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Abstract

The adjusted Global Antiphospholipid Syndrome (APS) Score (aGAPSS) is a tool proposed to quantify the risk for antiphos-
pholipid antibody (aPL)-related clinical manifestations. However, aGAPSS has been validated mainly for thrombotic events
and studies on APS-related obstetric manifestations are scarce. Furthermore, the majority of them included patients with
positive aPL and different autoimmune diseases. Here, we assess the utility of aGAPSS to predict the response to treatment
in aPL carriers without other autoimmune disorders. One-hundred and thirty-seven women with aPL ever pregnant were
included. Sixty-five meet the APS classification criteria, 61 had APS-related obstetric manifestations, and 11 were asymp-
tomatic carriers. The patients’ aGAPSS risk was grouped as low (<6, N=73), medium (6—11, N=40), and high risk (> 12,
N=24). Since vascular risk factors included in the aGAPSS were infrequent in this population (< 10%), the aGAPSS score
was mainly determined by the aPL profile. Overall, the live birth rate was 75%, and 37.2% of the patients had at least one
adverse pregnancy outcome (APO). When considering patients according to the aGAPSS (high, medium, and low risk), no
significant differences were found for pregnancy loss (29.2%, 25%, and 21.9%) or APO (33.3%, 47.5%, and 32.9%). In the
present study, including aPL carriers without other autoimmune diseases, aGAPSS is not a valuable tool to identify patients
at risk for obstetric complications despite treatment. In these patients with gestational desire, in addition to the aPL profile,
other pregnancy-specific factors, such as age or previous obstetric history, should be considered.

Keywords Pregnancy; Antiphospholipid syndrome; Antiphospholipid antibodies - GAPSS - Score - Non-criteria obstetric
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Introduction

Systemic autoimmune diseases mostly affect women during
their childbearing years [1, 2]. Some of them, especially sys-
temic lupus erythematosus (SLE) and antiphospholipid syn-
drome (APS), are associated with a poor obstetric outcome
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with an increase in pregnancy losses and obstetric compli-
cations, including preeclampsia and premature birth [3-5].

The autoantibody profile in these patients plays a clear
role in the obstetric outcome [6], and several studies have
suggested that antiphospholipid antibodies (aPLs) are the
key elements in predicting the risk of developing compli-
cations during future pregnancies [3, 7-9]. In this regard,
during the last few years, three main groups of research-
ers have developed scores including the main aPLs in an
attempt to stratify the risk of patients carrying these antibod-
ies [10-12]. The APL-score [12], the GAPPS score [11], and
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more recently, the EUREKA algorithm [10] have attempted
to stratify the risk of developing clinical manifestations in
patients with aPL. Whereas the first two scores have been
mainly validated in APS with thrombotic manifestations
[13-19], the EUREKA algorithm has been developed mainly
for obstetric manifestations and has not yet been validated in
external cohorts [10]. Furthermore, most of the studies that
analyzed the impact of these scores on pregnancy outcomes
have been done in cohorts that mostly included patients with
various autoimmune diseases, especially SLE [13, 20, 21].
Finally, since the GAPSS score and the APL-score include
laboratory parameters not routinely performed in daily clini-
cal practice, such as anti-phosphatidylserine/prothrombin
antibodies, both scores have implemented variants adapted
to the clinically available aPLs [22, 23].

Taking into account these considerations, our study aimed
to analyze the role of aGAPSS, the most widely used score
in the literature, in a cohort of pregnant women with aPL
without other associated diseases. The ability of aGAPSS
to predict the response to medical treatment in subjects with
aPL was evaluated not only concerning pregnancy loss but
also the development of serious obstetric complications dur-
ing pregnancy. Furthermore, a literature review was carried
out on the main scores to evaluate obstetric APS.

Subjects and Methods
Study Participants

This retrospective study included 137 consecutive ever preg-
nant women with confirmed aPL according to the Sidney
classification criteria [24]. All of them were followed at the
Autoimmune Diseases Pregnancy Clinic, a multidiscipli-
nary unit of a teaching tertiary care hospital, between 2005
and March 2021. The information collected from individ-
ual cases was completely anonymized, and the study was
approved by the Ethics Committee of Cantabria (internal
code: 2021.037).

The inclusion criteria were the following ones: (a) ever
pregnant women with confirmed aPL positivity (according
to Sidney criteria [24]) and (b) women who received treat-
ment according to the standard of care during pregnancy
[25-28]. Women who fulfilled the classification criteria
for rheumatic autoimmune diseases other than APS were
excluded.

Data Collection
Data were collected using a prespecified standardized ques-

tionnaire in a computerizing database.
We assessed the following clinical variables:
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— Demographic and General Characteristics of the Study
Cohort: age, sex, body mass index (BMI), current/past
tobacco use, high blood pressure (equal or greater than
140/90 mm Hg or being on antihypertensive agents),
dyslipidemia (serum total cholesterol or triglyceride lev-
els greater than 230 mg/dl and 150 mg/dl respectively
or being on lipid-lowering drugs), diabetes mellitus
(according to the ADA criteria), past or present family
(<50 years), or personal history of thrombotic disease.

— Comorbidities: the three main entities associated with
pregnancy outcomes were also recorded: (a) inherited
thrombophilia (factor V Leiden, prothrombin mutation,
protein S and/or C deficiency), (b) thyroid disease (his-
tory of hypo/hyperthyroidism or the presence of con-
firmed specific autoantibodies), and (c) obstetric comor-
bidity (local uterine abnormalities, endometriosis, and
polycystic ovary syndrome).

— Autoantibody Detection: the presence of the following
antibodies and isotypes of aPL was quantified by
commercial enzyme immunoassay in solid phase
(ELISA; Orgentec Diagnostika GmbH, Mainz,
Germany): anticardiolipin antibodies (aCL) of the IgG
and IgM isotype and anti-beta2 glycoprotein I antibodies
(AB2GPI) of the IgG and IgM isotype. The results are
reported as quantitative and semiquantitative values.
Thus, aCL were quantified in GPL (aCL IgG) or MPL
(aCL IgM) according to the standard curve constructed
in each test with 5 dilution points of the Harris/Sapporo
standards. AB2GPI are quantified as U/ml. Only medium—
high titers of aPL were considered positive. The criteria
recommended by the International Society of Thrombosis
and Hemostasis (ISTH) Scientific and Standardization
Committee (ISTH) for the standardization of lupus
anticoagulant/antiphospholipid antibodies (LA/APA)
were applied for the characterization of LA [29-31].

Pregnancy morbidity was defined as follows:

— Obstetric Manifestations: (a) Sidney criteria [24]; (b)
non-criteria obstetric morbidity related to APS: 1-2 early
pregnancy losses (< 10 weeks), preterm birth (between
34 and 36 + 6 weeks), late preeclampsia (> 34 weeks),
abruptio placentae, and unexplained in vitro fertilization
failures (>2) [32].

— Definitions: (a) Pregnancy loss: early pregnancy loss
(< 10 weeks) and/or fetal death (> 10 weeks); (b) adverse
pregnancy outcome (APO): early pregnancy loss, fetal
death, preeclampsia, abruptio placentae, and preterm
birth (<37 weeks).

— aGAPSS Calculation: the adjusted GAPSS was calcu-
lated as previously described [19]. In brief, hyperten-
sion (1 point), dyslipidemia (3 points), aCL (5 points),
AB2GPI (4 points), and LA (4 points). aGAPSS risk was
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stratified according to Radin et al. [20] as low risk (<6
points), medium risk (6—11 points), and high risk (> 12
points).

Statistical Analysis

Results were expressed as numbers (percentage),
mean + standard deviation (SD), or median and interquartile
range (IQR), as appropriate. Student’s #-test or Mann—Whitney
U-test or one-way ANOVA were used to compare quantitative
variables and chi-squared or Fisher test, to compare categorical
data. A two-tailed p-value < 0.05 was considered statistically
significant in all the calculations.

Risk Prediction in Obstetric Antiphospholipid
Syndrome: a Systematic Review of the Literature

A comprehensive literature search was conducted in Pub-
Med and Embase. Electronic searches were supplemented by
manual analysis of reference lists and reviews (up to Octo-
ber 2021). We used the following MeSH terms and key-
words for searching PubMed: “antiphospholipid syndrome
and GAPSS,” “antiphospholipid syndrome and APL-S,”
“obstetric antiphospholipid syndrome and GAPSS,” “obstet-
ric antiphospholipid syndrome and APL-S,” and “obstetric
antiphospholipid syndrome and score.” Studies that included
patients with obstetric APS and any predictive score were
reviewed as shown in the flow chart (Fig. 1). Information
was collected on study design, study sample, characteristics
of the study population, and main results.

Results
General Features of the Study Cohort

During the study period, 137 consecutive patients with aPL
fulfilled the inclusion and exclusion criteria. The main char-
acteristics of the study cohort, their serological profile, and
standard treatment are shown in Table 1. The mean age of the
overall study group was 33.5+45.5 years, and the patients
were followed for more than 12 years (135.1 +89.9 months).

Patients in the primary APS group tended to have a higher
frequency of family history of thrombosis, positive study
for hereditary thrombophilia, and more cardiovascular risk
factors, although these differences did not reach statistical
significance. Overall, around one-third of the patients were
double or triple positive for aPL, and interestingly, this
rate tended to be higher in asymptomatic carriers (p=0.1).
AB2GPI antibodies were particularly frequent in the preg-
nancy-related morbidity group (p=0.07).

After diagnosis, the majority of included subjects
received standard treatment with low-dose aspirin (LDA)

Studies identified through database
searching

n =104

!

Screened after not relevant or
duplicates removed

n=49

!

Full-text articles assesed for eligibility
n=49

| Excluded
i : n=35

Studies included
n=14

Fig. 1 Flow diagram of the study selection process

and/or low molecular weight heparin (LWMH) during
pregnancies. Almost 80% of primary APS patients received
combined therapy compared with 47.5% in the non-criteria
group (p=0.001) and 36.4% in the asymptomatic carriers
(»=0.001). No significant differences in the aGAPSS score
between groups were found.

As shown in Table 2, aPL carriers had a lower number
of pregnancies compared to primary APS (p <0.0001) and
non-criteria patients (p =0.04). The primary APS group also
had a higher number of pregnancies than the non-criteria
group (p <0.0001). Seventy-five percent of the patients had
a live birth after treatment, and 37.2% had at least one APO.
As expected, pregnancy loss and APO were significantly
more frequent in the primary APS group (p <0.05). More
in detail, early abortion was significantly more frequent in
the primary APS group compared to asymptomatic car-
riers (p =0.03), and early abortion (p =0.04), fetal death
(p=0.01), and preterm delivery (p =0.01) compared with
non-criteria patients.

Main Characteristics of the Patients According
to the aGAPSS Risk

When patients were stratified according to aGAPSS val-
ues, 73 (53.3%) were categorized as low risk, 40 (29.2%) as
medium risk, and 24 (17.5%) as high risk. The main char-
acteristics of the patients according to the aGAPSS risk cat-
egories are shown in Table 3. Patients in the high-risk group
were younger than those in the other two groups (p =0.02
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Table 1 Demographic characteristics, cardiovascular risk factors, main comorbidities, serological groups, and treatment in the different study

groups
Primary APS (N = 65) Non-criteria obstetric Asymptomatic
morbidity (V=61) carriers
=11
Age (yrs, mean+SD) 33.6+4.8 33.3+6.1 333+£5.7
Follow-up, months (median, (95% IQR)) 121 (82.2-205.7) 96 (35.5-202) * 192 (74-254) *
Family history of thrombosis (%) 12.3 6.6 0
Cardiovascular risk factors (%) 61.5 45.9 45.5
Obesity 21.7 10.9 0
Smoking 47.7 344 36.4
High blood pressure 9.2 9.8 9.1
Diabetes 3.1 1.6 0
Dyslipidemia 6.2 4.9 9.1
Comorbidities (%)
Inherited thrombophilia 18.9 8.9 10
Thyroid disease 12.3 13.1 0
Obstetric comorbidity 10.8 14.8 18.2
Serological groups (%)
Double/Triple + 30.8 27.9 54.5
LA+ 18.5 9.8 18.2
aCL+ 30.8 27.9 18.2
AB2GPI + 20 344 9.1
Standard treatment (%)
LDA 98.5 95.1 100
LWMH 76.9 49.2" 36.4™
LDA +LWMH 76.9" 47.5" 36.4™
aGAPSS (median, [95% IQR]) 6 (4-9) 5(4-9) 8 (5-13)

APS antiphospholipid syndrome, yrs years, SD standard deviation, /QR interquartile range, LA lupus anticoagulant, aCL anticardiolipin antibod-
ies, AB2GPI anti-b2- glycoprotein I, LDA low dose aspirin, LWMH low weight molecular heparin

“p<0.05 (non-criteria obstetric morbidity versus asymptomatic carriers); ~ p<0.05 (primary APS versus non-criteria obstetric morbidity);

p<0.05 (primary APS versus asymptomatic carriers)

compared to medium risk and p=0.004 compared to low-  was only significant for dyslipidemia compared to the low-
risk groups). Patients in the medium-risk group had more  risk group (p=0.02). As expected, the majority of patients
cardiovascular risk factors overall, although this difference  in the high-risk group carried a double/triple-positive aPL

Table 2 Obstetric outcome and
main obstetric complications
in the different groups after

treatment
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Primary APS Non-criteria obstetric =~ Asymptomatic

(N=65) morbidity (N =61) carriers
N=11)

Pregnancy, number (median, (95% IQR)) 4 (3-5)"""" 3 (2-4)"" 2 (1-3)"""
Live births (%) 76.6 73.8 72.7
Pregnancy loss (%) 35.47 16.4™ 0
Adverse pregnancy outcome (%) 554" 24.6™ 0
Abortion < 10 weeks 323" 16.4™ 0"
Fetal death > 10 weeks 10.8™ 0 0
Preeclampsia/eclampsia 3.1 6.6 0
Preterm < 37 weeks 20" 49" 0
Abruptio placentae 0 1.6 0

APS antiphospholipid syndrome

"p<0.05 (non-criteria obstetric morbidity versus asymptomatic carriers); ~'p<0.05 (primary APS versus
non-criteria obstetric morbidity); “*“p <0.05 (primary APS versus asymptomatic carriers)
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Table 3 Demographic characteristics, cardiovascular risk factors, and main comorbidities in the different study groups

aGAPSS <6 (N=73)

aGAPSS 6-11 (N=40) aGAPSS>12 (N=24)

34.12+5.09™
103 (60.5-202)

Age (yrs, mean+SD)
Follow-up, months (median, (95% IQR))

Family history of thrombosis (%) 9.6
Cardiovascular risk factors (%) 479
Obesity 134
Smoking 41.1
High blood pressure 6.8
Diabetes 1.4
Dyslipidemia 14"
Comorbidities (%)

Inherited thrombophilia 12.5
Thyroid disease 11
Obstetric comorbidity 20.5"
Serologic profile (%)

Double/triple + 1.4
LA+ 233"
aCL+ 384"
AB2GPI+ 37"
Standard treatment (%)

LDA 94.5
LWMH 47.9%
LDA +LWMH 46.6"

aGAPSS (median, (95% IQR)) 4 (4-5)

34.03+5.6" 30.54 4. 5.48""
108 (65-182) 194.5 (59-232.5)
10 42

62.5 542

17.1 174

425 375

17.5 40

3 0

125" 83

8.6 25

17.5 40

5 42

475+ 95.8""

757" 0

25" Am

20" 0

100 100

70" g7 5™

70" 47 5™
9(7.25-9) 13 (12-13)

APS antiphospholipid syndrome, yrs years, SD standard deviation, LA lupus anticoagulant, aCL anticardiolipin antibodies, AB2GPI anti-b2- gly-

coprotein

“p<0.05 (aGAPSS high-risk versus medium-risk); “"p <0.05 (aGAPSS high-risk versus low-risk); “*“p <0.05 (aGAPSS medium-risk versus

low-risk)

profile (p <0.000), and patients in the low-risk group had
mainly a single positive serological profile (p <0.05). As
shown in Table 3, the vast majority of patients in the three
groups received LDA. LWMH and the combination of LDA
and LWMH were more frequently used in the medium-
(p=0.02) and high-risk groups (p =0.001) compared to the
low-risk group. No significant differences in the number of
pregnancies between the three aGAPSS groups (high: 3 3,
4], medium 4 [2.25-4.75], or low risk 3 [2-5]) were found.

Impact of aGAPSS Risk Stratification
on the Obstetric Outcomes

As shown in Fig. 2a, there was a trend for an increase in preg-
nancy loss with the increase in aGAPSS risk. However, these
differences were not statistically significant between groups.
Furthermore, when we analyzed not only pregnancy loss but
the overall obstetric complications included in the APO defi-
nition, we found no differences between low- and high-risk
groups, and patients in the medium-risk category developed
more frequently APO despite standard treatment (Fig. 2b).

What Do We Learn from the Literature Review?

There is clear evidence of thrombosis recurrence and preg-
nancy complications in APS patients. In fact, up to 20-30%
of the APS subjects present new clinical events, despite
treatment [33]. Therefore, one of the most remarkable
aspects of this syndrome is the appropriate stratification of
refractory patients to initiate early treatment and avoid over-
treating those with lower risk. In order to stratify the risk of
developing clinical manifestations, several scores have been
proposed (Table 4) [10-12, 14, 16, 20, 21, 34-40]. Two dif-
ferent algorithms were developed to stratify the thrombotic
and obstetric risk: the antiphospholipid score (aPL-S) [12]
and the Global Antiphospholipid Syndrome Score (GAPSS)
[11]. APL-S was based only on the autoantibody profile
[12]. However, thrombosis is a multifactorial condition, and
cardiovascular risk factors (CVRF) such as smoking, hyper-
lipidemia, hypertension, and diabetes have been evaluated
in APS patients and aPL carriers [41]. Therefore, the need
to consider other relevant variables involved in the devel-
opment of complications arises. Thus, Sciascia et al. [36]
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Fig.2 Pregnancy loss and adverse pregnancy outcomes (APO) in the
three study groups according to aGAPSS categories after standard
treatment. a Rates of patients with pregnancy loss expressed as per-
centages. b APO expressed as percentages in the three groups accord-

developed, in 2013, the GAPSS score that takes into account
the combination of CVRF and aPL positivity profile. In the
APS study cohort, only hyperlipidemia and hypertension
remained as independent risk factors for developing any
clinical complication in the multivariable analysis. The
remaining CVRF did not show any significant difference,
and therefore, they were not included in the score. In 2018,
the same investigators [16] carried out a systematic review
of the literature to assess the clinical utility of GAPSS and
aGAPSS for risk stratification of any clinical manifestation
of APS. They applied these algorithms to ten cohorts which
included 2273 patients and found a statistically significant
difference in both scores between patients who experience an
arterial and/or venous thrombotic event (GAPSS, 10.6 +4.7
and aGAPSS, 7.6 +3.9) and those with obstetric morbidity
(GAPSS, 8.8+2.6 and aGAPSS, 6.7 +2.8). In 2020, Uludag
et al. [14] conducted a retrospective analysis to assess the
effectiveness of aGAPSS to predict clinical manifestations in
APS (both criteria and extra criteria). Ninety-eighth patients
with APS and SLE were included and classified according to
their clinical manifestations in vascular thrombosis, obstet-
ric morbidity, or both. Significantly higher aGAPSS values
were observed in the vascular thrombosis (n=58) and vas-
cular thrombosis plus obstetric morbidity (n=29) groups,
compared with those patients with obstetric morbidity only
(n=11) (10.6 £3.7 vs. 7.4 £2.9, p=0.005, and 10.7 +4.0
vs. 7.4+2.9).

After the systematic review of the literature, three ret-
rospective studies of GAPSS in obstetric APS were identi-
fied. In 2018, de Jesus et al. [38] performed a retrospective
analysis from an APS multicenter database. Of 126 patients
with obstetric APS, 74 presented thrombosis, and 47 of them
developed thrombosis after the initial obstetric complica-
tion during a mean follow-up of 8 years. Younger age at the
time of APS diagnosis, the presence of additional CVRF
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ing to aGAPSS categories. aGAPSS risk was established according
to Radin et al. [20]: low-risk (<6 points), medium-risk (6—11 points),
and high-risk (> 12 points)

(smoking, hypertension, or hyperlipidemia), venous throm-
bosis, valvular heart disease, and multiple aPL positivity
increased the risk for a first thrombotic event after the obstet-
ric complication. Women who suffered a thrombotic event
after the obstetric complication had a higher aGAPSS than
women with obstetric APS alone (median, 11.5 (4-16) vs.
9 (4-13); p=0.0089). They concluded that the aGAPSS is
a valuable tool to improve the risk stratification in women
with aPL.

More recently, Radin et al. [20] investigated the individ-
ual clinical response to standard therapy in women with APS
after stratifying by GAPSS. One hundred and thirty-three
women with aPL (352 pregnancies) treated with standard
therapy were included. They were grouped, according to
their GAPSS value, into low (<6, n=72), medium (6-11,
n=066), and high risk (> 12, n=35). The live birth rate was
70.5% (248 out of 352 pregnancies). When they analyzed
the number of pregnancies in the three groups, women with
high risk had a significantly lower live birth rate than the
other groups (11 (40.7%) live births vs. 100 (62.1%) and 137
(82.5%), respectively; p <0.05).

In the same year, Schreiber et al. [21] conducted a study
to validate GAPPS in a cohort of 143 women with preg-
nancy history and diagnosed with SLE. Patients with three
or more early consecutive miscarriages (< 10 weeks), fetal
death, one spontaneous miscarriage before 10 weeks of
gestation, preterm birth (< 34 weeks), preeclampsia, and
placental infarction had significantly higher GAPSS values
than those without previous pregnancy complications. The
odds ratio of having obstetric complications with GAPSS
values > 8 was 20, compared with those with GAPSS < 1
(p<0.001).

Regarding the obstetric complications in APS, it is worthy to
note that the GAPPS/aGAPPS algorithms have been validated
in a few studies, including patients with obstetric APS and
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those who did not strictly match the disease criteria, becoming
part of the “non-criteria obstetric APS.” Within this large
group of patients, some of them meet the clinical but not the
serological criteria “(inconclusive serologic APS”), although
they could benefit from preventive therapy. This supports the
need to modify the existing risk scores, adding the high aPL
titers and the low ones, including many patients who fit this
feature but are currently excluded. Taking this into account, a
new algorithm called EUREKA was developed to stratify the
probability of obstetric complications in APS patients with
different aPL titers and evaluate the effectiveness of the therapy
based on the aPL profile [10]. They conducted a retrospective
study in 381 women with 155 aPL carriers and 226 having
some autoimmune disease but negative aPL. This study aimed
to investigate the impact of aPL positivity in the development of
obstetric complications, both at medium-high titers (included
in the classification criteria for APS) and at low titers (non-
conventional criteria). Besides, the authors analyzed the efficacy
of the therapy with acetylsalicylic acid (ASA), low molecular
weight heparin (LMWH), and hydroxychloroquine (HCQ) to
reduce the likelihood of development obstetric complications.

Regarding the impact of the aPL in obstetric morbid-
ity, the probability of developing obstetric complications
in women with autoimmune disease and negative aPL was
39%. Meanwhile, in those with positive aPL, this probabil-
ity was 64% with low titers and 68% with high titers with a
particularly higher risk in those with LA and/or IgG anti-
B2GPI positivity (86% and 76%, respectively). Concerning
the efficacy of the therapy, those subjects with low aPL titers
(without IgG anti-p2GPI) benefited from ASA monotherapy
and in association with LMWH or from triple therapy with
HCQ. However, although not significantly, LA and IgG
anti-p2GPI carriers (high risk) the triple therapy reduced
the probability of obstetric complications.

pared to those with a

GAPSS of<1 (p<0.001)
of positive LA or anti-B2GPI IgG. LDASA significantly

affects PPM exclusively in women with low titer aPL
without anti-B2GPI IgG. LDASA + LMWH combination

significantly reduces PPM in all women with low titer
aPL and women with criteria aPL, except those carrying

vIUGR) have significantly higher GAPSS values. Patients
with three or more consecutive early miscarriages
affect the basal risks of PPM, an increase occurs in case
LA and anti-B2GPI IgG. In this group, the addition of
HCQ further reduces PPM, although not significantly

(< 10 weeks), fetal death, miscarriage < 10 weeks'
gestation, premature birth (<34 weeks), pre-eclampsia

death, placental abruption, prematurity, pre-eclampsia, or
(<34 weeks), stillbirth, and placental infarction had
significantly higher GAPSS values compared to those
ratio of having any pregnancy morbidity when having

a GAPSS value > 8 was 20 com,
IgM and anti-p2GPI IgM, alone or combined, do not

‘Women with any placental medicated complication (fetal
without previous pregnancy complications. The odds
PPM was further stratified upon the aPL tests: aCL IgG/

Main results

classification criteria and at titers lower than thresholds
considered by classification criteria on PM and
assesses the effectiveness of treatment in reducing the

probability of PM (PPM)

To validate the GAPSS in a cohort of women with SLE
and aPL

To investigate the impact of aPL positivity fulfilling

Objective

No. of patients
143
381

N
N

Discussion

In the present study, we evaluate the utility of the aGAPSS
score to identify the response to treatment in aPL carriers
during subsequent pregnancies. As shown here, the aGAPSS
score that includes cardiovascular risk factors and the aPL
profile does not allow stratifying the patients at higher risk

Women ever pregnant with SLE and APS
Women with APS and SAD and negative aPL

Study population

APS anti-phospholipid syndrome, SAD systemic autoimmune disease, aPL-S anti-phospholipid score, GAPSS Global Antiphospholipid Syndrome Score, aGAPSS adjusted Global Antiphos-

pholipid Syndrome Score, SLE systemic lupus erythematosus, APS anti-phospholipid syndrome, aPL anti-phospholipid antibodies, aCL anti-cardiolipin, f2GPI p2-glycoprotein I, ELISA
enzyme-linked immunoassay, CIA chemiluminescent immunoassay, LA lupus anticoagulant, PM pregnancy morbidity, /UGR intrauterine growth restriction, LDASA low-dose aspirin, LMWH

low molecular weight heparin, HCQ hydroxychloroquine, Ob-APS obstetric anti-phospholipid syndrome, f2GPI-D1 p2-glycoprotein I domain 1, SoC standard of care, AUC area under the curve

5 |2 2

E g g of obstetric complications despite standard treatment.

;: 5 i’cj To the best of our knowledge, only one recent study
reported the possible usefulness of GAPSS as a tool to strat-
ify the risk of obstetric complications in pregnant subjects

S _ with aPL [20]. In that study, which mainly included patients
é 8 % with SLE, it was suggested that GAPSS could be a useful
g g % tool to stratify the response to standard treatment. Among
= g |3 «‘: the advantages of this type of approach, the authors sug-
% E %; é gested the possibility of adjusting the treatment guidelines
N b £ for high-risk groups, its potential utility in the development

@ Springer



306

Clinical Reviews in Allergy & Immunology (2022) 63:297-310

Fig.3 Pregnancy loss and 90
adverse pregnancy outcomes

(APO) in the three groups 80
according to aGAPSS catego-

ries before treatment. Rates 70
of patients with pregnancy

loss and APO were expressed 60
as percentages in the three

groups according to aGAPSS 50
categories before standard
treatment. aGAPSS risk was 40
established according to Radin

et al. [20]: low-risk (< 6 points), 30
medium-risk (6-11 points),

and high-risk (> 12 points).
*p<0.05 (aGAPSS > 12 vs.
aGAPSS 6-11); **p <0.05
(aGAPSS > 12 vs. aGAPSS < 6);
*##%p <0.05 (aGAPSS 6-11 vs.
aGAPSS <6)

*x

%

20

aGAPSS <6

B Pregnancy loss
@ Preeclampsia/eclampsia

of future therapeutic schemes, and the benefit of having, in
daily clinical practice, a simple tool without additional cost.
Besides, it would allow the identification of those patients
who present only obstetric symptoms and are at risk of
developing future thrombotic complications. As shown here,
we cannot confirm the utility of the aGAPSS in our study
population. However, as the frequency of thrombotic events
during the follow-up was extremely low in our cohort, we
could not assess the last possibility.

Several possible explanations could justify our results.
First of all, the aGAPSS includes traditional cardiovascular
risk factors such as hypertension and dyslipidemia. Although
highly relevant in developing thrombotic processes, given
their low frequency in the population of women of childbear-
ing age, they may provide little discriminatory value over
other factors more directly related to obstetric outcomes.
Thus, hypertension has a clear impact on the obstetric
prognosis of pregnant women [42], whereas dyslipidemia,
which has a high score on the aGAPSS, does not have such
a defined role during pregnancy [43]. On the other hand,
while there is some consensus that LA is the main antibody
related to obstetric morbidity in patients with aPL [44, 45],
LA score in the aGAPSS is lower than aCL antibodies. Fur-
thermore, the presence of double/triple positivity, which is
associated with a higher frequency of clinical APS [25, 46],
is not considered as a differential risk factor in the aGAPSS.
Finally, and although unlikely, we cannot exclude the possi-
bility that using aGAPSS instead of GAPSS, which includes
antiphosphatidyl serine/prothrombin antibodies, may have
influenced our final results.

When assessing the risk of obstetric morbidity, espe-
cially pregnancy loss, regardless of the presence or absence
of aPL, two are key factors in further pregnancies: age and

@ Springer

O Adverse pregnancy outcome B Abortion <10w B Fetal death >10w

m Preterm <37w B Abruptio placentae

previous obstetric history [47]. In this regard, patients in the
high-risk group were significantly younger than patients in
the medium and low-risk categories. Furthermore, as shown
in Fig. 3, patients in the medium- and low-risk groups had a
worse previous obstetric history concerning both pregnancy
loss and APO. Therefore, the possible role of the aGAPSS
to predict the risk of further obstetric complications was
modulated by the two main factors related to obstetric out-
comes. For these reasons, and regardless of the positivity
of aPL, future scores that look to assess the risk of future
complications and the impact of the different treatments on
women with aPL should specifically consider at least these
two variables.

Our study has certain limitations. First are those inherent
to a retrospective design. Besides, it is carried out in a sin-
gle center and a multidisciplinary unit specifically devoted
to the treatment of obstetric complications in patients with
autoimmune diseases. This means that the results cannot be
extrapolated to other populations and probably to the care of
pregnant patients outside highly specialized units. Although
the group of asymptomatic carriers included in our cohort
is small, they present similar demographic characteristics to
the other two groups analyzed.

Furthermore, the vast majority of these asymptomatic
carriers present a high-risk serological profile, with almost
three-quarters of them carrying LA or double/triple positiv-
ity. The possibility that these patients would develop clinical
manifestations during a longer follow-up is unlikely since
they have been followed up for a very long period, and in
our experience, asymptomatic carriers tend to develop clini-
cal manifestations earlier [41]. Finally, considering whether
patients who do not meet clinical criteria for the disease or
even if patients with a high-risk serological profile should
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o o S .o o ; 2 be treated similarly to patients with APS remains a subject
E § z g 2 % g g‘ of intense debate [48, 49], although the obstetric outcomes
R g 2 < ..
- 53 2 3 2 =) are similar when treated [50].
= = 17} = . .
5582 £ 2 = g We consider that our study has certain advantages over
TE G E o2 3 _ . . . .
%g e S % «; i g E previous ones. Firstly, these studies have been carried out
—_ 172 - . . . . . .
'é g g '% = E 2 é in patients with aPL associated with other autoimmune
= = Q . . .
= cz g i g 3 5 8 3 diseases, mainly SLE, whereas those patients have been
é g £ =z Q:? . g8 % excluded from our study. Thus, we could analyze a more
—_ X S g jor = . . . .o .
S5 82888 9 s homogeneous population of patients belonging to the clini-
9 (SN = L 25 o g ]
c252.%5% & & cal spectrum of APS. Secondly, the present cohort represents
9 EEK S b = < ) "
S% 5% ; ?3“'; 5§ o Q the whole spectrum of patients with aPL. It ranges from
o O = < . R . . . .
Ee-z2855¢ 2 g asymptomatic carriers to patients with primary APS, defined
g = 3 E % é E £ 2 3 according to the classification criteria [24], and includes
M EHETSEE B “ . . Lo .
< | £ ; E £z Es‘ % 2= g patients with aPL who present obstetric manifestations
o2 SE £35 8 . . o
= Z 8382 “2 5852 “E not included in these criteria but represent a very relevant
= @ . . o . .
E é s 2£85s84¢ & a subgroup in routine clinical practice. Another advantage of
¢ ¢ 2 our study is that in addition to the cardiovascular risk fac-
T8 e E £ tors and the serological profile, we have also included other
g ; 2 é % o g S z é comorbidities that could influence the overall obstetric prog-
Z 3 _q§ %% E 2 g nf ::g-':*é nosis [51-54]. Although we did not find significant differ-
£5 Ez2 3 g g Z& ences in these comorbidities when we analyzed the groups
O .= = > 9 S = = — . op e .
£ Eig z :5) S 3 =2 S g of aPL carriers, after stratifying by aGAPSS, the patients
> o [=] . . . . .
L‘é é £ & § = B E '% 5 5 :; included in the low-risk group did present a higher propor-
ST ; g S . . T .
£ E g & § § 3080 % £ § g tion of obstetric comorbidities (p =0.027 compared with the
= o = i - . . . . .
2 023 < é 2 g 4 5 z medium risk and p=0.11 with high-the risk group). How-
% = _q§ '% & g i = ”-é & g a ever, we consider that these differences have not contributed
SE5-5 8 £8:2% S E significantly to our results.
€2 583 o LE—Zw 2 < . .. .
w| 2222 ‘2 we o= Z =N After an extensive revision (Table 5), it seems that the
— Q 4 2 N . .
L1282 £ g3 22 < “2 g 5 8 GAPSS/aGAPSS might be superior to the aPL-S. The find-
8= B E 4 =¥ = B S . . e
3| & 3 525% £ £ =F 2% = ings that support this fact are the addition of CVRF, the
g 2o 3 = .5 2 . . . . .. e
§ E 5 '_é = é 2 g § é § e % % 8 greater scientific evidence of their clinical utility in throm-
@ 8 c o o i) e 8 = H s _ 3
A *% SESE58EY 2£s ﬁ--; botic APS compared with the aPL-S (19 studies based' on
Q| x . . . . . 23 GAPSS, and 5 about aPL-S), the addition of extra crite-
, < 2 . . . . .
& - S ria manifestations that allow better detection of associated
e > QS = . . . .. . ..
= Rz 5 complications, and finally, its clinical simplicity. However,
= > o .
ks e % 5 despite the GAPSS/aGAPSS benefits, there are some pend-
g Q“E £ g % ing studies of validation in conventional and non-conven-
2= 2 . . .
g Lz £ tional obstetric APS. As our study points out, further stud-
Y O =] . s
8 2 é = £, § ies are needed, and probably, the addition of other factors
=, 5B 2 .
S &= 2= g £y related to the pregnancy should be considered. In an attempt
— 1] = [S902) .
5 a.g g 5 20 to resolve part of this gap, Pregnolato et al. [10] developed
= hel < . . . . .
% Se2 23 - —g the EUREKA algorithm, including the low aPL titers, which
k) SE wg o gj g means that those women who were excluded from the diag-
§ 2 § é i}t} Z '-g_ nostic of APS, and therefore, without treatment, will be con-
g gz °g g £ 3 sidered. Since there is only one retrospective study on this
&g &% = . . . . .
£ wl| 22 E E ‘g E & issue, further validation of the EUREKA algorithm will be
© i D = 2 e
@n X RS
E 222 253 < necessary.
2 | ® < A =8 In summary, in the present study, including aPL carriers
o . . .
;5 £ without other autoimmune diseases, the aGAPSS does not
B 2 g = g seem to be a valuable tool to identify patients at risk for
) 2 = S35 . R R R
g Lt 2 5 obstetric complications despite treatment. In these patients
@ £ E‘E - 2 with gestational desire, in addition to the aPL profile, other
-] ] S & Q. A,
[ =} ] < =
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pregnancy-specific factors, such as age or previous obstetric
history, should be considered.
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