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Abstract

Objective: The first aim was to retrospectively identify risk factors for the development of early severe preeclampsia
(sPE) in patients with obstetric antiphospholipid syndrome (OAPS) who received conventional treatment (CT). The
second aim was to evaluate the impact of hydroxychloroquine (HCQ) in preventing early sPE among a subgroup of
patients considered at high risk.

Methods: A total of 102 women diagnosed with OAPS and treated with CT since the diagnosis of pregnancy were
selected. At the end of pregnancy, we identified risk factors associated with early sPE. According to these risk factors,
we collected a new cohort of 42 patients who presented high-risk factors for developing early sPE and split them into
two groups according to the treatment received: group A, CT (30 patients); and group B, CT4+HCQ (12 patients). We
evaluated and compared pregnancy outcomes in both groups.

Results: According to the multivariate analysis, risk factors associated with early sPE and CT were triple positivity for
antiphospholipid antibodies (aPL) (OR =24.70, [4.27-142.92], p < 0.001) and a history of early sPE (OR=7.11, [I.13—
44.64], p=0.036). A low-risk aPL profile was associated with a good response to CT in preventing early sPE
(OR=0.073, [0.014-0.382], p =0.002). High-risk patients treated with CT+HCQ had a significantly lower early sPE
rate than those treated with CT only (8.3% vs 40.0%; p =0.03).

Conclusion: Triple positivity for aPL and a history of early sPE are potential strong risk factors for the development of
early sPE. HCQ might be an interesting therapeutic option for patients with high-risk factors for early sPE.
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perinatal mortality.®” Despite the controversy over the
considerable heterogeneity and variability among
the results of studies showing an association between
the presence of antiphospholipid antibodies (aPL) and
PE,*® a recent prospective case-control study with a
rigorous design and strict selection criteria provided
strong evidence for an association between early sPE
and aPL (11.5% in the aPL group vs 1.4% in the con-
trol group, OR =8.9 [95% CI 1.9-41.4)).*

Conventional treatment (CT) based on low-
molecular-weight heparin (LMWH) and aspirin is
only partially effective in preventing early sPE in
patients with obstetric APS (OAPS).? In fact, different
study groups have proposed new therapeutic alterna-
tives for the prevention of early sPE in pregnant
women with APS, such as hydroxychloroquine
(HCQ) and statins."*!%'? Therefore, our study aimed
to extensively evaluate and classify patients with OAPS
according to their risk of developing early sPE and
then to evaluate the effects of treatment with HCQ
on that risk.

Materials and methods

Study population

The first aim of our study was to retrospectively iden-
tify risk factors for the development of early sPE in
patients with OAPS who received CT. We carefully
selected 102 women diagnosed with OAPS with com-
plete data who attended our centers between April 2010
and July 2017.

All pregnant women fulfilled the criteria for
OAPS."? These patients were treated for OAPS with
CT only, including low-dose aspirin (LDA, 100 mg/
day) beginning in the preconception period (at least
one month before attempting conception) and a pro-
phylactic dose of LMWH (40 mg/day) since the diag-
nosis of pregnancy.

Only 6 pregnant women who had a history of deep
venous thrombosis received therapeutic doses of
LMWH + LDA. All systemic lupus erythematosus
(SLE) patients were in remission and not receiving
any SLE-specific treatment.

The strict exclusion criteria were as follows: patients
who initiated conventional therapy for APS after the
7th week of gestation; patients with other thrombo-
philia, metabolic or endocrine alterations (Cushing’s
disease, diabetes, thyroid disease, etc.); patients with
clinical conditions that might negatively affect preg-
nancy outcomes (cardiovascular disease, chronic renal
failure, severe respiratory disease, among others); or
patients who received additional treatment for rheu-
matic diseases.

At the end of their following pregnancy, we evalu-
ated the association of OAPS and consequent treat-
ment with CT with the risk of developing early sPE,
taking into account the following risk factors: obesity,
metabolic syndrome, chronic hypertension, hypertri-
glyceridemia, diabetes, maternal age, smoking history,
history of previous PE, presence of lupus anticoagu-
lant, aPL positivity (triple, double, or single), SLE,
late pregnancy loss, history of intrauterine growth
restriction and high titer of aPL.

Once risk factors for sPE were established in OAPS
patients on CT, we collected a new cohort of patients
with these risk factors and evaluated the effect of
adding HCQ to CT. To properly analyze the relation-
ship between high-risk variables and treatment, we
analyzed two groups of patients: group A: patients
treated with CT (30 patients); and group B: patients
treated with CT+HCQ (12 patients). We evaluated
and compared pregnancy outcomes in both groups.

Definitions

Pregnancy loss was defined as the loss of the product of
conception during pregnancy, including fetal loss and
miscarriage. Miscarriage was defined as pregnancy loss
prior to 20 weeks of gestation; early and late miscar-
riage were defined as pregnancy loss prior to and after
10 weeks, respectively; and fetal loss was defined as
pregnancy loss after 20 weeks of gestation. Pregnancy
complications included PE, fetal growth restriction
(FGR) and prematurity. PE was defined as diastolic
blood pressure of 90 mmHg or higher or systolic
blood pressure of 140 mmHg or higher on 2 occasions
at least 4 hours apart after 20 weeks of gestation with
significant proteinuria (0.3 grams in a 24-hour urine
sample). PE was classified as early if the onset was
before 34 weeks. PE was classified as severe if it includ-
ed one of the following factors: severe hypertension
(diastolic blood pressure >110mmHg or systolic
blood pressure >160mm Hg), eclampsia (seizures),
pulmonary edema, symptoms of hypertensive disease
(defined as severe headache, right upper quadrant
pain, visual changes, and/or epigastric pain), renal
insufficiency as revealed by abnormal creatinine levels
(creatinine >1.1mg/dL), platelet count <100.000/puL,
and abnormally high liver enzyme levels
(aspartate aminotransferase or alanine aminotransfer-
ase >801U/L). FGR was defined as fetal weight below
the 10th percentile. Prematurity was defined as birth
prior to 36 completed weeks of gestation.

Laboratory tests

All patients were diagnosed with OAPS if their labora-
tory criteria were positive on two or more occasions at
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least 12 weeks after their first positive result. The fol-
lowing aPL tests were used: lupus anticoagulant (LA),
anti-f32 glycoprotein I (af2GPI) antibody IgG and/or
IgM, and anticardiolipin antibodies (aCLs) IgG
and/or IgM.

Blood samples. Blood was obtained by clean venipunc-
ture (after an 8-hour fast) and collected into plastic
tubes containing sodium citrate (ratio, 9:1). After two
centrifugation steps at 2500 xg for 15minutes, the
platelet-poor plasma was immediately assayed for LA
and then stored at —40°C. For serum preparation, the
blood was collected into tubes, allowed to clot at 37°C
and then centrifuged at 1500 xg. The serum was stored
at —40°C until use.

Serum. aCLs were measured using standardized
enzyme immunoassays of IgG and IgM isotypes that
were developed in-house as previously reported.'
af>,GPI was measured by a commercial enzyme immu-
noassay kit for IgG and IgM isotypes (BioSystems S.
A., Barcelona, Spain). Medium or high titers of serum
aCL or af,GPl were considered a positive result.
A medium titer was defined as >99th percentile (great-
er than 40 GPL or MPL or greater than 40 UG or UM
according to the international criteria). A high titer was
arbitrarily defined as 80 GPL or MPL or as 80 UG or
UM (according to previous publications).'>!

Plasma citrate. The plasma samples were evaluated for
the presence of LA activity using two tests: the dilute
Russell viper venom time (TriniCLOT Lupus Screen
and/or Confirm, Tcoag, Co. Wicklow, Ireland) and
silica clotting time (HemoslL, Instrumentation
Laboratory, Bedford, MA, USA). To identify the
inhibitor, these clotting tests were conducted with a
1:1 mixture of patient plasma and normal plasma. As
a confirmatory test, we used a phospholipid neutraliza-
tion procedure. LA was diagnosed when at least one of
the screening and one of the confirmatory procedures
were positive according to the international criteria."?

aPL profile. We classified the patients according to
aPL positivity in the laboratory tests: triple-positive
for aPL (LA+, aCL+ and aff2GPI+), double-positive
for aPL (LA+ and aCL+, LA+ and af2GPI+, or
aCL+ and af2GPI+) and single-positive for aPL
(LA+, aCL+, or ap2GPI+).

We classified the patients into the low-, medium-
and high-titer groups according to the serum levels of
aCL IgG and IgM or af2GPI IgG and IgM. A low titer
was defined as less than 39 GPL or MPL or less than 39
UG or UM, a medium titer was defined as 40 to 79
GPL or MPL or as 40 to 79 UG or UM, and a high
titer was arbitrarily defined as greater than or equal to

80 GPL or MPL or greater than or equal to 80 UG or
UM (according to previous publications).'>!®

Ethics

This study was approved by the ethics committee of the
respective medical center and was performed according
to the principles of the Declaration of Helsinki and
current national laws. Informed consent was obtained
from all the participants.

Statistical analysis

Statistical analysis was performed using the SPSS sta-
tistical software package (version 23.0 for Windows,
SPSS, Chicago, 1L, USA). Because the data were not
normally distributed, the results are presented as
medians and percentiles (25 and 75) or percentages.
Nonparametric tests (Mann-Whitney U) were used to
compare quantitative data, and the chi-square test or
Fisher’s exact test was used to compare proportions,
with McNemar’s chi-square test for paired data.
A simple binary logistic regression and multivariable
logistic regression analyses were performed to evaluate
the association between early sPE and the studied var-
iables. The odds ratio (OR) and corresponding 95%
confidence interval (CI) were estimated to assess the
strength of the association between early sPE and the
studied variables. P <0.05 was considered to indicate
statistical significance.

Results

This study included 102 pregnant women diagnosed
with OAPS (median age: 31 years; interquartile range:
28-36 years) who were treated at our clinical centers
between 2010 and 2017. Demographic, clinical and lab-
oratory characteristics are described in Table 1.

After CT, 18 patients (17.6%) suffered pregnancy
loss, of which 8 (7.8%) were fetal losses and 10
(9.8%) were miscarriages. Meanwhile, live births were
achieved by 84 patients (82.3%). Overall, 9 patients
(8.8%) developed early sPE, and 11 (10.8%) presented
with FGR. From the subgroup of patients with only
miscarriage, no one presented early sPE.

We also analyzed the potential effect of CT on pre-
venting early sPE in OAPS patients according to their
aPL profile. In the first analysis, we observed a signif-
icantly decreased early sPE rate in patients with single
or double positivity for aPL after CT treatment [17.2%
(15/87) before CT vs 3.5% (3/87) after CT; p=0.0015].
Meanwhile, in patients with triple positivity for aPL,
the rate of early sPE increased after CT, although the
difference was not statistically significant (20.0% (3/15)
before CT vs 40.0% (6/15) after CT; p=0.248).
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We analyzed which variables are associated with the
risk of developing early sPE among OAPS patients on
CT (Table 2); and then a univariable binary logistic
regression was performed. We found that the presence
of triple positivity for aPL [OR =18.667 (95% CI:
3.974-87.686), p<0.001], SLE [OR=9.829 (95% CI:
2.141-45.112), p=0.003] and a history of previous
early sPE [OR=4.514 (95% CI. 1.078-18.909),
p=0.039] were associated with a higher chance of

Table |. Demographic, clinical and laboratory characteristics of
patients with OAPS.

Number of patients All (n=102) %

Age 31 (28-36)
History of early sPE 18 17.6
History of FGR 17 16.7
Systemic lupus erythematosus I 10.8
History of thrombosis 6 59
Early miscarriage (<10 weeks) 71 69.6
Late miscarriage (10 to 20 weeks) 34 333
Only miscarriage (<20 weeks) 19 18.6
Fetal loss (>20 weeks) 46 45.1
Lupus anticoagulant 63 61.8
aCL titer (GPL/MPL)

>40 46 45.1

>80 12 1.8
af2GPI titer (UG/UM)

>40 33 324

>80 12 1.8
High aff2GPI and aCL titers 20 19.6
aPL profile

Single positivity 76 74.5

Double positivity Il 10.8

Triple positivity 15 14.7

aPL: antiphospholipid antibodies; aCL: anticardiolipin antibodies; af2GPI:
anti-f32 glycoprotein |; FGR: fetal growth restriction; sPE: severe
preeclampsia; OAPS: obstetric antiphospholipid syndrome.

developing sPE despite CT. Moreover, the presence
of single or double positivity for aPL (low risk)
was associated with significantly decreased odds of
suffering early sPE on CT [OR=0.073 (95% CI:
0.014-0.382), p=0.002], which reflects the possible effi-
cacy of this treatment in this subgroup of OAPS
patients.

Other risk factors associated with early sPE,
such as double positivity for aPL, a history of fetal
loss, high aPL titers, the presence of LA, a history
of chronic hypertension, diabetes, obesity, smoking
habit and other cardiovascular risk factors, were not
associated with the development of early sPE in our
cohort.

We then performed a multivariate analysis to con-
firm which variables are associated with a higher risk of
developing early sPE. The results of this analysis
showed that triple positivity for aPL [OR =24.70
(95% CI: 4.27-142.92); p<0.001] and a history of
early sPE [OR=7.11 (95% CI: 1.13-44.64); p =0.036]
were the only strong risk factors (high risk) for devel-
oping new-onset early sPE in OAPS patients being
treated with CT.

The second part of our study aimed to evaluate the
impact of HCQ in preventing early sPE. We identified a
new cohort of 42 patients with OAPS and at least one
high-risk factor (triple positivity for aPL and/or a his-
tory of previous early sPE) and grouped them accord-
ing to the treatment received and pregnancy outcome.
Group A (n=30) included patients treated with CT
only, while group B (n=12) included patients treated
with CT+ HCQ. The demographic and clinical
characteristics of this cohort of patients are described
in Table 3. The results of this analysis showed that
OAPS patients who received CT+HCQ had a signifi-
cantly lower early sPE rate than those treated with CT
only (p=0.03) (Table 4).

Table 2. Variables associated with risk of developing early sPE among OAPS patients on CT.

No Early sPE Early sPE

Variables % (n) % (n) p
History of early sPE 15.1 (14) 444 (4) 0.049
History of FGR 16.1 (15) 22.2 (2) 0.643
Systemic lupus erythematosus 7.5 (7) 44.4 (4) 0.007
History of thrombosis 5.4 (5) I (1) 0.434
Fetal loss (>20 weeks) 43.0 (40) 66.7 (6) 0.293
Lupus anticoagulant 58.1 (54) 100 (9) 0.012
High aCL titer (>80 GPL/MPL) 41.9 (39) 77.8 (7) 0.075
High af2GPI titer (>80 UG/UM) 29.0 (27) 66.7 (6) 0.055
High aff2GPI and aCL titers 17.2 (16) 44.4 (4) 0.071
Triple positivity of aPL 9.7 (9) 66.7 (6) <0.0001

aPL: antiphospholipid antibodies; aCL: anticardiolipin antibodies; af2GPI: anti-f2 glycoprotein |; FGR: fetal growth restriction. sPE:
severe preeclampsia; OAPS: obstetric antiphospholipid syndrome; CT: conventional treatment.
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Table 3. Demographic and clinical characteristics of patients in Groups A with conventional treatment and B with conventional

treatment + hydroxychloroquine.

Number of patients

All (n=42)

Group A (n=30) Group B (n=12)
CcT CT+HCQ

History of early severe preeclampsia
History of intrauterine growth restriction
Systemic lupus erythematosus

Triple positivity for aPL

Double positivity for aPL

Single positivity for aPL

Lupus anticoagulant

High aCL titer (>80 GPL/MPL)

High aff2GPI titer (>80 UG/UM)

54.7% (23/42)
23.8% (10/42)
16.7% (7/42)
54.7% (23/42)
2.4% (1/42)
42.8% (18/42)
80.9% (34/42)
35.7% (15/42)
38.1% (16/42)

60.0% (18/30)
16.7% (5/30)
16.7% (5/30)
50.0% (15/30)
0.0% (0/30)
50.0% (15/30)
80.0% (24/30)
26.7% (8/30)
36.7% (11/30)

41.7% (5/12)
41.7% (5/12)
16.7% (2/12)
66.6% (8/12)
8.3% (1/12)
25.0% (3/12)
83.3% (10/12)
58.3% (7/12)
41.7% (5/12)

aPL: antiphospholipid antibodies; aCL: anticardiolipin antibodies; af2GPI: anti-f2 glycoprotein |; CT: conventional treatment; HCQ:

hydroxychloroquine.

Table 4. Early severe preeclampsia rates in groups A and B after
treatment.

Early severe preeclampsia

NO YES
Group A=CT 18 (60.0%) 12 (40.0%)  P=0.03
Group B=CT + 11 (91.7%) | (8.3%)

HCQ

CT: conventional treatment; HCQ: hydroxychloroquine.

Discussion

In the last few years, LMWH and LDA have dramat-
ically improved pregnancy outcomes in patients with
OAPS, and according to the most recent EUROAPS
survey, maternal and fetal outcomes were excellent
when the recommended therapy was used appropriate-
ly.!"” Despite this advance, CT still fails in approximate-
ly 20-30% of pregnant women with OAPS.!>!®
According to different studies, these CT failures
might be associated with certain risk factors, among
which serological factors are certainly relevant.'>!??

The NOH-APS study compared the pregnancy out-
comes of 513 patients with OAPS who received CT to
those of 791 women with a history of unexplained preg-
nancy loss who tested negative for aPL (control group,
no treatment) and concluded that CT failed to reduce
the incidence of PE. They alleged that CT may be only
partially effective at preventing sPE in OAPS patients.’
The FRUIT-RCT studied 32 pregnant women with
aPL and recurrent hypertensive disorders before
34 weeks of pregnancy who were separated into two
groups according to treatment: 16 patients treated
with deltaparin and aspirin and 16 patients treated
with aspirin alone. This randomized trial did not find
a significant difference in PE prevention between the
two groups. Notably, the overall PE recurrence was

just 3.1%. This finding could be because most of the
patients had a low-risk aPL profile.”* Based on this
result, we could presume that both treatments were
acceptable at preventing PE in this cohort of patients,
since the prevalence of PE was similar to that in the
general population. Other previous randomized con-
trolled trials involved APS women with pregnancy
loss, such as those by Farquharson RG et al.>> and
Kutteh WH et al..?® showed similar results, with no
superiority of heparin + aspirin at preventing PE. All
this evidence suggests that CT has limited efficacy in
the prevention of PE.

When we evaluated the rates of early sPE in our full
cohort of patients, we found a high rate of this pathol-
ogy (8.8%) compared to the general population, but
this rate was similar to that reported by other
groups. #5727

According to the results obtained from our cohort
of 102 women with OAPS, triple positivity for aPL and
a history of early sPE were identified as strong risk
factors for the development of early sPE despite the
therapeutic use of CT. However, other previously
described risk factors for early sPE, such as cardiovas-
cular disease, LA, a history of fetal loss, obesity, smok-
ing habit, maternal age, aPL titer and other
autoimmune diseases, were not found to be associated
with this pregnancy complication in our study.

Considering that the results of several studies from
the last ten years highlight the relevance of triple pos-
itivity for aPL as a risk factor for pregnancy morbidity
and mortality, it is reasonable that this factor is asso-
ciated with the risk of developing early sPE, as we have
found.'>'" 22 Indeed, our results are in agreement
with those reported in two major studies on APS by
Saccone et al.”’ and Alijota-Reig et al.,'” in which the
PE rate was higher in OAPS patients with double or
triple positivity for aPL. Moreover, we also found that
OAPS patients with single and double positivity for
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aPL who were treated with CT had a low rate of sPE
(3.45%), similar to what was found in the FRUIT
study, where most patients had low-risk aPL profiles.**
This result might reflect the possible efficacy of this
treatment in this subgroup of low-risk patients. Based
on these results, we agree with other groups that CT is
partially effective at preventing sPE.

Additionally, the identification of an association
between a history of previous sPE and the onset of
early sPE in OAPS patients on CT was not surprising,
considering that a history of sPE is one of the most
significant and recognized risk factors for recur-
rence.’®?! In addition, it is important to mention that
the evidence indicates that the number of risk factors
exponentially increases the risk of PE.*'

The second part of our study aimed to evaluate the
impact of HCQ at preventing early sSPE among a select-
ed group of OAPS patients with high-risk factors for
this obstetric pathology. We found that high-risk
patients treated with CT+HCQ had a significantly
lower early sPE rate than those treated with CT only.
Considering the different pathways through which the
antimalarial drug HCQ exerts its effects, it might help
prevent early sPE by reducing oxidative stress in both
the placenta and endothelium and by preventing local
inflammatory processes.*> Moreover, Seo et al. found
that patients with SLE who were treated with HCQ
during pregnancy showed an 89.4% reduction in the
PE rate.** Sciascia et al. also demonstrated a reduction
in aPL-related pregnancy morbidity in patients with
APS+SLE who received HCQ treatment, and a
recent study conducted by Do S. et al. also found
that HCQ might have a protective effect against PE
in pregnant women with SLE.'*-3*

In our opinion, one of the strengths of our study
arises from our methodology of patient selection,
since we conducted a thorough analysis to identify
the risk factors for early sPE and according to these
factors selected a group of high-risk patients to evalu-
ate the impact of HCQ in preventing early sPE. Few
studies on patients with OAPS have focused on early
sPE while considering topics such as risk factors and
alternative treatments such as HCQ. However, we
acknowledge that a weakness of our study was the lim-
ited number of patients in the second cohort; although
our study had a multicenter design, patient numbers
were limited, as is common in other similar cohorts.

In conclusion, our findings suggest that CT is par-
tially effective at preventing early sPE in OAPS
patients. Triple positivity for aPL and a history of
early sPE were strong risk factors for the development
of early sPE. CT was only effective in patients at low
risk according to their aPL profile, while CT in combi-
nation with HCQ was an interesting option for

preventing sPE in patients with high-risk factors, such
as triple positivity for aPL and/or a history of early
sPE.
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