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ABSTRACT

The objective of this work was to conduct a
systematic literature review (SLR) and meta-
analysis (MA) to evaluate the relative risk (RR) of
venous thromboembolism (VTE) events,
including deep vein thrombosis (DVT) and
pulmonary embolism (PE), in patients with
systemic lupus erythematosus (SLE) compared
with patients without SLE, as well as the abso-
lute risk (AR) (measured by incidence propor-
tion) and incidence rate (IR) of VTE events in
patients with SLE. The SLR was conducted using
Embase, MEDLINE, and MEDLINE In-Process to
identify observational studies evaluating the
risk of VITE, DVT, and PE events in adult
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patients with SLE compared with the general
population, published January 2000 to
September 2020. Randome-effects models were
used as the primary approach in the MA.
Heterogeneity was assessed on the basis of the I?
value. Sensitivity analyses were performed to
assess the robustness of results to various con-
ditions, and subgroup analysis was performed
for the AR of VTE by antiphospholipid status
(aPLs) and antiphospholipid syndrome (APS).
Of the 50 publications included for data
extraction, 44 contained data for consideration
in the MA of any one of the measures of interest
(RR, AR, or IR) for VTE, DVT, or PE. The pooled
RR indicates statistically significantly higher
risk of VTE (RR 4.38, 95% confidence interval
2.63-7.29) in patients with SLE compared with
the general population. Considerable hetero-
geneity was present in nearly all MA
(I* = 75-100%). Moreover, a higher pooled AR
of VTE was estimated in patients with SLE with
aPLs (n/N =0.13) and APS (n/N = 0.63) com-
pared with patients with SLE without aPLs/APS
(n/N = 0.07). Overall, there was evidence of an
increased risk of VTE, DVT, and PE in patients
with SLE compared with the general
population.
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Key Summary Points

Patients with systemic lupus
erythematosus (SLE) have an increased
risk of cardiovascular complications,
including venous thromboembolism
(VTE) events.

Despite substantial heterogeneity across
studies, this meta-analysis showed
evidence of an increased risk of VTE,
including deep vein thrombosis (DVT)
and pulmonary embolism (PE), in patients
with SLE compared with the general
population.

A considerably higher incidence of VTE
events was also observed in the SLE
population than the general population
and patients with concomitant
antiphospholipid syndrome.

The absolute risk and incidence rate of
VTE events were also found to be higher in
younger (< 40 years) patients with SLE
versus those aged 41-64 years.

Future research is needed to inform on the
impact of traditional and SLE-specific risk
factors for VTE to further identify patients
with SLE at highest risk, allowing for
improved prevention and treatment
strategies.

INTRODUCTION

Systemic lupus erythematosus (SLE) is an
acquired [1], chronic, heterogeneous autoim-
mune inflammatory disease [2, 3]. Patients with
immune-mediated diseases, such as SLE, have
an increased risk of cardiovascular complica-
tions, including venous thromboembolism
(VTE) events [4]. Like other autoimmune dis-
eases, hypercoagulability and inflammation are
general features of SLE, and both factors are
responsible for inciting VTEs [5]. Mortality risk
in SLE is two to three times greater than the
general population [6] with a threefold increase

in risk [7] of cardiovascular death compared
with the general population. In a large cohort of
European patients followed during a 10-year
period, it was shown that 25% of deaths were
secondary to active disease or to thrombotic
events [1].

The presence of antiphospholipid antibodies
(aPLs) has been described in about 50% of
patients with SLE [8, 9], and has been widely
shown to be a significant and independent risk
factor for thrombotic events [1]. Independent of
aPLs, increased incidence of traditional cardio-
vascular and lupus-related thrombosis risk fac-
tors significantly increases the risk of premature
atherosclerosis and/or thrombosis in patients
with SLE [10].

While current evidence suggests that
patients with SLE have an increased risk of VTE
[4, 11], meta-analyses (MAs) that integrate evi-
dence across studies to estimate the pooled rel-
ative risk (RR) and absolute risk (AR) have not
been performed. The primary objective of this
work was to evaluate the RRs of VTE events,
including deep vein thrombosis (DVT) and
pulmonary embolism (PE), in patients with SLE
compared with patients without SLE (and no
other specific disease state), the general popu-
lation, or suitable proxies for general popula-
tion controls, as well as the AR (as measured by
incidence proportion) and incidence rate (IR) of
VTE events including DVT and PE in patients
with SLE. An additional systematic literature
review and meta-analysis was the focus of
another study, which explores aspects of car-
diovascular events in patients with SLE,
including acute coronary syndrome, relative to
the general population.

METHODS

Search Strategy and Eligibility Criteria

This systematic literature review (SLR) and MA
was performed according to the Cochrane
Handbook for Systematic Reviews of Interven-
tions [12], and followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis
guidelines [13]. Embase (using Elsevier Plat-
form), MEDLINE, and MEDLINE In-Process
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(using PubMed Platform including Daily
Update) were searched to identify all relevant,
English-only, full-text publications of observa-
tional studies (cohort, cross-sectional, and
case-control studies and analysis of hospital
records/database) that evaluated the RR, AR, or
IR of VTE, PE, or DVT in patients with SLE. SLE
diagnoses were established according to the
International Classification of Diseases (ICD-7,
ICD-8, ICD-9, or ICD-10) codes or American
College of Rheumatology criteria. The search
was limited to published manuscripts dated
between 1 January 2000 and 16 September
2020. Abstracts of unpublished studies were
excluded. Detailed lists of the search terms are
available in Supplementary Material (Tables S1a
and S1b). Reference lists of included articles
were also searched by hand for further studies of
interest.

Supplementary Material Tables S2a and S2b
list all the criteria used during the initial (screen
1) and full-text (screen 2) review process. In
short, studies were eligible for inclusion if they
were observational, included a cohort of adult
patients with SLE, and reported either an RR,
AR, or IR for the outcomes of interest (VTE,
DVT, or PE).

Data Extraction and Quality Assessment

Double screening was conducted (two reviewers
independently performed two-stage screening)
and achieved consensus. Data extraction and
quality assessment were quality checked by a
second researcher. Data extraction was verified
against the source document by a researcher not
involved with the extraction. Studies that met
eligibility criteria and reported original data
were included in the review. Data on study
characteristics and measures for outcomes of
interest (VTE, DVT, PE events) in patients with
SLE were extracted. Data on aPL status/an-
tiphospholipid syndrome (APS) presence were
also extracted as available and included as a
qualitative description in this review.

The Critical Appraisal Skills Programme
(CASP) [14] was used to assess the quality of
each observational study. Studies were classified
as low, unclear, medium, or high quality.

Several studies met the majority of CASP stan-
dards for high quality, although none uni-
formly met all criteria. Studies included in the
MA and their endpoint availability are pre-
sented in Supplementary Material Table S3.

STATISTICAL METHODS

MA for RR, AR (as measured by incidence pro-
portion), and IR were conducted for outcomes
of interest for which there were at least three
high-quality studies reporting wusable data.
Details for each of these risk measures are
described below, including the sensitivity anal-
yses. Heterogeneity for all MAs was assessed
using the Higgins’ [12] I* to estimate the per-
centage of variance and the P value of the chi-
squared test. All analyses were conducted in R
using the metafor package.

Meta-analysis Methods for Relative Effects

Comparative measures of risk for VIE, DVT, or
PE in patients with SLE versus patients without
SLE/the general population included hazard
ratios (HRs), IR ratios, or standardized IRs (SIRs).
These measures are henceforth referred to
broadly as RR and were pooled in the primary
MA owing to the paucity of studies available. A
leave-one-out sensitivity analysis was con-
ducted to assess the robustness of primary
results to any one study. Studies were included
in the RR analysis regardless of the length of
follow-up under the assumption of proportional
hazards over time. The restricted maximum
likelihood (REML) random-effects (RE) model
was used to calculate the pooled RR and 95%
confidence intervals (CIs) for all outcomes.
Fixed effects (FE) models were also fit for com-
pleteness. Owing to differences in factors
adjusted for across the studies, unadjusted
measures were used in preference to adjusted
measures where both were available.

Meta-analysis Methods for Proportions

The AR of VTE, DVT, or PE events within the
SLE population was measured by an incidence
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proportion and reported as a percentage [i.e.,
the number of VTE, DVT, or PE events within
the SLE population (n/N)]. The double-arcsine
transformation was used for the MA of AR.
Studies reporting AR of VTE, DVT, or PE events
were pooled via MA for the respective outcome
via the REML RE model. The exact binomial
approach was used for the reporting of CI of the
proportions. FE models were also fit for com-
pleteness. Scatter plots that were created con-
sidered the AR against the length of follow-up.
As no apparent effect of the AR by length of
follow-up was observed, sensitivity analyses
were not performed according to length of fol-
low-up. Two sensitivity analyses were per-
formed: (1) limiting analysis to only studies of
high quality and (2) grouping studies by defi-
nition of VTE, i.e., studies defining VTE as only
DVT or PE, those defining VIE more broadly,
and those that did not report VTE definition.
Finally, subgroup analyses looking at the AR of
VTE, DVT, and PE events in patients with SLE by
APS presence or aPLs were performed.

Meta-analysis Methods for Incidence Rates

IRs reported within individual studies were
shifted to be in consistent form of per 1000
patient years (PY). Where PY data were not
reported directly, estimates were calculated
using the mean length of follow-up. The Free-
man-Tukey double-arcsine transformation was
used to calculate the overall IR. Random-effects
models were fit using the REML option, and FE
estimates were used for completeness. Sensitiv-
ity analyses were conducted limiting to only
high-quality studies.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS

Study Selection Process

The initial search returned 1556 references.
After screening titles and abstracts, 187

publications were progressed to a full-text
review. Following the second round of screen-
ing, 50 articles met the predefined inclusion
criteria and were included in the SLR and MA
(Fig. 1). Of the 50 publications selected for data
extraction in the SLR, 44 contained data for one
or more endpoints for consideration in the MA.
Six of the 50 studies were excluded for a variety
of reasons, including populations that were
dissimilar from the general population of
patients with SLE, population/endpoint combi-
nation not of interest for MA of priority end-
points, and some endpoint data reported in a
format not suitable for MA. A list of excluded
studies and the reason for exclusion is outlined
in Supplementary Material Table S3. The MA
was conducted on the endpoints presented in
Supplementary Material Table S4 after con-
ducting a feasibility assessment of the data
extracted as part of the SLR.

Study Characteristics

A total of 44 studies were identified, with 3 to 21
contributing to the MA of any one endpoint
(VTE, DVT, or PE) and any one risk measure (RR,
AR, or IR). Study characteristics, including
inclusion and exclusion criteria, are summa-
rized in Table 1. One additional study,' Garcia-
Villegas et al. [15] was also included in the MA.
Of the 45 studies, 21 were retrospective cohort
studies and 23 were prospective cohort studies;
there was 1 case—control study. Of the 45
included studies, 19 were conducted in Europe,
14% in North America, and 137 in Asia. Length
of follow-up ranged from 2.5 to 15 years across
included studies. Owing to the scarcity of data
for the MA of any one endpoint and risk mea-
sure, the ability to carry out MA subgroup
analysis was limited. Where events are reported
in fewer than three comparable studies, infor-
mation was not meta-analyzed but described
qualitatively.

! This study was identified while reviewing the evidence
for a related project: Meta-analysis of Cardiovascular
Event Endpoints and Risk Factors in Systemic Lupus
Erythematosus.

2 Mok et al.*” included patients from China and the
USA; this has therefore been counted twice.
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Records identified from:
¢ Databases n=2,011

e

Records identified from:
e Hand searches n = 30

Duplicates excluded

|

v

n =485

Total records identified after elimination of duplicates n = 1,556

Included for Data Extraction
N =50

[ RECOMMENDED FOR INCLUSION ] [ SCREENING ] [ IDENTIFICATION ]

Records excluded at level 1 n=1,369
LEVEL 1 SCREEN Population n=913
(Titles/abstracts screened) |——»| Outcomes n=159
n=1,556 Study type n=274
l Other n=23
LEVEL 2 SCREEN
(Full texts screened)
N =187
Records excluded at level 2 n=137
Population n=23
» | Outcomes n=94
Study type =3
Other n=18

Fig. 1 Flow diagram of the systematic literature review process to evaluate the risk of VTE and risk factors in patients with

SLE compared with the general population. SLE systemic lupus erythematosus, V’7TE venous thromboembolism

Relative Risk of VIE, DVT, and PE Events
in Patients with SLE
Five studies were included in the primary anal-
ysis of the RR of VTE in patients with SLE
compared with the general population (Fig. 2a).
In the RE MA, the risk of VTE was 4.38 times
higher in patients with SLE than that of the
general population (RR 4.38, 95% CI 2.63-7.29).
Substantial heterogeneity was observed in the
RR estimates across the studies (I = 89.32%,
p =0.00). A leave-one-out sensitivity analysis
resulted in estimates ranging from 3.55 to 4.88.
The study by Mok etal. [39] had a notably
higher estimate than estimates observed in
other studies.

When limiting the analysis to RR of DVT in
patients with SLE compared with the general
population, three studies were identified

(Fig. 2b). The pooled risk of DVT in patients
with SLE was 6.35 times higher than that of the
general population, (RR 6.35, 95% CI
2.70-14.94). Substantial heterogeneity was
observed in the RR estimates across the studies
(I> = 89.75%, p = 0.00). A leave-one-out sensi-
tivity analysis resulted in estimates ranging
from 4.44 to 9.21. The study by Chung et al.
[28] had a notably higher estimate than other
studies.

When limiting the analysis to RR of PE in
patients with SLE compared with the general
population, four studies were identified
(Fig. 2¢). The pooled risk of PE in patients with
SLE was approximately five times higher than
that of the general population (RR 4.94, 95% CI
1.90-12.86). Substantial heterogeneity was
observed in the RR estimates across the studies
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Author (Year) Weights (RE, FE) HR (95% CI)
Aheloff (2017) HH 21.5% 403% 3.21[2.64, 3.90]
Avina-Zubieta (2015) —.— 21.2% 27.7% 5.50[4.35, 6.95]
Johannesdottir (2012) : —— 182% 5.9% 2.80(1.68, 4.66]
Mok (2010) 18.3% 6.2% 11.90(7.26,19.50]
Yusuf (2015) : . 20.8% 19.9%  2.94[2.23, 3.87)
Random-Effects Model, Q= 37.44, df = 4, o 4.38[2.63, 7.29]
p=000;?=932% T?= 0.30 :
Fixed-Effects Model, Q= 37.44, df = 4, : P 3.94 [3.48, 4.46)
p=0.00;1*=89.3% T*=0.00 :
Q= 37.44, df = 4, p= 0.00;1? = 89.32%; T = 0.00 :
i T T T 1
0 6.25 125 18.75 25
HR of VTE Events (95% Cl)
Author (Year) Weights (RE, FE) HR (95% ClI)
Avina-Zubieta (2015) — 35.0% 49.5% 6.69 [4.92, 9.09]
Johannesdottir (2012) Po—— 30.5% 11.5% 2.70(1.43, 5.10]
Chung (2014) —_— 34.6% 39.0% 12.80[9.06, 18.09]
Random-Effects Model, Q=19.50, df = 2, : ——EETET—— 6.35[2.70, 14.94]
p=000;1?=927%; T>=05 2 ]
Fixed-Effects Model, Q=19.50, df =2 ] - 7.76 [6.25, 9.63]
p=0.00;12=89.7% T2- 0.00 :
Q= 19.50, df = 2, p = 0.00;1% = 89.75%; T? = 0.00
f T T 1
0 6.25 12.5 18.75 25
HR of DVT Events (95% Cl)
Author (Year) Weights (RE, FE) HR (95% Cl)
Avina-Zubieta (2015) i 26.1% 11.2% 4.46[3.23, 6.15]
Johannesdottir (2012) P o——— 22.0% 1.5% 3.10[1.29, 7.45]
Zoller (2012) . 26.8% 82.8% 220[1.95, 2.48]
Chung (2014) : 25.0% 4.5% 19.70 [11.87, 32.71]
Random-Effects Model, Q= 79.89, df = 3, s ——— 4.94[1.90, 12.86)
p=0.00;1>=96.7%T?= 0.8 :
Fixed-Effects Model, Q= 79.89, df = 3, Y 2.64(2.37,2.94]
p=0.00;1?=96.2% T2 = 0.00 :
Q= 79.89, df = 3, p= 0.00;1> = 96.24%; T = 0.00 :
T T T T ]
0 8.75 175 26.25 35

Fig. 2 Forest plots of primary analysis of RR of a VTE,
b DVT, and ¢ PE events in patients with SLE. Chung et al.
[28] adjusted the HR for age, sex, and comorbidities.
Johannesdottir etal. [32] reported both adjusted and
unadjusted IRRs; adjusted IRR was chosen for this analysis
owing to possible errors in the reporting and/or calculation

of the unadjusted IRR. IRR adjusted for classic risk factors,

(7 = 96.24%, p =0.00). Following the leave-
one-out sensitivity analysis, estimates ranged
from 3.06 to 6.65. The study by Chung et al.

HR of PE Events (95% Cl)

comorbidities, and medication use. CI confidence intervals,
df degrees of freedom, FE fixed effects, HR hazard ratio,
IRR incidence rate ratio, » number of studies included in
the analysis, PE pulmonary embolism, RE random effects,
RR relative risk, SLE systemic lupus erythematosus, VTE
venous thromboembolism

[28] had a notably higher estimate than other
studies.
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Absolute Risk of VTE, DVT, and PE Events

in Patients with SLE

Twenty studies were included in the primary
analysis of the AR of VTE in patients with SLE
(Fig. 3a). The pooled estimate of the AR of VTE
events (measured as cumulative incidence pro-
portion) was 0.06 (n/N; 95% CI 0.05-0.08).
Substantial heterogeneity was observed across
the studies (I* = 95.6%, p < 0.01). A sensitivity
analysis considering the 14 high-quality studies
was comparable to the primary analysis [0.05
(n/N); 95% CI 0.04-0.07]. Sensitivity analyses
looking for high-quality studies and VTE defi-
nition were conducted with heterogeneity
remaining high (Fig. S1). A scatter plot of the AR
of VTE, DVT, and PE was generated to inform
possible heterogeneity in AR arising from
between-study differences in length of follow-
up. No obvious visual trend of increasing AR of
VTE were observed in the studies with increas-
ing follow-up.

When limiting the analysis to AR of DVT in
patients with SLE, 21 studies were identified
(Fig. 3b). The pooled AR estimate was 0.05 (n/N;
95% CI 0.03-0.07), ranging from 0.01 to 0.30
(n/N) across the studies. Substantial hetero-
geneity was observed (I* = 96.5%, p < 0.01). A
sensitivity analysis considering the 14 high-
quality studies found a pooled estimate of 0.04
(n/N; 95% CI 0.02-0.07), a comparable estimate
as observed in the primary analysis, yet sub-
stantial heterogeneity remained (I = 96%,
p <0.01) (Fig. S2). Two studies [35, 45] were
clear outliers reporting a higher proportion of
events than seen in the other studies identified.
Visual inspection of a scatter plot of AR of DVT
against the length of follow-up suggested a
slight upward trend with an increasing AR of
DVT events with increasing follow-up.

When limiting the analysis to AR of PE
events in patients with SLE, 17 studies were
identified (Fig. 3c). Absolute risk of PE events in
patients with SLE differed across the included
studies, ranging from 0.00 to 0.06 (n/N) with a
pooled estimate of 0.02 (n/N; 95% CI
0.01-0.03). Substantial heterogeneity was
observed in the AR estimates across the studies
(I =94.1%, p<0.01). A sensitivity analysis
including the 13 high-quality studies did not
differ from the primary analysis (AR 0.02; n/N;

95% CI 0.01-0.03), and substantial hetero-
geneity remained (I* =95.2%, p < 0.01)
(Fig. S3). A scatter plot of the AR of PE against
the length of follow-up within the studies did
not indicate an obvious trend of increasing AR
with increasing follow-up time.

Incidence Rate of VIE, DVT, and PE Events
in Patients with SLE

Twelve studies were included in the primary
analysis of the IR of VTE events in patients with
SLE (Fig. 4a). IR of VTE events differed across the
included studies, ranging from 4.2 to 24 per
1000 PY. The pooled IR (RE) of VTE events in
patients with SLE was 8.04 per 1000 PY (95% CI
5.48-11.08). Substantial heterogeneity was
observed across the studies (I* =91.9%,
p <0.01). A sensitivity analysis considering a
subset of high-quality studies, VTE definition
and studies where patients had been followed
up from disease onset found a similar pooled IR
of VTE events as observed in the primary anal-
ysis (8.34 per 1000 PY; 95% CI 5.23-12.15 for
only the ten high-quality studies), and sub-
stantial heterogeneity remained (I* = 92.9%,
p <0.01) (Fig. S4).

When limiting the analysis to IR of DVT
events in patients with SLE, seven studies were
identified (Fig.4b). IR of DVT events differed
across the included studies, ranging from 1.39
t0 9.66 per 1000 PY with a pooled IR (RE) of 3.11
per 1000 PY (95% CI 1.73-4.86). Substantial
heterogeneity ~was observed (I* = 88.4%,
p <0.01). A sensitivity analysis considering
high-quality studies and studies where patients
had been followed up from disease onset found
a comparable pooled IR (RE) as to the primary
analysis (3.28 per 1000 PY; 95% CI 1.46-5.79),
and substantial heterogeneity remained
(I = 90.9%, p < 0.01) (Fig. S5).

When limiting the analysis to PE events in
patients with SLE, seven studies were identified
(Fig. 4¢). Incidence rate of PE events in patients
with SLE differed across the included studies,
ranging from O to 11.41 per 1000 PY with a
pooled IR (RE) of 1.40 per 1000 PY (95% CI
0.15-3.60). Substantial heterogeneity was
observed (I? = 89.0%, p <0.01). A sensitivity
analysis considering high-quality studies and
studies where patients had been followed up
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A Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Ramirez (2020) 1 131 S 0.08 [0.04;0.15]  0.4% 4.2%
Y usuf (2015) 495 19427 0.03 [0.02;0.03] 62.9% 5.9%
Avina-Zubieta (2015) 108 4863 ] 0.02 [0.02;0.03] 15.8% 5.9%
Calv o-Alen (2005) 51 570 3 —— 0.09 [0.07;0.12] 1.8% 5.4%
Mok (2005A) 8 258 —+— 0.03 [0.01;0.06] 0.8% 4.9%
Somers (2002) 35 678 3—‘— 0.05 [0.04;0.07] 2.2% 5.5%
Hinojosa-Azaola (2016) 27 219 o= 0.12 [0.08;0.17] 0.7% 4.8%
Watanabe (2018) 1 152 —— 0.07 [0.04;0.13]  0.5% 4.4%
Romero-Diaz (2009) 25 241 3 —— 0.10 [0.07;0.15] 0.8% 4.9%
Garcia-Villegas (2015) 7 238 —— 0.03 [0.01;0.06] 0.8% 4.8%
Baronaite Hansen (2014) 61 571 e 0.11 [0.08;0.14] 1.9% 5.4%
Tektonidou (2009) 15 288 R 0.05 [0.03;0.08] 0.9% 5.0%
Martinez-Berriotxoa (2007) 23 237 § —— 0.10 [0.06; 0.14] 0.8% 4.8%
Mok (2010) 14 516 —‘:* 0.03 [0.01;0.05] 1.7% 5.4%
Mok (2005B) 10 272 - 0.04 [0.02;0.07] 0.9% 5.0%
Chang (2006) 22 408 —— 0.05 [0.03;0.08] 1.3% 5.3%
Becker-Merok (2009) 8 158 et 0.05 [0.02;0.10] 0.5% 4.4%
Domingues (2016) 168 1390 i - 0.12 [0.10;0.14]  4.5% 5.7%
Brouwer (2004) 15 144 P 0.10 [0.06;0.17]  0.5% 4.3%
Bizzaro (2007) 9 101 3 e —— 0.09 [0.04;0.16] 0.3% 3.9%
Fixed effect model 30862 6 0.03 [0.03;0.03] 100.0% i
Random effects model < 0.06 [0.05;0.08] - 100.0%
Heterogeneity: 12=96% ,t2=0.0046 ,p<0.01 | T T T 1
0 0.1 0.2 0.3 0.4
Proportion with VTE
B Weigh i
ght Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Chabbert-Buffet (2011) 1 187 + 0.01 [0.00; 0.03] 0.6% 4.6%
Singh (2013) 8 193 0.04 [0.02;0.08] 0.7% 4.7%
Reddy (2014) 4 103 +— 0.04 [0.01;0.10] 0.4% 4.3%
Avina-Zubieta (2015) 68 4863 I 001 [0.01;0.02] 16.6% 5.1%
Burgos (2010) 11 643 + 0.02 [0.01;0.03] 2.2% 5.0%
Hinojosa-Azaola (2016) 1 219 —— 0.05 [0.03;0.09] 0.7% 4.7%
Manger (2002) 74 338 —_ 022 [0.18;0.27] 1.2% 4.8%
Watanabe (2018) 7 152 —+— 0.05 [0.02;0.09] 0.5% 4.5%
Chung (2014) 136 13084 0.01 [0.01;0.01] 44.7% 5.1%
Garcia-Villegas (2015) 2 238 0.01 [0.00;0.03] 0.8% 4.7%
Hsu (2017) 46 3892 0.01 [0.01;0.02] 13.3% 5.1%
Baronaite Hansen (2014) 48 571 E - 0.08 [0.06;0.11] 2.0% 4.9%
Mok (2005B) 9 272 0.03 [0.02; 0.06] 0.9% 4.8%
Regeczy (2000) 36 120 — 0.30 [0.22;0.39] 0.4% 4.4%
Chang (2006) 18 408 E* 0.04 [0.03;0.07] 1.4% 4.9%
Becker-Merok (2009) 8 158 —— 0.05 [0.02;0.10] 0.5% 4.6%
Brouwer (2004) 8 144 E—‘— 0.06 [0.02;0.11] 0.5% 4.5%
Bizzaro (2007) 5 101 “—— 005 [0.02;0.11] 0.3% 4.3%
Taraborelli (2016) 29 317 L i—— 0.09 [0.06;0.13] 1.1% 4.8%
Kaiser (2009) 112 1930 @ = 0.06 [0.050.07] 6.6% 5.1%
Kaiser (2012) 31 1361 :4- 0.02 [0.02;0.03] 4.6% 5.0%
Fixed effect model 29294 i 0.02 [0.02;0.02] 100.0% -
Random effects model <> 0.05 [0.03;0.07] - 100.0%
Heterogeneity: 12=97% ,t2=0.0135 ,p <0.01 | T T T T T 1
0 01 02 03 04 05 06
Proportion with DVT
c Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Chabbert-Buff et (2011) 0 187 0.00 [0.00;0.02]  0.5% 5.1%
Avina-Zubieta (2015) 53 4863 i 0.01 [0.01;0.01] 13.5% 7.3%
Akimoto (2005) 1 166 +— 0.01 [0.00;0.03]  0.5% 4.9%
Hinojosa-Azaola (2016) 13 219 i ——— 0.06 [0.03;0.10]  0.6% 5.3%
Manger (2002) 14 338 i—— 0.04 [0.02;0.07)  0.9% 5.9%
Watanabe (2018) 6 152 :*ﬁ— 0.04 [0.01;0.08] 0.4% 4.7%
Chung (2014) 92 13084 0.01 [0.01;0.01] 36.4% 7.4%
Garcia-Villegas (2015) 5 238 %R 0.02 [0.01;0.05] 0.7% 5.4%
Hsu (2017) 28 3892 1, 0.01 [0.00;0.01] 10.8% 7.3%
Baronaite Hansen (2014) 15 571 - 0.03 [0.01;0.04] 1.6% 6.5%
Regeczy (2000) 6 120 E—‘— 0.05 [0.02;0.11] 0.3% 4.3%
Chang (2006) 3 408 =+ 0.01 [0.00;0.02] 1.1% 6.1%
Beck er-Merok (2009) 0 158 0.00 [0.00;0.02]  0.4% 4.8%
Brouwer (2004) 5 144 i—— 0.03 [0.01;0.08]  0.4% 4.6%
Taraborelli (2016) 7 317 +— 0.02 [0.01;0.04]  0.9% 5.8%
Kaiser (2009) 50 1930 E-‘- 0.03 [0.02;0.03] 5.4% 7.1%
Zoller (2012) 276 9147 E 0.03 [0.03;0.03] 25.5% 7.4%
Fixed effect model 35934 | 0.01 [0.01;0.01] 100.0% -
Random effects model <> 0.02 [0.01;0.03] e 100.0%

Heterogeneity: 12=94% 5 t%=0.0029 ,p<0.01 f T T T T T !

0 0.05 0.1 015 0.2 025 0.3
Proportion with PE
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«Fig. 3 Forest plot of primary analysis of AR of a VTE,
b DVT, and ¢ PE events in patients with SLE. Both
Somers et al. [49] and Domingues et al. [29] used patient
data from the Hopkins Lupus Cohort; an assessment of
the dates considered by each study indicates that there is
no overlap between them. Mok etal. [38] included
patients from centers in Hong Kong and a cohort of
patients from the Hopkins Lupus Cohort study. Only
Chinese patients from Mok et al. [38] have been included,
with results for the African American or white patients not
included in the data of the meta-analysis by Mok et al.
[38]. This is to minimize the possibility of including results
from patients within Mok etal. [38] who are already
included within the patients included for Domingues et al.
[29], which also used data from the Hopkins Lupus
Cohort. AR absolute risk, CI confidence intervals, DVT
deep vein thrombosis, z number of studies included in the
analysis, PE pulmonary embolism, SLE systemic lupus
erythematosus, ¥7E venous thromboembolism

from disease onset found a comparable pooled
IR as the primary analysis (1.97 per 1000 PY;
95% CI 0.14-5.59), and substantial hetero-
geneity remained (I* =92.5%, p <0.01)
(Fig. S6).

SUBGROUP ANALYSES

Absolute Risk of VTE, DVT, and PE
in Patients with SLE by aPL Status or APS
Presence

Subgroup analyses were conducted focusing on
patients with SLE by aPL status and APS pres-
ence. The pooled AR of VTE events in patients
with SLE (measured as cumulative incidence
proportion) and aPLs was 0.13 (n/N; 95% CI
0.07-0.21), and in patients with SLE and no
aPLs was 0.07 (n/N; 95% CI 0.04-0.10) (Fig. 5a).
The pooled AR (RE) of VTE events in patients
with SLE and APS was 0.63 (n/N; 95% CI
0.00-1.00) (Fig. Sb). Considerable heterogeneity
was observed for patients with SLE and aPLs
(I* = 90.8%, p < 0.01), and for patients with SLE
and APS (I* = 98.5%, p < 0.01).

Subgroup analyses of the AR of DVT events
(Supplementary Material Table S5) and the AR
of PE events (Supplementary Material Table S6)

in patients with SLE by APS presence or aPLs
were conducted. The pooled estimate of the AR
of DVT events in patients with SLE and aPL was
0.11 (n/N; 95% CI 0.03-0.22), and in patients
with SLE and no aPL was 0.08 (n/N; 95% CI
0.00-0.25). Substantial heterogeneity was
observed for both groups (I* = 92.6%, p < 0.01
and I*=91.0%, p < 0.01, respectively). The
pooled estimate of AR of DVT events in patients
with SLE and APS (measured as cumulative
incidence proportion) was 0.26 (n/N; 95% CI
0.15-0.39), and in patients with SLE and no APS
was 0.01 (n/N; 95% CI 0.00-0.05). Similarly,
considerable heterogeneity was observed for
both groups (I*=79.3%, p<0.01 and
I? = 74.8%, p = 0.02, respectively). The pooled
AR of PE events in patients with SLE and aPL
was 0.05 (n/N; 95% CI 0.03-0.08), and in
patients with SLE and no aPL was 0.01 (n/N;
95% CI 0.00-0.02). No to minimal heterogene-
ity was observed (I*=0%, p=0.75 and
I? =33%, p=0.21, respectively). The pooled
estimate of the AR of PE events in patients with
SLE and APS was 0.22 (n/N; 95% CI 0.12-0.34),
with  moderate  heterogeneity  (I* = 66%,
p =0.05).

Descriptive Analyses—Subgroup
Evaluation of Age

Owing to the limited number of comparable
studies reporting relevant endpoint data by age,
only narrative descriptions of the studies were
conducted. The study by Mok et al. [39] calcu-
lated the SIR of VTE events in patients with SLE,
compared with the general population, strati-
fied by age group: < 30years, > 30 to
40 years, > 40 to 50 years, and > 50 to 60 years.
The highest RR of VTE events was observed in
those aged < 30years (SIR 65.8; 95% CI
29.3-147.9) with the lowest risk observed in
the > 50 to 60 years (SIR 4.3; 95% CI 0.6-31.2).
The RR in the remaining age groups declined
with age. The study by Yusuf et al. [57] found a
similar trend in the adjusted HR of VTE in
patients with SLE, compared with the general
population with higher risk observed in patients
aged 18-40years (adjusted HR 7.18; 95% CI
3.64-14.14) versus patients aged 41-64 years
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A
Author (Year) Person Years IR/1000 PY IR/1000 PY 95% Cl Weight (FE) Weight (RE)
Aheloff (2017) 21944.00 = E 5.24 [4.32; 6.24] 16.5% 9.2%
Avina-Zubieta (2015) 20300.75 = : 5.32  [4.36; 6.37] 15.2% 9.2%
Becker-Merok (2009) 1880.58 —— 430 [1.76; 7.86] 1.4% 7.8%
Brouwer (2004) 1030.00 —_—r— 5.80 [1.91;11.57] 0.8% 6.8%
Chang (2006) 4353.48 —— 5.05 [3.14; 7.41] 3.3% 8.6%
Mok (2010) 4285.71 —— E 420 [2.46; 6.39] 3.2% 8.6%
Mok (2005A) 3094.00 p—— 13.00 [9.27;17.35] 2.3% 8.3%
Romero-Diaz (2009) 1349.00 P 18.50 [11.88;26.54] 1.0% 7.3%
Somers (2002) 6862.75 - 5.10 [3.54; 6.94] 5.1% 8.8%
Yusuf (2015) 50073.00 : 9.89 [9.04;10.78] 37.6% 9.3%
Domingues (2016) 17025.00 E—‘— 9.01 [7.64;10.49] 12.8% 9.1%
Hinojosa-Azaola (2016) 1139.00 _ 24.00 [15.77;33.92] 0.9% 7.0%
Fixed effect model 0 7.51 [7.05; 7.99] 100.0% -
Random effects model < 8.04 [5.48;11.08] - 100.0%
Heterogeneity: 12=92% ,t*=00007,p<0o01 I T T T T T —T"1

0 5 10 15 20 25 30 35

Incidence Rate per 1000 PY

B
Author (Year) Person Years IR/1000 PY IR/1000 PY 95% Cl Weight (FE) Weight (RE)
Avina-Zubieta (2015) 20420.42 E -'- 3.33 [2.58; 4.17] 15.3% 18.2%
Becker-Merok (2009) 1880.58 :—"— 430 [1.76; 7.86) 1.4% 12.5%
Chang (2006) 4353.48 P——— 413 [2.42; 6.29] 3.3% 15.5%
Hsu (2017) 14500.00 - 2.00 [1.33; 2.80] 10.9% 17.9%
Chabbert-Buffet (2011) 571.17 —':— 1.39 [0.00; 6.84] 0.4% 6.9%
Hinojosa—-Azaola (2016) 1139.00 E e— 9.66 [4.67;16.33] 0.9% 10.2%
Chung (2014) 90237.00 1.51 [1.27; 1.77] 67.8% 18.9%
Fixed effect model 0 1.72 [1.49; 1.97] 100.0% -
Random effects model et 3.11 [1.73; 4.86] - 100.0%
Heterogeneity: 1%=88% ,t%=0.0002 , p <0.01! T ' ' I

0 5 10 15 20

Incidence Rate per 1000 PY

C
Author (Year) Person Years IR/1000 PY IR/1000 PY 95% Cl Weight (FE) Weight (RE)
Avina-Zubieta (2015) 20542.64 v 2.58 [1.93; 3.32] 15.5% 16.0%
Becker-Merok (2009) 1880.58 *—IE 0.00 [0.00; 0.91] 1.4% 13.8%
Chang (2006) 4353.48 - 0.69 [0.08; 1.75] 3.3% 15.1%
Hsu (2017) 13636.36 * 1.10 [0.60; 1.74] 10.3% 15.9%
Chabbert-Buffet (2011) 571.17 ":— 0.00 [0.00; 3.01] 0.4% 10.3%
Hinojosa—-Azaola (2016) 1139.00 E _— 11.41 [5.94; 18.58] 0.9% 12.6%
Chung (2014) 90410.00 ] 1.02 [0.82; 1.24] 68.2% 16.2%
Fixed effect model 0 1.01 [0.83; 1.21] 100.0% -
Random effects model <= 1.40 [0.15; 3.60] - 100.0%
Heterogeneity: 12=89%, t2=0.0007 p <0.01 ! T T T I

0 5 10 15 20

Incidence Rate per 1000

Fig. 4 Forest plot of primary analysis of IR of a VTE,
b DVT, and ¢ PE events in patients with SLE. CI
confidence intervals, DV'T deep vein thrombosis, FE fixed
effects, IR incidence rate, » number of studies included in

PY

the analysis, PE pulmonary embolism, PY person-years, RE
random effects, SLE systemic lupus erythematosus, V1E
venous thromboembolism
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A Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
aPL Status = No aPL
Brouwer (2004) 6 80 —_— 0.07 [0.03;0.16] 5.6% 15.6%
Martinez-Berriotxoa (2007) 11 139 —-— 0.08 [0.04;0.14]  9.7% 17.1%
Moroni (2004) 6 82 —— 0.07 [0.03;0.15] 5.7% 15.7%
Tektonidou (2009) 4 144 - 0.03 [0.01;0.07] 10.0% 17.2%
To (2005) 110 921 B 0.12 [0.10;0.14] 63.9% 19.2%
Watanabe (2018) 2 72 —— 0.03 [0.00; 0.10] 5.0% 15.3%
Fixed effect model 1438 <> 0.09 [0.08;0.11] 100.0% o=
Random effects model < 0.07 [0.04;0.10] - 100.0%
Heterogeneity: |2 =78% ,t2=0.0039, p <0.01
aPL Status = aPL
Brouwer (2004) 7 23 —_—— 0.30 [0.13;0.53] 2.0% 8.6%
Chen (2016) 24 325 - 0.07 [0.05;0.11] 27.4% 15.1%
Martinez-Berriotxoa (2007) 12 98 —— 0.12 [0.06; 0.20] 8.3% 13.3%
Moroni (2004) 8 29 —_— 0.28 [0.13;0.47] 2.5% 9.5%
Tektonidou (2009) 11 144 —— 0.08 [0.04;0.13] 121% 14.0%
To (2005) 112 436 — 0.26 [0.22;0.30] 36.7% 15.3%
Watanabe (2018) 9 80 — 0.11 [0.05;0.20] 6.8% 12.8%
Sciascia (2014) 1 51 -— 0.02 [0.00; 0.10] 4.3% 11.5%
Fixed effect model 1186 <> 0.14 [0.12;0.16] 100.0% —
Random effectszmodel b 0.13 [0.07;0.21] - 100.0%
Heterogeneity: | =91% , t2=0.0171 , p <001 I I I I I I |
0O 01 02 03 04 05 06

B Proportion with VTE

Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
APS Status = APS
McMahon (2006) 8 37 — 0.22 [0.10;0.38] 37.1% 49.8%
Wang (2016) 60 63 > 0.95 [0.87;0.99] 62.9% 50.2%
Fixed effect model 100 0.73 [0.64;0.82] 100.0% -
Random effects model 0.63 [0.00; 1.00] - 100.0%

Heterogeneity: 17=99% , t*=0.3499 , p <0.01

T T T
0.1

o —

T

T 1

02 03 04 05 06

Proportion with VTE

Fig. 5 Forest plot of subgroup analysis of AR of VTE
events in patients with SLE by a aPL status and b APS
status. 2PL antiphospholipid antibodies, APS antiphos-
pholipid syndrome, AR absolute risk, CI confidence

(adjusted HR 2.58; 95% CI 1.88-3.54). The study
by Chung etal. [28] also observed a similar
trend for PE in patients < 35 years (adjusted HR
52.8; 95% CI  23.0-121.3) and in
patients > 65 years (adjusted HR 2.97; 95% CI
1.23-7.20), and the RR of PE events was highest
in patients < 35 years (adjusted HR 71.5; 95%
CI 22.3-228.9) and lowest in
patients > 65 years (adjusted HR 3.81; 95% CI
1.15-12.7). The risk of VTE events after 4 years
of follow-up was found to be greater for patients
aged 18-40years than for patients aged
41-64 years.

interval, » number of studies included in the analysis,
SLE lupus erythematosus, V7TE venous
thromboembolism

systemic

DISCUSSION

VTEs are well-recognized complications in
patients with SLE; in this MA, patients with SLE
had a statistically significantly increased risk of
VTE (RR 4.38). This is in line with previously
published analyses [59, 60], one of which found
that the risk of VTE was over three- to sixfold
higher in patients with SLE compared with the
general population [59]. Descriptive analyses
suggest that the RR of VTE in younger patients
with SLE is greater relative to younger patients
in the general population, supporting findings
of the studies by Mok et al. [39] and Yusuf et al.
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[57] for VTE, and Chung et al. [28] for DVT and
PE. Additionally, this MA found a considerably
higher incidence of VTE events in the SLE
population (AR 0.06; n/N and IR = 8.04/1000
PY) than observed in the general population
[S, 59, 60], and in patients with other autoim-
mune diseases [46]. Furthermore, a higher AR of
VTE was estimated in patients with SLE with
aPLs (n/N = 0.13) and APS (n/N = 0.63) versus
patients with SLE without aPLs/APS (n/
N =0.07). The AR and IR of VTE events were
also found to be higher in younger (< 40 years)
patients with SLE (n/N = 0.03 and 11.28/1000
PY, respectively) versus those aged 41-64 years
(n/N =0.02 and 9.29/1000 PY, respectively)
[57]. Similarly, the risk of DVT (RR 6.35) and PE
(RR 4.94) in patients with SLE was found to be
statistically significantly greater than in the
general population. The pooled estimated AR
and IR of DVT (AR 0.05, IR 3.11/1000 PY) and PE
(AR 0.02, IR 1.4/1000 PY) in patients with SLE is
considerably higher than the IR of DVT and PE
events in the general population (0.57 [S] and
0.67 [5]/1000 PY, respectively). Overall, the
findings of this analysis suggest that patients
with SLE have a higher incidence of VTE, DVT,
and PE compared with other groups.

The differences between the results across
the studies are likely due to a complex mix of
different factors, such as definitions of VTE,
study design, patient inclusion criteria, medical
practice for screening of VTE, and additional
factors such as duration or severity of SLE dis-
ease. Our study is strengthened by a rigorous
methodological approach based on interna-
tional guidelines for conduct and reporting of
systematic reviews and MAs. Findings aligned
with expectations and with results reported in
previous publications; however, evidence gaps
were identified in a range of outcomes of
interest relating to both VTE events and the
association between VTE and cardiovascular risk
factors. Furthermore, data for subgroups of
interest were very limited and, when available,
inconsistently defined. It would be beneficial
for these gaps in the literature to be addressed
with future research.

Limitations

Substantial heterogeneity was observed for most
of the endpoints. A potential limitation of the
included studies is that several were conducted
in the same countries with some studies using
the same cohort of patients. This heterogeneity
is not explained by the methodological quality
of the included studies as substantial hetero-
geneity was still present in sensitivity analyses
in which only high-quality studies were con-
sidered. Nonetheless, the studies included in
this MA consisted of a mix of cohort and data-
base studies from medical records or registries.
These databases differ in terms of data com-
pleteness, accuracy, and coverage of the popu-
lation, hence being a potential source of
variation across studies. Additional sources of
heterogeneity may also be due to differences in
the patients included in the studies; in relation
to the pooled estimates of the RR of VTE events
in patients with SLE, some studies [5, 16, 57]
included incident cases of SLE, whereas another
study [39] included a mix of incident and
prevalent cases. Differences were also seen in
the mean age of patient groups, disease dura-
tion, percentage of patients with baseline
comorbidities, treatment regimens, and aPL
positivity. Similar variation was observed across
the studies reporting the RR of DVT and PE
events in patients with SLE, compared with the
general population or a suitable proxy. In rela-
tion to pooled AR estimates for VTE and PE, the
length of follow-up does not appear to be
responsible for this heterogeneity; however,
similar to the RR analyses, additional sources of
heterogeneity may have resulted from between-
study differences of AR and IR of VTE, DVT, and
PE events. Definitions of VTE were also consid-
ered as a source of heterogeneity; definitions
varied in their comprehensiveness, with some
studies defining VTE events as comprising DVT
of the limbs and PE only, and other studies
expanding their definitions to include other
anatomical sites or organs. However, sensitivity
analysis by definition did not lead to a reduc-
tion in heterogeneity.
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CONCLUSION

Despite substantial heterogeneity across studies,
there is evidence of an increased risk of VTE,
DVT, and PE in patients with SLE compared
with the general population. Moreover, sub-
group analyses suggest that the AR of VTE, DVT,
and PE events is higher in patients with APS or
with aPL. Despite differences across the studies
and the observed heterogeneity in the pooled
estimates, the sensitivity analysis found com-
parable results to the primary analysis, adding
confidence to the estimates of risk. Elevated
risks of VTEs and the associated risk factors
among patients with immune-mediated disor-
ders should be carefully considered when opti-
mizing treatment to appropriately balance risks
and benefits of the chosen therapy. Future
research is needed to inform on the impact of
traditional and SLE-specific risk factors for VTE
to further identify patients with SLE at highest
risk, allowing for improved prevention and
treatment strategies. Additionally, a harmo-
nization of subgroup definitions and other
variables (e.g., age groups, steroid dosing cate-
gories) is needed to allow for better cross-trial
comparisons and to assist future MA-type
analyses.
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