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A B S T R A C T   

In antiphospholipid syndrome (APS), the risk of clinical manifestations increases with higher titers of anti
phospholipid antibodies (aPL). Despite the adoption of aPL titers in the classification approach to aPL-positive 
subjects, the value of longitudinal monitoring of those titers in the follow-up is still debated, being well stud
ied only in systemic lupus erythematosus (SLE). The literature suggests that the rate of aPL positivity decreases 
during follow-up in primary APS, estimating that seroconversion occurs in between 8.9 and 59% of patients over 
time. Negativisation of aPL occurs more frequently in asymptomatic aPL carriers than in patients with full-blown 
APS as well as in subjects with single aPL positivity or low aPL antibody titers. In patients with SLE, aPL typically 
behave fluctuating from positive to negative and back again in the course of follow-up. 

The few studies assessing the longitudinal course of aPL positivity with no associated systemic connective 
tissue disease reported a progressive decrement of aPL titers over time, in particular of antibodies against β2 
glycoprotein I (antiβ2GPI) and cardiolipin (aCL) of IgG isotype. After a thrombotic event, aPL titers tend to 
decrease, as emerged from cohorts of both primary and secondary APS. Hydroxychloroquine has been identified 
as the most effective pharmacological agent to reduce aPL titers, with multiple studies demonstrating a parallel 
reduction in thrombosis rate. This review addresses available evidence on the significance of aPL titer fluctuation 
from clinical, therapeutic and pathogenic perspectives.   

1. Introduction 

The term titer is currently used to refer to antibody concentrations or 

levels. Antibody titers are of pivotal importance whenever dealing with 
antiphospholipid antibodies (aPL): aPL exert a pathogenic role in 
mediating both thrombotic and obstetric manifestations of 
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antiphospholipid syndrome (APS) (Figs. 1 and 2), and subjects with aPL 
are at risk of developing the manifestations included in the clinical 
spectrum of the syndrome [1,2]. Titers of aPL are known to be predictors 
of clinical events. Today, it is well accepted that the risk of developing 
aPL-mediated manifestations increases with the increase in antibody 
titers [2,3]. In addition, patients displaying high aPL titers are likely to 
be positive in all the 3 aPL laboratory detection tests routinely used for 
the diagnosis and classification of APS (anticardiolipin antibodies [aCL], 
antiβ2 glycoprotein I antibodies [antiβ2GPI] and the lupus anticoagu
lant [LA]) [4]. As a matter of fact, high titer antiβ2GPI antibodies may be 
detected in all three tests, which identify the same subset or overlapping 
subsets of antibodies: this so-called “triple positivity” is regarded as the 
highest risk profile for experiencing an aPL-related manifestation [5]. 

Despite the adoption of aPL titers and their persistence over the short 
term in the approach to a patient with clinical suspicion of APS, few 
studies have addressed the value of longitudinal monitoring during the 
follow-up of these individuals. It is still unclear if the titers are stable 
over time or rather fluctuate and, in the latter case, whether the fluc
tuation translates into a different risk of developing aPL-associated 
events. This issue has been addressed in the literature mainly in 
dichotomous terms, assessing “seroconversion” as the rate of patients in 
which aPL tests become negative during a short follow-up (Tables 1–3), 
while few studies have assessed the fluctuation of aCL and antiβ2GPI 
titers over time. It is even more complicated to monitor longitudinally 
LA activity. In the past, research efforts have been devoted to quanti
fying LA beyond the dichotomous determination. In general, those ef
forts have not been found to be useful: beyond the ratio adopted to 
define the threshold for LA positivity, higher ratios do not seem to confer 
greater risk. Scarcer data are available even about the potential effects of 
treatment on the titers of aPL: it is plausible that drugs acting on ac
quired immunity such as immunosuppressive agents, especially anti-B 
cell therapies, might affect antibody production thus resulting in a 
decrement of aPL titers [6]. 

The research quest for novel assays to detect circulating aPL is un
ceasing, and several second-line testing tools have been proposed by the 
scientific community [6,18]. Antibodies against phosphatidylserine/ 
prothrombin (aPS/PT) represent the most promising additional tool to 

detect aPL, but no longitudinal study about the fluctuation of aPS/PT is 
available. Particular attention has been given to antibodies against 
domain 1 of β2GPI (antiD1), as it is being established as one of the true 
pathogenic antibody subsets in APS [18]. Despite their strong associa
tion with aPL-associated manifestations, there is a paucity of data on 
how antiD1 antibody titers fluctuate during follow-up. 

2. Tests to detect antiphospholipid antibodies 

aCL and antiβ2GPI tests are immunoassays that detect partially 
overlapping sets of antibodies to β2 glycoprotein I (β2GPI). ELISA is 
traditionally the most used technique to detect aCL and antiβ2GPI, as 
mirrored by the very recently issued APS classification criteria based as 
previously on measurement of aCL and anti-β2GPI by standardised 
ELISA [1,2]. In particular, aCL ELISA tests can detect antiβ2GPI as β2GPI 
present in the sample buffer/blocking buffer, and/or the patient serum 
specimen binds to the cardiolipin (CL)-coated test well. Additionally, 
aCL assays can also detect antibodies binding directly to CL (present in 
patients with syphilis and other conditions) and, potentially, antibodies 
to other CL-binding proteins present in the buffers/ patient serum 
specimens [19]. Thus, changes in aCL levels could be related to anti
bodies other than antiβ2GPI. At present, several different immunoassay 
techniques are being used in real life in lieu of ELISA to detect aCL and 
antiβ2GPI as well as non-criteria aPL. These include chemiluminescence, 
fluorescence enzyme and multiplex flow immunoassays assays. These 
assays exploit the same working principle: the antibodies from plasma or 
serum bind the antigen (e.g., β2GPI) immobilized on a solid phase given 
by polystyrene cups, magnetic particles, microbeads or membranes, 
depending on the system. Anti-human IgG or IgM antibodies bound to a 
conjugate are then added; these antibodies can bind to the Fc part of 
those antibodies from the patient attached (and if) on the solid phase. 
Upon binding to the patient's antibodies, the conversion of a substrate 
through the conjugate results in a chemical reaction (color, chemilu
minescent or fluorescent), which is measured by a detector. Quantifi
cation of the antibody titer consists in the comparison of the signal 
against a calibration curve. Assays differ in solid phase, detection 
principle, coating, source of antigens and antibodies, blocking agents to 

Fig. 1. Mechanisms of thrombosis induced by antiphospholipid antibodies. Antibodies against β2 glycoprotein I interact with endothelial cells, monocytes, platelets 
and neutrophils mediating cell activation. Antibodies also activate fluid-phase coagulation and complement cascades. These steps lead to a pro—thrombotic 
phenotype that, in the presence of an additional pro-inflammatory trigger, the so-called “second hit”, ultimately results in vascular occlusion. Created with BioR 
ender.com. 
NET: neutrophil extra-cellular traps; LPS: lipopolysaccharide; TF: tissue factor; VCAM: vascular cell adhesion molecule; IL: interleukin; TLR: Toll-like receptor; TNF: 
tumour necrosis factor; MAC: membrane attack complex; aPL: antiphospholipid antibodies. 
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prevent non-specific binding, dilution protocol, calibration, and units 
[19,20]. In addition, some assays exploit automated or semi-automated 
analyzers, which have been marketed since the 2010s and are still not 
universally available. Compared to traditional manual ELISA methods, 
newer techniques may offer several advantages: consistent protocols, 
lower inter-laboratory and inter-operator variation, and broader 

Fig. 2. Mechanisms of obstetric morbidity induced by antiphospholipid antibodies. Antibodies against β2 glycoprotein I interact with maternal vasculature inducing 
spiral artery thrombosis, maternal decidua to affect proliferation and fetal trophoblast to impair growth, syncytialization and invasiveness. Antibodies also activate 
fluid-phase coagulation and complement cascades. These steps are sufficient to prevent pregnancy progression. Created with BioRender.com. 
aPL: antiphospholipid antibodies; NET: neutrophil extra-cellular traps; TF: tissue factor; VCAM: vascular cell adhesion molecule; IL: interleukin; TNF: tumour necrosis 
factor; MAC: membrane attack complex; VEGF: vascular endothelial growth factor; MMP: matrix metalloproteinase; EC: endothelial cells; ROS: Reactive oxy
gen species. 

Table 1 
Studies reporting rates of overall seroconversion of antiphospholipid antibodies 
not differentiating between tests.  

Author, year 
[REF] 

Follow- 
up 

N of 
patients 

Study cohort 
composition 

Rate of 
seroconversion* 

Giron- 
Gonzalez, 
2004 [7] 

36 
months 

404 226 APS 
178 
asymptomatic 
aPL carriers 

15.4% in APS 
22% in aPL 
carriers 

Riancho- 
Zarrabeitia, 
2017 [7] 

114 
months 

105 49 obstetric PAPS 
42 asymptomatic 
aPL carriers 
14 aPL+ SLE 

59% 

Yelnik, 2017 
[8] 

13 years 98 aPL+ 27% 

Medina, 2017 
[9] 

60 
months 

70 PAPS 34% 

Radin, 2019 
[10] 

14 years 259 APS 8.9% 

Zen, 2021 [11] 19 years 16 APS-SLE 29.1% 

N: number; APS: antiphospholipid syndrome; aPL: antiphospholipid antibodies; 
SLE: systemic lupus erythematosus; PAPS: primary antiphospholipid syndrome. 

* If not otherwise detailed, the rate of seroconversion refers to aPL-positive 
patients turning negative. 

Table 2 
Rates of seroconversion of anticardiolipin antibodies in available studies.  

Author, year 
[REF] 

Follow- 
up 

N of 
patients 

Study cohort 
composition 

Rate of 
seroconversion* 

Out, 1989 [12] 6–47 
months 

53 aPL+ SLE aCL IgG: 45% 
negative ➔ positive 
aCL IgG: 58% 
positive ➔ negative 
aCL IgM: 38% 
negative ➔ positive 
aCL IgM: 44% 
negative ➔ positive 

Out, 1992 [13] 26 
months 

53 aPL+ SLE aCL IgG: 49% 
aCL IgM: 30.2% 

Levine, 2004 
[14] 

24 
months 

482 aCL 
+

aPL+ 16.4% 

Martinez- 
Berriotxoa, 
2007 [15] 

4 aPL 
tests 

93 aCL + aPL+ SLE 43% 

Amory, 2016 
[16] 

24 
months 

485 aCL+ 35.3% 

Yelnik, 2017 
[8] 

13 years 72 aCL + aPL+ 43% 

Frodlund, 2021 
[17] 

36 
months 

7 aCL 
IgG +
11 aCL 
IgM +

Recent-onset 
SLE 

aCL IgG: 28.6% 
aCL IgM: 54.5% 

N: number; aPL: antiphospholipid antibodies; SLE: systemic lupus erythemato
sus; aCL: anticardiolipin antibodies. 

* If not otherwise detailed, the rate of seroconversion refers to aPL-positive 
patients turning negative. 
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dynamic range [19–22]. On the other hand, newer methods may have 
greater analytical sensitivity, i.e., detect lower antibody concentrations 
than standard ELISAs, which could lead to positive results that lack 
clinical significance. 

LA assay allows detecting a heterogeneous group of immunoglobu
lins behaving as acquired in vitro inhibitors of coagulation due to the 
interference of antibodies with the assembly of coagulation factor 
complexes on anionic phospholipid (PL) membranes, thereby slowing 
down the reactions. LA phenomenon is mediated by antiβ2GPI anti
bodies and, in approximately one third of cases, anti-prothrombin an
tibodies (antiPT). It has been demonstrated that bivalent antiβ2GPI IgG 
mediate LA activity by inducing formation of multiple complexes of 
β2GPI on PL surfaces thanks to their bivalent property, thus hindering 
the lateral mobility and activation of clotting factors. Antibodies able to 
induce LA phenomenon are more often of IgG isotype and at high titers: 
the concentration of purified polyclonal or monoclonal antibodies 
required for LA activity is orders of magnitude greater than the con
centration required for detection in immunoassays [23]. Antibodies 
mediating LA can usually also be detected in antiβ2GPI assays and 
traditional aCL assays, the already mentioned triple aPL positivity. In 
addition, these antiβ2GPI antibodies mediating LA phenomenon are 
likely to target the main β2GPI epitopes located in D1 of the molecule 
[24]. Not surprisingly, LA has emerged as the strongest predictor of aPL- 
related events and positivity for both antiβ2GPI antibodies and aCL is far 
more predictive of clinical manifestations when the autoantibodies 
induce the in vitro elongation of clotting time [25,26]. 

Besides the assays used, sources of heterogeneity in LA testing relates 
to the activator employed and the PL class, concentration and confor
mation. Several other variables can affect the reliability of LA testing, 
such as ongoing anticoagulant treatment and concomitant infectious or 
inflammatory event, since increased C reactive protein (CRP) levels can 
result in false-positive LA due to interference of CRP with PL [19,27]. 

3. How to determine titers of antiphospholipid antibodies 

Levels of aCL and/or antiβ2GPI antibodies are determined based on a 
calibration curve, which should be performed in each run. Calibration 
curve should be rejected whenever not meeting the manufacturer's re
quirements or in case of correlation coefficient between test values and 
target values below 0.90 [28]. The dynamic range of the standard curve 
is the range of antigen concentrations that can be measured accurately 
by the assay. To be regarded as accurate, measurements within the dy
namic range should present low standard deviation between replicates 
of the standards and strong correlation between the antibody concen
tration and the detection signal. 

The biggest caveat in calibration is the lack of uniformity in reference 

material for assay calibration. For routine calibration procedures, 
manufacturers provide a variety of calibrators, not always traceable to a 
primary standard [28]. For aCL detection, polyclonal patient-derived 
calibrators, known as “Harris standards”, are available after develop
ment by Harris et al. in the 1980s [29]. The concentration of a dilution 
series of affinity-purified aCL was determined by ELISA and expressed in 
IgG phospholipid units (GPL) and IgM phospholipid units (MPL) for aCL 
IgG and IgM, respectively, where 1 unit corresponds to the binding ac
tivity of 1 μg/ml of affinity purified aCL. Additional sets of calibrators 
were prepared by matching with the original calibrators, available on 
the market as lyophilized product [27,30]. Monoclonal antibody stan
dards for aCL and antiβ2GPI IgG (HCAL) and IgM (EY2C9), also known 
as “Koike standards” or “Sapporo standards” were developed [31]. 
Monoclonals offer the advantage of higher reproducibility between 
batches and theoretical infinite production capacity, although not 
reflecting the polyclonality of circulating aPL in APS patients [32]. aCL 
results can only be reported in GPL/MPL units if validated against the 
original Harris standards; the conversion of the concentrations of 
monoclonal antibodies in GPL/MPL units is possible for aCL, although 
not always performed [32]. No international unit is available for anti
β2GPI testing and results can be expressed in a wide range of units: IU/ 
mL, U/mL, SGU, SMU, g/mL, G units, M units, GAU/mL, and MAU/mL, 
depending on the manufacturer [32]. 

With regards to results interpretation of LA, current guidelines by the 
the International Society on Thrombosis and Haemostasis (ISTH) 
recommend converting screen and confirm clotting times to ratios via 
pooled normal plasma (PNP) values, in order to reduce the variability 
due to the operator and/or analyser performance, reagent quality and 
stability issues, and variation in PNP clotting time with different re
agents [30]. The ratio is compared to a reference interval (RI) that 
should be generated locally and derived specifically to the reagent- 
analyser pairings. Conversely, guidelines issued in 2014 by the Clin
ical and Laboratory Standards Institute (CLSI) suggest normalizing 
against the RI mean clotting time, since PNP may not generate the same 
clotting times with different reagents [33]. 

4. How to define medium/high titer values for antiphospholipid 
antibody positivity 

The setting of appropriate cut-off values to define medium/high ti
ters of aPL is a relevant step in the laboratory diagnosis of APS; the 
greatest effort relies in the identification of a laboratory cut-off that 
corresponds to a clinically relevant threshold. Current APS classification 
criteria consider detection of aCL IgG or IgM to be clinically significant if 
moderate to high titer, measured with a standardised ELISA. The 99th 
percentile of the distribution of autoantibody titers in a cohort of healthy 
individuals is currently the most accepted approach to identify threshold 
values for solid-phase assays [1,27], but aCL moderate to high titers can 
also be defined as >40 GPL or MPL [1]. Notably the 99th percentile for 
aCL can be strikingly different from 40 GPL/MPL [34,35]; the wide 
inter-assay variability impacts the identification of a numeric threshold 
for classifying solid-phase aPL titers as “moderate to high”. Consistently, 
the ISTH-SSC does not adopt 40 GPL/MPL as a cut-off but recommends 
solely to calculate a laboratory-specific cut-off value for medium/high 
titer positivity based on a non-parametric 99th percentile of at least 120 
reference individuals [28]. Categorization of aCL titers as “negative” 
(lower than cut-off), “low” (between cut-off and 40 GPL/MPL), “me
dium/moderate” (between cut-off and 40 GPL/MPL), and “high” (above 
80 GPL/MPL) has been suggested, but is currently not recommended 
[28,36]. 

The available guidelines are not homogenous in the identification of 
cut-offs for LA. Guidelines issued in 2020 by the ISTH recommend cut- 
offs derived from the 99th percentile, which equates to the RI mean 
+ 2.3 standard deviations (SD) for normally distributed data [19]. 
Guidelines issued in 2012 by the British Committee for Standards in 
Haematology (BCSH) suggest deriving the cut-off from the RI mean plus 

Table 3 
Rates of seroconversion of antiβ2 glycoprotein I antibodies in available studies.  

Author, year 
[REF] 

Follow- 
up 

N of 
patients 

Study cohort 
composition 

Rate of 
seroconversion* 

Amory, 2016 
[16] 

24 
months 

147 Anti-β2GPI + 16.3% 

Yelnik, 2017 
[8] 

13 years 39 Anti-β2GPI + 23% 

Frodlund, 
2021 [17] 

36 
months 

50 Recent-onset 
SLE 

8% 

Chighizola, 
2023 [4] 

4 years 170 aPL+ Antiβ2GPI IgG: 
7.1% 
Positive ➔ 
negative: 6.5% 
Negative ➔ 
positive: 0.6% 

N: number; aPL: antiphospholipid antibodies; SLE: systemic lupus erythemato
sus; antiβ2GPI: antiβ2 glycoprotein I antibodies. 

* If not otherwise detailed, the rate of seroconversion refers to aPL-positive 
patients turning negative. 
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2SD, corresponding to the 97.5th percentile [37]. To accurately identify 
an adequate cut-off, the cohort of healthy individuals should be of 
appropriate size: the ISTH guidelines recommend a minimum of 40 
healthy individuals, but other authors recommend a sample of at least 
120 subjects [19,38]. 

5. The rates of antiphospholipid antibody seroconversion 

Although limited and highly heterogeneous, available data allows 
extrapolating some considerations on seroconversion from positive to 
negative aPL status. First, there is unanimous consensus that patients 
with single aPL positivity are more prone to experiencing aPL negativ
ization, as opposed to triple positive individuals [7–11,37–39]. When 
aCL or antiβ2GPI are positive at low titers, tests are also more likely to 
become negative in subsequent assays [7,9,40,41]. Furthermore, sero
conversion is more likely seen in asymptomatic aPL carriers than in 
patients with full-blown APS [7,9,40,41]. 

Some studies have shown that the percentage of aPL positivity during 
follow-up, estimating that such seroconversion occurs in around 
8.9–59% of patients with positive aPL over time (Table 1). The broad 
heterogeneity in the rates of aPL negativization reported across the 
literature could be ascribed to many variables such as the definition of 
seroconversion, the employed assays to detect circulating aPL, the initial 
aPL titers, the composition of the study cohort, the concurrent treatment 
(s), the study design and –most importantly- the length of follow-up. 
Interestingly, the rate of seroconversion appears to be higher for aCL 
(16.4–58%, Table 2) as compared to antiβ2GPI antibodies (7.1–23%, 
Table 3). Very few studies have addressed the stability of LA. Among 98 
aPL carriers (59 with baseline positive LA) a repeat LA assay turned out 
negative in 22% of cases [8]. In a cohort of 53 patients, fluctuating LA 
was observed in 17 cases (32%) [13]. A study from APS ACTION on 472 
aPL-positive subjects (35% with another associated systemic autoim
mune disease, 258 subjects with previous vascular events and 136 
women with pregnancy morbidity) defined aPL stability as the detection 
of positive LA and/or aCL and/or antiβ2GPI IgG/IgM ≥40 U in at least 
two thirds of follow-up measurements. In this work, the authors re
ported a stable aPL profile in 78% of patients over a median of 5.1 years 
of yearly follow-up samples [41]. To note, an isolated LA positivity 
increased the odds of an unstable aPL profile over time (odds ratio 3.3) 
[41]. 

6. The fluctuation of antiphospholipid antibody titers 

The clarification of how frequently aPL positive individuals become 
negative during the follow up could have relevant implications on 
clinical management; however, it would be desirable for research pur
poses to get beyond the mere evaluation of the rate of aPL tests 
becoming negative. 

In 2005, Erkan et al. evaluated the stability of aPL profile in a cohort 
of 204 aPL-positive subjects (81 with well-characterized APS). aCL and 
antiβ2GPI results were sub-classified into 4 categories: 0–19 U (nega
tive), 20–39 U (low positive), 40–80 U (moderate positive) and > 80 U 
(high positive); results were defined as stable when remained in the 
same category of positivity. A stable aPL profile was reported in 87% of 
initially positive LA and 88% of those initially negative or low positive 
for aCL and in 75% of those with moderate-high positive aCL. For 
antiβ2GPI testing, results remained in the same category of positivity in 
96% of cases when initially negative or low positivity and in 76% in case 
of moderate-high positivity [42]. 

More recently, APS ACTION assessed the longitudinal fluctuation of 
aPL titers yearly in 4 consecutive samples, each from 230 patients 
persistently positive for aPL. aPL were tested in APS ACTION core lab
oratories by chemiluminescence. Titers of antiβ2GPI and aCL IgG 
decreased progressively every year (median (interquartile range [IQR]) 
antiβ2GPI IgG titers [CU] in 170 patients with at least one positive 
antiβ2GPI IgG test over follow-up 702.7 [108.5–2255] at year (Y) 1, 

573.2 [72.2–1860] at Y2, 501.8 [59.7–2445] at Y3, 415.9 [696–2628] at 
Y4, p: 0.010, Friedman statistic: 11.32); median [IQR] aCL IgG titers 
[CU] in 151 patients with at least one positive aCL IgG test over follow- 
up 247.6 [71.1–885.9] at Y1, 220.0 [62.1–825.9] at Y2, 156.5 
[47.0–783.3] at Y3, 139.0 [42.1–763.3] at Y4, p < 0.0001, Friedman 
statistic: 34.64). The same decreasing trend could be reported for anti
β2GPI and aCL of IgM isotypes, but without a yearly progressive 
decrement. For aCL and antiβ2GPI IgG/IgM tests, antibody titers were 
significantly lower in the latest evaluation compared to baseline (me
dian [IQR] antiβ2GPI IgM titers [CU] in 73 patients with at least one 
antiβ2GPI IgM test over follow-up 50.3 (25.5–185.3) at Y1, 41.8 
(17.5–145.7) at Y2, 43.3 (16.6–132.1) at Y3, 42.3 (11.8–131.4) at Y4; p 
< 0.0001, Friedman statistic: 29.2); median [IQR] aCL IgM titers [CU] in 
83 patients with at least one positive aCL IgM test over follow-up 56.1 
[26.4–118.4] at Y1, 64.3 [26.8–121.7] at Y2, 50.5 (21.7–105.7) at Y3, 
49.1 [21.2–147.5] at Y4; p: 0.0039, Friedman statistic: 13.4) [4]. 

7. The rates of antiphospholipid antibody seroconversion and 
fluctuation in systemic lupus erythematosus 

Patients with SLE usually carry lower aPL titers compared to those 
with primary APS (PAPS) [4]. When a large sample size and longitudinal 
design were adopted, it has been shown that aPL typically fluctuate in 
SLE. Among lupus patients the aPL status tend to convert back and forth 
from positive to negative [43]. To capture this phenomenon, the number 
of LA positive tests during follow-up has been evaluated in one purely 
SLE cohort of 758 patients over 16 follow-up visits (quarterly for 4 
years). To note, LA tested by diluted Russell viper venom time (dRVVT) 
was positive on 25% or less of the tests performed [43]. Smaller studies 
with shorter follow-up have observed seroconversion occurring among 
lupus patients at similar rates than those registered in PAPS subjects, 
ranging between 8 and 58% (Tables 1, 2 and 3) [11,13,12,15,17]. 
Despite the fluctuating pattern of antibody positivity, SLE patients that 
are aPL-negative at onset rarely develop aPL during follow-up [12,17]. 
Of note, in SLE patients, persistency of aPL positivity is shown to be 
more common among those who received an APS diagnosis prior to 
lupus onset [40]. 

It has been shown that antibody titers tend to decrease over time 
even among SLE patients. Out et al. evaluated aCL in 53 lupus patients 
during a 4-year timeframe, identifying 3 aCL categories (negative, low 
positive, high positive). A shift in these categories from baseline to latest 
follow-up was observed in 53% of patients for IgM and 60% for IgG [12]. 
In a cohort of 50 lupus patients, Frodlund et al. reported that the median 
levels of aCL and antiβ2GPI IgG and IgM antibodies decreased from 
inclusion to 36-month follow-up, although not significantly. A trend 
towards statistical significance was observed for antiβ2GPI IgG only 
[17]. 

An association between aPL titers and lupus disease activity had been 
proposed in the 80s, but this should be simply regarded as an intriguing 
hypothesis since there has been limited subsequent data to support it 
[13,44–48]. Besides the potential association with disease activity, aPL 
fluctuation in SLE might mirror the fluctuation of levels of total IgG and 
IgM and other autoantibody titers. 

8. Titers of non-criteria aPL tests 

Very few data are available on the longitudinal behaviour of non- 
criteria aPL tests. In the recent work by APS ACTION, antiD1 IgG were 
tested by chemiluminescence every year over 4 years in 135 individuals 
with at least one positive antiD1 test. AntiD1 seroconversion was re
ported in 19.3% of patients. More frequently, antiD1 results switched 
from positive to negative (20 individuals, 14.8%) and less often from 
negative to positive (6 individuals, 4.4%) [4]. AntiD1 antibody titers 
varied over time (median [IQR] anti-D1 IgG titers [CU] in 135 patients 
with at least one positive anti-D1 IgG test over follow-up 165.7 
[56.9–680.9] at Y1, 140.0 [38.3–530.0] at Y2, 102.6 [30.60–512.1] at 

C.B. Chighizola et al.                                                                                                                                                                                                                           



Autoimmunity Reviews 23 (2024) 103510

6

Y3, 95.9 (28.60–468.8) at Y4, p < 0.0001, Friedman statistic: 508.5), 
significantly decreasing in 79% and increasing in 19% of samples. When 
antiD1 antibody titers were categorized into quartiles, throughout 
follow-up 46.7% of subjects remained at the same antD1 titer category, 
while 53.3% shifted titer categories, a change that was persistent in most 
cases. Shift in titer categories occurred less frequently in patients with 
previous thrombosis compared to subjects without a history of vascular 
events (5.9% versus 21.9%). In a multivariable mixed linear model 
adjusted for age and gender, antiD1 antibody titers decreased most 
markedly in the first year of monitoring (21% decrease, − 1.3-fold). At 
year 4, adjusted antiD1 antibody titers were 1.5-fold lower compared to 
baseline (32% decrease) [4]. 

In the APS ACTION study, non-criteria antiβ2GPI and aCL IgA were 
found positive in 33% and 40.9% of patients, respectively. Antiβ2GPI 
IgA titers decreased at year 2 compared to baseline, to increase pro
gressively at year 3 and 4 (median [IQR] antiβ2GPI IgA titers [CU] in 85 
patients with at least one positive antiβ2GPI IgA test over follow-up 40.5 
[24.0–95.0] at Y1, 35.7 [20.9–90.8] at Y2, 38.5 [18.3–95.6] at Y3, 39.9 
[18.0–95.6] at Y4; p: 0.0074, Friedman statistic: 12.0). Titers of aCL IgA 
were higher at year 2 compared to baseline. At year 3, titers were lower 
but increased again at year 4 [4]. aPL of IgA isotype were also evaluated 
in a cohort of 50 lupus patients, observing a persistent positive result at 3 
years in 25% for aCL and 71.4% for antiβ2GPI. The same pattern of 
fluctuation and negativization of non-criteria aPL was observed for an
tibodies against phosphatidylserine (antiPS) [17]. 

In a follow-up analysis of the WARSS-APASS study conducted in 
patients with stroke, stored sera with baseline antiPS positivity were 
retested for antiPS IgG/IgM. Of 115 patients initially positive for antiPS, 
17.4% turned negative at 24-month follow-up [16]. 

9. Hydroxychloroquine and antiphospholipid antibody titers 

It is well recognized that hydroxychloroquine (HCQ) exerts immu
nomodulatory effects: it alters antigen processing in vitro, by increasing 
the pH of intracellular vacuoles, resulting in dissociation of the invariant 
chain from the class II major histocompatibility complex and inhibition 
of antigen binding [49,50]. In 2005, Erkan et al. did not find any dif
ference in HCQ prescription upon the stability of aPL profile in a cohort 
of 204 aPL positive subjects, including 81 patients with definite APS 
[42]. Conversely, more recent studies consistently suggest that HCQ 
treatment is associated with a decrease of aPL titers both in PAPS and 
SLE patients. In a retrospective cohort of 114 APS patients, Nuri et al. 
reported a significant reduction of aCL IgG and antiβ2GPI IgG/IgM titers 
in HCQ-exposed patients [47]. In a randomized prospective study, 
including 50 APS patients, long-term HCQ use was associated with a 
decrease of antiβ2GPI IgG and IgM titers [51]. In the recent APS ACTION 
study, ongoing HCQ treatment emerged as the only variable to signifi
cantly affect the fluctuation of both antiβ2GPI and antiD1 IgG antibody 
titers. Patients treated with HCQ at the time of blood sampling presented 
antiβ2GPI and antiD1 titers that were respectively 29% and 21% lower 
than those not on HCQ [4]. 

Less data are available in purely SLE cohorts of aPL-positive subjects. 
In a small case series of 12 SLE patients with aPL, individuals on HCQ 
presented lower levels of both aCL and antiβ2GPI antibodies when 
compared to those not receiving HCQ [52]. Similarly, Broder et al. 
observed lower odds of persistent LA, aCL and antiβ2GPI IgG/IgM pos
itivity among 90 aPL positive lupus patients on HCQ even after adjusting 
for age, ethnicity and gender [53]. 

10. Immunosuppressive agents and antiphospholipid antibody 
titers 

Due to their beneficial effects, immunosuppressants are employed to 
manage severe aPL-related manifestations, such as severe thrombocy
topenia, kidney glomerulopathies, livedoid vasculopathy and chorea, 
among others. Immunosuppressants remain the therapeutic cornerstone 

in several rheumatic conditions in which positive aPL can be found. 
Thus, data about the effects of immunosuppressants on aPL titers can be 
extrapolated mainly from studies recruiting patients with secondary 
APS. Available studies grouped immunosuppressants as a single variable 
rather than considering them singularly. Evidence from studies 
recruiting exclusively lupus patients concordantly suggests that con
current treatment with immunosuppressive agents does not affect aPL 
antibody titers [11,12,48], with only a single study identifying immu
nosuppressive therapy as an independent predictor of aPL negativiza
tion in SLE [53]. In the APS ACTION cohort of 230 aPL positive subjects, 
immunosuppressants did not exert any significant effect on antiβ2GPI 
and antiD1 antibody titers at any time point [4]. 

11. Glucocorticoids and antiphospholipid antibody titers 

Glucocorticoids are powerful, broad-spectrum anti-inflammatory 
agents, whose exact pharmacological effects have yet to be dissected in 
terms of cellular mediators [54]. The use of high chronic dose of glu
cocorticoids in rheumatology is declining due to the many side-effects 
and the availability of drugs with better safety profile; this might ac
count for the scarce and dated evidence about their potential effects on 
aPL titers. The single available study dates to 1992, when Derksen et al. 
assessed aPL fluctuation in 53 SLE patients. The authors reported an 
association between glucocorticoids treatment and fluctuating LA, most 
markedly when detected by the kaolin clotting time (KCT), in 4 patients. 
LA activity was reduced in all patients, disappearing in 2 [12]. 

12. Rituximab and antiphospholipid antibody titers 

Rituximab is a chimeric monoclonal antibody which targets CD20, a 
surface protein expressed in the cytoplasmic membrane of B cells. B 
lymphocytes contribute to APS aetiopathogenesis not only by producing 
antibodies but also by acting as antigen presenting cells, regulating T 
helper cells, and releasing pro-inflammatory cytokines [6]. 

Loss of aPL and decreasing antibody titers have been both described 
after rituximab therapy, initially in few case reports [55–59]. Effects of 
rituximab on aPL titers have been assessed in heterogeneous populations 
of PAPS patients with contradictory results. In a cohort of 19 aPL posi
tive patients receiving rituximab due to non-criteria APS manifestations, 
Erkan et al. observed that initial positivity for criteria aPL tests was 
invariably confirmed at 12 months after rituximab [60]. Berman treated 
90 patients with catastrophic APS with rituximab, reporting a negativ
ization of aPL tests (LA, aCL and antiβ2GPI IgG/IgM) in 50% of cases 
[61]. You et al. prescribed rituximab to 6 individuals with thrombotic 
APS, showing a significant decrease of aCL IgG but not of antiβ2GPI IgG/ 
IgM titers [62] while Agmon-Levin et al. used rituximab in 23 subjects 
with refractory APS and documented a significant decrease of titers of 
aCL and/or antiβ2GPI IgG/IgM and LA ratios at 4–6 months only in the 
13 subjects with complete response to rituximab [63]. The sub-optimal 
response to rituximab registered in these studies might be explained by 
the fact the stage of B cell differentiation with highest aPL production 
has not yet been identified. 

13. Belimumab and antiphospholipid antibody titers 

Belimumab is a fully human monoclonal antibody that specifically 
recognizes and inhibits the biological activity of B-lymphocyte stimu
lator (BLyS), also known as B cell activating factor (BAFF). Initial pre- 
clinical studies in NZW x BXSB mice showed that treatment with IgG 
against BAFF receptor did not impact the development of aCL even 
though it prevented aPL-related thrombotic vasculopathy prolonging 
survival [64]. 

Clinically, the use of belimumab in PAPS is limited to anecdotic cases 
[65,66], and results from the ongoing clinical trial BLAST (BeLimumab 
Antiphospholipid Syndrome Trial) are still awaited. Currently, the evi
dence on the potential effects of belimumab on aPL titers is available 
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exclusively from aPL-positive lupus patients. Most information comes 
from post-hoc analyses on data from randomized placebo-controlled 
trials, altogether pointing towards a net beneficial effect on antibody 
reduction even though with some discrepancies [67–69]. Real-world 
experience supports a progressive reduction of aPL titers during beli
mumab treatment, documenting a reduction of aCL (mainly IgG) and 
antiβ2GPI antibodies in 3 small case series [52,70,71]. The decrease of 
aPL titers seems to persist even when belimumab treatment is pursued at 
long-term. Indeed, aCL IgG titers decreased in an open-label continua
tion of a phase II study including 296 lupus patients through 7 years of 
belimumab treatment [72]. 

14. Combination therapy and antiphospholipid antibody titers 

As per the data presented above, one could hypothesise that a poly- 
pharmacological approach could amplify the effects on aPL titer 
reduction. Unfortunately, current evidence is too limited to draw any 
definite conclusion. Data from a small case series of 12 SLE patients 
shows that the decrease in aPL titers following belimumab treatment 
was independent of HCQ [52], while the post-hoc analysis on data from 
BLISS-SC trial revealed an additive synergistic effect for these two 
pharmacological agents especially in case of longstanding treatment 
with antimalarials [69]. In the APS ACTION 2023 study, no significant 
interaction between HCQ and immunosuppressants emerged, but this 
could be due to the lower numbers of patients on immunosuppressants 
in the cohort [4]. 

15. Thrombotic events and antiphospholipid antibody titers 

There is general agreement that patients with vascular thrombosis 
present with higher aPL titers at initial evaluation compared to those 
without any thrombosis [4]. Towards the end of the 90s, a group from 
Mexico described a decrease in aCL and antiβ2GPI antibody titers in 24 
lupus patients who experienced a thrombovascular accident [73–75]. In 
the same study, antiβ2GPI antibodies became negative in 3 out of 24 
patients (12.5%) [73]. A much higher rate of aPL negativization over 
follow-up after thrombosis was noted in the Hopkins Lupus cohort. 
Among 35 SLE subjects who had experienced a vascular event, a com
plete loss of positivity was shown to occur in 94% for aCL IgG, 94% for 
aCL IgM, 75% for aCL IgA and 86% for LA [76]. Within 5 years after the 
thrombotic event, 60% of initially aCL IgG-positive patients and 76% of 
those with a positive LA reacquired positivity [76]. It is well known that 
increased factor VIII levels at the time of thrombosis can lead to false- 
negative LA assessment in activated partial thromboplastin time 
(aPTT)-based LA but not those dRVVT-based [19]. Similar concerns 
apply to LA tested in case of surgery, inflammation, malignancy, and 
other conditions characterized by increased levels of factor VIII [77]. 

The behaviour of the titers of antibodies against D1 fine specificity 
and β2GPI whole molecule in case of vascular events has been recently 
explored in the APS ACTION cohort by the means of a case-crossover 
design. In subjects with incident thrombosis, both antiD1 and anti
β2GPI IgG antibody titers were significantly lower at the time of the 
vascular event with a subsequent increase thereafter [4]. A 1.6-fold 
decrease in antiD1 titers and a 2-fold decrease in antiβ2GPI titers 
conferred an odds ratio for incident thrombosis of 6.0 and 9.4, respec
tively [4]. 

In a cohort of 7 SLE subjects with thrombotic/neurological events, 
Inanc et al. reported a decrease of antiβ2GPI IgG titers in a single patient 
and aCL IgG in 5 and aCL IgM in 4 individuals, as compared to titers 
registered before the vascular event [48]. 

16. The fluctuation of antiphospholipid antibody titers during 
pregnancy 

Several physiologic modifications occur during human gestation; in 
particular, the increased intravascular volume leads to hemodilution, 

which ultimately results in a lower plasma concentration of proteins, 
including antibodies. Almost all studies assessing the fluctuation of aPL 
in pregnant patients are concordant in confirming a change as the 
pregnancy progresses, although there is no consensus on the entity of 
such fluctuation. Unfortunately, most of these studies are flawed by 
important limitations, such as the small sample size, assaying one or two 
aPL tests and inclusion of patients with low titer aPL. Lynch et al. 
described wide fluctuations in aCL levels over 5 longitudinal testings, 
and the within subject variability was as high as 88–91% among 23 
women with at least one positive aCL IgG test and 34 with at least one 
positive aCL IgM test [78]. This variability is mirrored in the high 
seroconversion rate registered in pregnant women: Donohoe et al. re
ported results turning negative in 54.5% of cases for LA, 42.8% for aCL 
IgG and 57% for aCL IgM, 60% for antiPT, 33.3% for antiβ2GPI IgM 
while seroconversion did not occur in case of antiβ2GPI IgG positivity. 
The study cohort was composed by 17 women with APS in which, before 
pregnancy, aCL IgG tested positive in 14 cases, IgM in 9; anti-β2GPI IgG 
were positive in 3 patients, IgM in 6; LA was positive in 11 patients; 
antiPT IgG tested positive in 5 patients, IgM were positive in 10 [79]. 
Salazar-Palamo et al. reported aPL seroconversion in 60% of 15 women 
with obstetric APS; aCL IgM remained stable during gestation while IgG 
aCL significantly decreased in the third trimester [80]. Topping et al. 
observed highest aCL IgG titers and dRVVT results in the first trimester 
in 32 pregnant women with APS [81]. In a group of 75 healthy pregnant 
women, levels of aCL and antiβ2GPI IgM and aCL IgG were higher after 
delivery as compared to gestation course, while antiβ2GPI IgG had an 
opposite fluctuation pattern [82]. The most solid data come from the 
prospective multicentre PROMISSE cohort, which recruited 152 preg
nant aPL-positive women in the late first or early second trimester [83]. 
Approximately one quarter of LA-positive patients became negative in 
the second or third trimesters, to then return to baseline status three 
months after delivery. Among patients testing positive, aCL and anti
β2GPI IgG results remained in the positive range through pregnancy in 
93% and 85% of patients, respectively. Even though aCL and antiβ2GPI 
decreased throughout pregnancy, aPL IgG levels were lower during the 
second and third trimesters compared to screening (before 18 gesta
tional week) but with a small magnitude of change. Patients with high 
aPL titers in the beginning of pregnancy presented low fluctuation 
during the whole pregnancy: IgG titers remained in the high-positive 
range (≥ 40 GPL units) and, by three months post-partum, aCL and 
antiβ2GPI IgG titers returned to baseline levels [83]. 

More recently, aPL titers have been longitudinally tested in 56 
pregnant women with systemic autoimmune rheumatic conditions (19 
APS, 7 aPL carriers, 8 aPL negative SLE, 10 connective tissue diseases 
other than SLE, 12 inflammatory arthritis). Titers of aCL and antiβ2GPI 
IgA and IgM and antiPS/PT IgG were shown to decrease in the second 
trimester of pregnancy to rise again in the third trimester and post- 
partum, with a pattern similar to albumin and serum Immunoglobu
lins. Conversely, aCL, antiβ2GPI and antiD1 IgG increased throughout 
gestation [84]. 

Consistently with the above-discussed burden of evidence, the 
updated ISTH guidelines concluded that aPL during pregnancy should 
be interpreted with caution. In particular, LA testing could generate false 
negative results due to increased levels of factor VIII [19,7], even though 
might be reliable if assessed in the first trimester of gestation. 
Pregnancy-induced increase in blood coagulation factors has been re
ported to resolve by 6 weeks postpartum, and LA results usually returns 
to baseline status by 3 months post-partum [85]. 

17. Obstetric complications and antiphospholipid antibody 
titers 

Literature is highly inconsistent about the potential clinical rele
vance of changes in aPL titers in relation to obstetric outcome. In a 
pioneer study observing 7 pregnant women treated with low dose ace
tylsalicylic acid, aCL IgG –but not IgM- were observed to decrement 
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abruptly in patients with pregnancy morbidity while women with suc
cessful obstetric outcome presented a gradual decrease or stable levels of 
aCL titers [86]. Conversely, Lynch et al. described no relationship be
tween fluctuating aCL levels and pregnancy complications in women 
with at least one positive aCL IgG/IgM test [78]. Accordingly, Donohoe 
et al. recruited 17 APS women and tested aPL on a median of 5 longi
tudinal samples per patient from antenatal visit throughout pregnancy. 
All patients received standard care with low molecular weight heparin 
and low dose acetil salicylic acid. The authors concluded for the lack of 
association between antibody fluctuation pattern and obstetric outcome 
[79]. Opposite findings emerged in a larger study on 123 women with 
recurrent abortions, since aCL and antiPS antibodies dramatically 
increased in women who miscarried the index pregnancy while 
remained stable or decreased in those who delivered a live infant [87]. 
Few years later, Topping et al. observed stable aPL levels in 4 out 12 APS 
women who miscarried, whereas in 8 out of the 12 women with un
complicated pregnancies, aPL had become negative by the second 
trimester [81]. Consistent results were raised by Mexican authors, who 
observed that disappearance of aCL was associated with improved fetal 
survival in a cohort of 15 women with secondary APS, conveying a 
relative risk of 0.67 [80]. 

18. Evaluating antiphospholipid antibody fluctuation over time: 
technical considerations 

As outlined above, testing for aPL is highly influenced by the 
methodology employed to perform the tests. The intra-assay and inter- 
assay variability translates into a poor reproducibility among different 
laboratories, accounting for the importance of longitudinally testing aPL 
by the same solid phase platform in the same laboratory as platforms 
cannot be used interchangeably. The wide heterogeneity in assay tech
niques, reagents, and calibrators results in a high inter-assay variability 
when looking at the quantitative (antibody titer) interpretation of aCL 
and antiβ2GPI results and, to a lower extent, to qualitative (positive/ 
negative) interpretation [20]. Some authors have suggested a return to 
early days in APS when aCL and antiβ2GPI assays were expressed semi- 
quantitatively [77]. Adopting a semiquantitative report of aCL and 
antiβ2GPI tests (i.e., negative/low positivity/moderate positivity/high 
positivity) instead of a quantitative numerical value would lead to a 
homogeneous interpretation of results across laboratories, allowing 
higher reproducibility. Surely reporting quantitative antibody levels 
offers prognostic details about both vascular and obstetric risk that 
would be otherwise missed. 

In addition, studies that evaluate the longitudinal fluctuation of 
antibody levels should account for the phenomenon named regression to 
the mean, which consists in the tendency of high values to be lower on 
re-measurement in the absence of any intervention. Besides being 
partially ascribed to random measurement error, regression to the mean 
implies that variability narrows around the true mean over the course of 
many repeated observations. Thus, regression to the mean might 
potentially lead to inaccurate conclusions that the intervention resulted 
in a treatment effect [88]. To carefully account for the regression to the 
mean, future studies should optimize the design to envisage control 
groups and observations taken from time points in which no in
terventions were implemented, since different groups should be equally 
affected by the phenomenon [88]. 

19. Current understanding informs future perspectives 

The debate in the scientific community about the significance of aPL 
titers is still vibrant. Some authors claim that the longitudinal evaluation 
of aPL titers is a mere exercise in style, while preliminary evidence 
suggests that aPL titers offer a prognostic value and should influence 
therapeutic management during follow-up. 

Surely, in such a debate, laying the first stone would require the 
identification of the optimal time frame to retest aPL to appreciate a 

clinically meaningful fluctuation. 
Nevertheless, the main issue relates to reaching consensus about a 

standardised definition of a clinical significant change in aPL titers. The 
entity of such relevant change might depend on the methodology 
exploited to test aPL, thus arduous work should be devoted to clarifying 
this issue. In addition, there is no standardised definition of serocon
version that is, in fact, very heterogeneous across literature. In a recent 
survey by the Italian Society of Rheumatology, APS experts could not 
reach a consensus on how to define aPL seroconversion, even though 
most of the experts in the panel agreed to refer to aPL negativization in 
case of at least two negative determinations 1 year apart [89]. Beyond 
the heterogeneity seen in available studies with the limitation of short- 
term follow-up, data from the literature suggest that aPL become 
negative in between 8.9% and 59% of aPL-positive patients, with esti
mates being higher in case of single aPL positivity, IgM isotype or low 
antibody titers. Even the specificities of each study cohort might impact 
the negative seroconversion rate: figures are highest among aPL positive 
women attending a rheumatology/obstetric joint clinic and followed up 
for 114 months [39]. Conversely, a concomitant diagnosis of systemic 
autoimmune condition, mainly SLE, does not impact the proportion of 
aPL becoming negative [11,13,15,12]. 

Efforts should be concentrated towards a standardised definition of 
seroconversion. Once consensus is reached, the key issue would be to 
clarify the clinical impact of loss of aPL positivity on future prognosis: i) 
are patients whose aPL have all turned negative still at risk of throm
bosis? ii) do these individuals still require life-long anticoagulation? 
Indeed, according to international recommendations, anticoagulation 
could be discontinued in case of provoked thrombotic event whenever 
the underlying risk factors have resolved [90]. 

To tentatively answer the above questions, data could be extrapo
lated from studies, almost invariably with a limited sample size and 
follow-up time, but all assessing the rate of thrombosis after the 
discontinuation of anticoagulation when aPL become persistently 
negative. Some authors record no new thrombotic events after stopping 
anticoagulation [40,91], while other groups observed a higher incidence 
of thrombosis [9,92]. In a cohort of 105 women with positive aPL (49 
with PAPS, 42 aPL carriers and 14 aPL-positive SLE; 16 on concomitant 
HCQ), low dose acetytilsalicylic acid was discontinued in 62 subjects 
whose aPL become negative without recording any clinical event at a 
median follow-up time of 40.95 months (range 9–135) [39]. 

To date, few studies have assessed the longitudinal fluctuation of aPL 
titers, reporting a progressive decrement of titers over time for anti
β2GPI and aCL of the IgG isotype [4]. Once ascertained this decre
menting behaviour, it would be pivotal to identify clinical variables that 
might promote such a reduction. Indeed, drugs acting on the immune 
system might potentially trigger a reduction in immunoglobulin levels, 
comprising aPL. Unfortunately, any study has evaluated the effects of a 
given drug on aPL as compared to total immunoglobulin levels. Never
theless, most evidence points towards the benefit of using HCQ. After an 
early report suggesting an inconclusive effect for HCQ, all the recent 
studies are concordant in identifying HCQ as the most effective phar
macological tool to reduce aPL titers to date [4,51–53,93]. When ana
lysing these studies, it should also be considered that patients with 
chronic diseases tend to be poorly compliant with treatment, including 
the generally well-tolerated HCQ. Studies using high-performance liquid 
chromatography tandem mass spectrometry in serum samples of pa
tients with lupus demonstrated that 16% of them were severely non- 
compliant with HCQ [94]. 

Again, the most relevant issue from a clinical perspective still re
mains to be clarified: does this reduction of aPL titers translate into a 
thromboprotective effect for HCQ? In a recent APS ACTION study, 
thrombotic events occurred even in patients on HCQ, only these subjects 
had lower aPL titers compared to those with incident vascular throm
bosis not receiving HCQ [4]. Nevertheless, evidence about the throm
boprotective role of HCQ is progressively accumulating. It was 1987 
when, in a letter published in Arthritis & Rheumatism, Wallace 
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described for the first time an inverse relationship between thrombo
embolic recurrence and HCQ in lupus patients [95]. Since then, much 
support to this observation has been raised in several SLE cohorts, 
irrespective of aPL positivity [96–104], even though not in all studies 
[105–107]. Fewer data about the thromboprotective effects of HCQ are 
available from patients without a concomitant systemic autoimmune 
condition. A cross-sectional study including 56 asymptomatic aPL car
riers suggested that HCQ might exert a protective role against throm
bosis [108]. Its efficacy in the secondary prevention of venous events has 
been documented in a small prospective study on 40 PAPS patients: 20 
treated with HCQ on top of vitamin K antagonists and 20 receiving only 
anticoagulants [109]. In a retrospective, propensity score-matched 
cohort study including patients with PAPS, HCQ with a mean expo
sure time of nearly 6 years appeared to reduce the annual incidences of 
recurrent thrombosis, even though not significantly, with a more 
prominent reduction of the rate of arterial events (0% versus 1.14%) 
[93]. More recently, a pilot open label randomized prospective study 
evaluated thrombosis prevention in 50 patients with PAPS allocated 1:1 
to HCQ plus standard care versus standard care alone, revealing a lower 
incidence rate of thrombosis in those on dual treatment [51]. The HI
BISCUS study, a multicentre study in patients with obstetric and 
thrombotic APS, might bring extra light on the role of HCQ for the 
secondary prevention of events [110]. 

Data from the literature show that aPL titers tend to decrease after a 
thrombotic event, as emerged in cohorts of both PAPS and secondary 
APS [4,48,73–76]. Unfortunately, mechanistic insights into such post- 
thrombosis reduction are lacking. One hypothesis is that antibodies 
are consumed in situ during the vascular event. While not confirmed, 
such hypothesis might urge us to reconsider the optimal timing for aPL 
testing in patients who had experienced vascular events: assaying aPL 
too early might carry a high rate of false negatives or transiently low aPL 
titers. 

20. Conclusions 

In summary, available evidence suggests that the positivity rates and 
titers of aPL can fluctuate over time. aPL seem to fluctuate during 
pregnancy but data are so conflicting that most experts responding to a 
survey by the ISTH recommended to confirm aPL positivity 6 weeks 
post-partum [19]. Though limited, available evidence also supports the 
notion that, in patients with PAPS, loss of aPL positivity might translate 
into a lower risk of thrombosis thus allowing to withdraw anti
coagulation. The scenario is drastically different in SLE: the fluctuating 
pattern back and forth between positive and negative aPL means that the 
clinician can never be secure in considering the aPL risk factor as 
resolved. This observation implies that the “anticoagulation forever” 
rule is most appropriately applied to lupus patients with thrombosis 
[76]. If the observation that aPL titers drop at the time of thrombosis 
might shed light into the mechanistic steps that drive aPL-mediated 
thrombosis, further studies are warranted to decipher the significance 
of aPL titer fluctuation from both clinical and pathogenic perspectives. 
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[7] Girón-González JA, García del Río E, Rodríguez C, Rodríguez-Martorell J, 
Serrano A. Antiphospholipid syndrome and asymptomatic carriers of 
antiphospholipid antibody: prospective analysis of 404 individuals. J Rheumatol 
2004;31(8):1560–7 [PMID: 15290736]. 

[8] Yelnik CM, Urbanski G, Drumez E, Sobanski V, Maillard H, Lanteri A, et al. 
Persistent triple antiphospholipid antibody positivity as a strong risk factor of 
first thrombosis, in a long-term follow-up study of patients without history of 
thrombosis or obstetrical morbidity. Lupus. 2017;26(2):163–9. https://doi.org/ 
10.1177/0961203316657433 [PMID: 27432808]. 

[9] Medina G, Briones-García E, Cruz-Domínguez MP, Flórez-Durante OI, Jara LJ. 
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