) 5(23.8) 0.240

Bold denotes p<0.05.

aCL, anticardiolipin antibody; aPLs, antiphospholipid antibodies; a2GPI, anti-B2-glycoprotein | antibody; BMI, body mass index; LA, lupus
anticoagulant; SLE, systemic lupus erythematosus; SLEDAI-2K, SLE disease activity index-2000; TIA, transient ischaemic attack.

studies* 7 1**! either. The reason might be the different

study design and statistical analysis. The gold standard
for receiver operator characteristic (ROC) curve of those
studies were thrombosis history or thrombosis occur-
rence regardless of time, while we try to use baseline
aGAPSS to predict thrombosis recurrence considering
the recurrence time.

This study has several limitations. First, PUMCH is a
tertiary hospital, patients in this centre are relatively
more severe, and the clinical practices such as antico-
agulation in PUMCH may differ from those in other
centres. Second, the patients’ compliance to drugs,
especially anticoagulation, could influence thrombosis
recurrence. This study did not evaluate the influence of
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Figure 3 The comparison of baseline scores between patients with and without thrombosis recurrence. aGAPSS, adjusted

global antiphospholipid syndrome score.

anticoagulation. We just validated the predictive ability
of three models in the 231 patients with warfarin antico-
agulation and found the suboptimal result. Third, due
to the lack of detailed information of the three predic-
tion models, the validation was based on recalibrating the
models in our cohort. Fourth, multiple aPLs positivity is
widely acknowledged as a risk factor of thrombosis recur-
rence,32 but it was not validated in our cohort because
the number of events was not large enough to be further
subgrouped. Multicentre studies with larger sample sizes
are needed for further validation.

In conclusion, the discrimination and calibration
of aGAPSS, Padua score and Caprini score to predict
venous, arterial and any thrombosis recurrence in APS
patients were suboptimal, probably because of the speci-
ficity and heterogeneity of APS. Patients who developed
venous thrombosis and arterial thrombosis had different
baseline characteristics. The construction of new predic-
tion models respectively for venous and arterial throm-
bosis recurrence in APS patients is required to guide
treatment.

Table 4 Harrell c-index and 95% CI of each model

aGAPSS Padua Caprini
Venous thrombosis 0.49 (0.39 to 0.59) 0.61 (0.53 to 0.69) 0.51 (0.41 to 0.61)
Arterial thrombosis 0.61 (0.47 to 0.75) 0.43 (0.27 to 0.59) 0.51 (0.35 to 0.67)
Any thrombosis 0.54 (0.44 to 0.64) 0.54 (0.46 to 0.62) 0.50 (0.42 to 0.58)

aGAPSS, adjusted global antiphospholipid syndrome score.
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Figure 4 The calibration curves of three prediction models. (A, B, C) The calibration curve for venous thrombosis ((A) 1-year,
(B) 3-year, (C) 5-year). (D, E, F) The calibration curve for arterial thrombosis ((D) 1-year, (E) 3-year, (F) 5-year). (G, H, I) The
calibration curve for any thrombosis ((G) 1-year, (H) 3-year, (I) 5-year). aGAPSS, adjusted global antiphospholipid syndrome

Score.

CONCLUSION

The predictive performance of aGAPSS, Padua score and
Caprini score to predict thrombosis recurrence in APS
patients were suboptimal, probably because of the speci-
ficity and heterogeneity of APS. In particular, arterial and
venous thrombosis recurrence predictors were different.
New prediction models are required to guide treatment
for venous and arterial thrombosis, respectively.
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