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Abstract

Background: Baricitinib, an oral-administrated selective inhibitor of the JAK1 and JAK2, is recently approved for
rheumatoid arthritis (RA) treatment. With the aim to provide some insights on the clinical safety, the current study
mainly focused on the effect of baricitinib on low-density lipoprotein cholesterol (LDL-C) and high-density
lipoprotein cholesterol (HDL-C) levels and cardiovascular risk.

Methods: The net change scores [least squares mean (LSM) and mean change] of LDL-C and HDL-C levels from
baseline with the comparison of baricitinib versus placebo were pooled, respectively. Risk rations (RR) of major
cardiovascular events (MACEs) and differences of cardiovascular risk scores at the end of treatment across groups
were compared.

Results: Six trials with randomized 3552 patients were finally included in summary analysis. Results showed that
baricitinib significantly increased LDL-C levels, the net mean change was 13.15 mg/dl with 95% CI 8.89~17.42 (I2 =
0) and the net LSM was 11.94 mg/dl with 95% CI 7.52~16.37 (I2 = 84%). HDL-C also increased obviously with the net
LSM change was 7.19 mg/dl (95% CI, 6.05~8.33, I2 = 47%) and net mean change was 5.40 mg/dl (95% CI, 3.07~7.74,
I2 = 10%). Subgroup and meta-regression analysis demonstrated baricitinib induced LDL-C and HDL-C increases in a
dose-response manner. However, both the pooled RRs of MACEs and differences of cardiovascular risk scores were
not statistically significant across groups.

Conclusion: This study confirmed that baricitinib induced a stable dose-response increase in LDL-C and HDL-C
levels. Since the causality association between altered lipids and cardiovascular risk was not identified yet, this issue
cannot be completely dismissed. Future research is needed to fully dissect the implications of these lipid changes.

Keywords: Baricitinib, Rheumatoid arthritis, Low-density lipoprotein cholesterol, High-density lipoprotein
cholesterol, Cardiovascular risk

Background
Rheumatoid arthritis (RA) is a chronic, systematic auto-
immune disease characterized by synovial inflammation
and joint damage [1]. For a long time, conventional syn-
thetic disease-modifying antirheumatic drugs (cDMARDs),
usually methotrexate (MTX), ranked as the frontline ther-
apy for RA targeting to improve synovitis and physical

function [2]. However, many patients do not achieve the
therapy goal, failing to continue therapy because of ser-
iously adverse effect or lose response over time. These is-
sues highlight the need to develop additional therapeutic
strategies for RA. Recent advances put emphasis on the
crucial role of cytokine network involved in the pathogen-
esis of RA [2]. Janus kinases (JAKs) are part of the tyrosine
kinases family that regulate a variety of signaling cascades
of cytokine, many of which are contributed to the RA pro-
gression. A new class of small molecules targeting JAKs are
successfully developed to be an additional therapy for RA
patients [3].
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Baricitinib is an oral-administrated selective inhibitor
of the JAK1 and JAK2. As the second JAK inhibitor, bar-
icitinib recently attracted numerous attention for the ap-
proval of RA treatment in European Union, Japan and
USA [4]. Completed phase II and III trials demonstrated
baricitinib significantly improves symptoms of
moderate-to-severe active RA patients who had under-
gone an inefficient response or intolerance to
cDMARDs, presenting a therapy value of baricitinib in a
new field of RA treatment [5].
RA is strongly associated with high risk of cardiovas-

cular (CV) events. A pooled analysis demonstrated the
CV risk was 48% higher in patients with RA than those
in general individuals [6]. The mechanism underlying
the excess risk of CV events in RA remains unclear, but
the traditional risk factors, systematic inflammation and
the other RA-specific (mainly the disease activity) may
play a role in this increased risk [7]. Particularly, recog-
nition of CV risk of anti-rheumatism treatment was im-
portant to guide the clinical management of RA. Both
MTX and tumor necrosis factor (TNF) inhibitor (inflixi-
mab) are associated with decreased CV risk [8, 9]. The
cardiovascular risk associated with non-steroidal
anti-inflammatory drugs (NSAIDs) was modest lower
than in non-RA individuals [10]. As a new class of agent
for RA, the safety of baricitinib, especially their effects
on cardiovascular risk and associated risk factors, re-
mains to be assessed. For now, the follow-up duration of
completed phase II and III trials were 12~52 weeks. Such
short follow-up duration is inappropriate for assessment
of CV risk. A long-term observation is deserving to be
held and the associated risk should be estimated.
Dyslipidemia, especially the elevated low-density lipo-

protein cholesterol (LDL-C) levels which is regarded as
“bad cholesterol”, has been well established as the major
risk of CV disease [11, 12]. In contrast, serum
high-density lipoprotein cholesterol (HDL-C) is consid-
ered to be protective against cardiovascular disease with
the name of “good cholesterol” [11, 12]. With the aim to
provide some insights on the clinical safety of baricitinib,
the current study mainly focuses on the effect of bariciti-
nib with different dose on LDL-C and HDL-C levels and
potential cardiovascular risk.

Materials and methods
We followed the guidelines proposed by the Cochrane
handbook for performing and reporting the current
meta-analysis [13].

Search methods and resources
Studies that reported the effect of baricitinib on plasma
lipids in patients with rheumatoid arthritis were consid-
ered as our interest. Two investigators independently
searched the relevant studies across these databases:

Medline, Embase, and the Cochrane Central Register of
Controlled Trials (CENTRAL) and websites (www.clini-
caltrials.gov). The following key words were used for
searching: (JAK inhibitor OR baricitinib OR LY3009104
OR INCB028050) AND (“rheumatoid arthritis” OR RA).
The details of search algorithm of Medline (Via
PubMed) was provided in Additional file 1. In addition,
we also extend the search by scrutinizing the reference
lists from all relevant studies or reviews. The last study
search was updated in 1 October 2018.

Study selection and data extraction
Two investigators (She L and Jiang SL) independently
identified eligible trials by carefully scrutinized titles, ab-
stracts and full text. Consensus was achieved through
consulted with the third investigator in case of disagree-
ment. Original studies were considered as eligible if they
meet the pre-defined inclusion criteria: (i) patients were
18 years of age or older and had active rheumatoid arth-
ritis; (ii) the comparation were the baricitinib versus pla-
cebo or active control with or without any background
therapy; (iii) reported outcomes include the change
scores of LDL-C and HDL-C, the estimation of potential
cardiovascular risk at the end of treatment; (iv) clinical
trials of randomized, double-blind, placebo- or
active-controlled design. Of note, any studies that with
duplicated reporting, important information missing or
failed to meet any of the inclusion criteria listed above
were excluded.
Two investigators (She L and Jiang SL) extracted the

following data independently from the primary text of
individual trial: trial name, recruitment period, number
of centers, publication year, patients’ demographics and
clinical characteristics, follow-up duration, duration of
RA, randomized patients, background therapy, the
change values of LDL-C and HDL-C at the end of treat-
ment from baseline.

Outcomes
In this study, we focused on the net change of LDL-C
and HDL-C levels at the end of follow-up over bariciti-
nib treatment when compared to the placebo or the
active-control. Net change scores were expressed as the
net least squares mean (LSM) and net mean change at
the end of follow-up from baseline, the two scores were
pooled separately in the current meta-analysis. Net mean
change scores were calculated as: (measure at end of
follow-up in the treatment group−measure at baseline in
the treatment group) − (measure at end of follow-up in
the control group−measure at baseline in the control
group). LSM means adjusted mean in primary text, and
is apparently more reasonable because the potential con-
founders have been adjusted. In additional, with the aim
to assess the potential cardiovascular risk of baricitinib,
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we calculated the risk of MCVEs and the differences of
CV scores with the comparations of baricitinib versus
placebo or versus active agents. Formulas used for data
transformation were listed in Additional file 2.

Bias risk assessment
Two investigators (Deng ZW and Shi ZH) judged the
bias risk and quality of included trials by using Cochrane
risk of bias assessment tool independently. According to
the guidelines, five aspects were assessed: allocation se-
quence generation, allocation concealment, blinding of
participants and investigators, completeness of outcome
data, and selective outcome reporting.

Statistical analysis
In this meta-analysis, we compared the net changes of
serum LDL-C and HDL-C levels at the end of treatment
from baseline in baricitinib group to those in control
group. Net LSM change and net mean change of LDL-C
and HDL-C levels were pooled using the
DerSimonian-Laird random-effects model, respectively.
For studies containing multiple intervention with differ-
ent dose, we combined them to create a single pairwise
comparison by using a weighted average [13]. Pooled ef-
fect sizes were represented as weight difference (WMD)
and 95% confidence interval (CI). To estimate the CV
risk, the CV risk scores (Framingham risk score and
Reynolds risk score) of patients with different treatment
were compared and numbers of MACEs in each group
were extracted to calculate risk rations (RRs). In order to
assess the robustness of pooled results and identify the
potential contributor of heterogeneity, sensitivity ana-
lysis was conducted using the leave-one-out method in
each turn to investigate the influence of single study on
the overall risk estimate. In view of dose-dependent and
time-dependent clinical effect with most of drugs, we
performed a subgroup analysis and a random-effects
meta-regression to evaluate the association between
baricitinib-induced elevation of plasma LDL-C and
HDL-C levels with treatment dose and duration.
Between-study heterogeneity was quantitatively

assessed using the I2 index [14], values of 25, 50, and
75% presented as mild, moderate, and high heterogen-
eity. Potential publication bias was explored by visual in-
spection of funnel plots for asymmetry [15] and
statistical evaluation with Begg’s rank correlation test
[16] and Egger’s linear regression test [17]. Two-tailed α
level of significance was set at 0.05.
All statistical analyses were performed with Review

Manager Version 5.3 (The Nordic Cochrane Center,
Copenhagen, Denmark) and STATA/SE.12.0 (StataCorp,
College station, Texas, USA).

Results
Baseline characteristics of included trials
After a critically reviewed the title, abstract and full text
according to the predefined criteria, six trials were finally
included in the current meta-analysis, including four III
phases trials (BRA-BUILD, RA-BEGIN, RA-BEACON
and RA-BEAM) and two II phases trials (NCT01469013
and NCT01185353). Flow diagram of study selection
process is presented in Fig. 1. Except one trial performed
as single center study [18], all the rest are multicenter
studies. A total of 3552 RA patients were randomized
into 5 arms: control, and baricitinib with different dose
(1 mg, 2 mg, 4 mg and 8mg). Among them, 78% of pa-
tients were female (n = 2788). Except one trial that in-
cluded the patients with a short RA duration (ranged
from 1.3~1.9 years) and receiving no prior DMARDs
therapy, the rest patients had a long RA duration (dur-
ation of RA ≥5 years) and has undergone an insufficient
response or intolerance to ≥1 DMARDs. Most patients
(n = 2964) have added a stable background therapy in-
cluding any DMARDs in addition to the placebo or bari-
citinib, there are 588 patients who received no
background therapy. Follow-up duration ranged from
12~52 weeks. More details of study characteristics were
presented in the Table 1, and the characteristics of in-
cluded studies for analysis of other JAK inhibitors were
displayed in Additional file 3.

Baricitinib induces LDL-C and HDL-C increases in patients
with RA
To systematically and completely evaluate the effect of
baricitinib on LDL-C, we compared net change scores of
LDL-C levels in patients with baricitinib treatment to
this in patients with placebo (Fig. 2a). Pooled results
showed that baricitinib significantly increased the levels
of serum LDL-C after treatment for 6~52 weeks regard-
less of the previous treatment (DMARDs-naïve or resist-
ant) when compared with placebo, the net mean change
was 13.15 mg/dl (95% CI, 8.89~17.42, I2 = 0), even ad-
justed the potential confounders, the net change scores
which presented as net LSM remained significantly (net
LSM, 11.94 mg/dl, 95% CI, 7.52~16.37, I2 = 84%).Similar
to LDL-C, HDL-C increased obviously in RA patients
seen after baricitinib treatment (Fig. 2b), with the net
LSM change was 7.19 mg/dl (95% CI, 6.05~8.33, I2 =
47%) and net mean change was 5.40 mg/dl (95% CI,
3.07~7.74, I2 = 10%). Sensitivity meta-analysis showed
these pooled results of net LSM change of LDL-C (Add-
itional file 4: A) and HDL-C (Additional file 4: B) were
robust with no significant change by any single study,
but the heterogeneities have greatly reduced after ex-
cluded one study, while the I2 reduced to 52% from 84%
in the estimation of LDL-C change and the I2 reduced to
0 from 47% (Additional file 5).
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In additional, we also estimated the effect of the other
JAK inhibitors on LDL-C (Additional file 6) and HDL-C
levels (Additional file 7) in patients with RA. Summary
data showed that tofacitinib (pan-JAK inhibitor) and
decernotinib (selective JAK3 inhibitor) had much stron-
ger effect on LDL-C increase with the net mean change
of 16.84 mg/dl (95% CI, 10.31~23.36) and 15.44 mg/dl
(95% CI, 6.58~24.31), respectively. Filgotinib (selective
JAK1 inhibitor) moderately increased LDL-C level with
the net mean change of 9.59 mg/dl (95% CI, 3.61~15.57).
Surprisingly, results demonstrated peficitinib (mainly
moderately inhibits JAK3) did not have obvious effect on
LDL-C levels (net mean change, 0.77 mg/dl, 95% CI, −
0.47~2.01). As for the assessment of HDL-C levels, the
net mean changes for tofacitinib, decernotinib and filgo-
tinib were 8.09 mg/dl (95% CI, 5.40~10.79), 3.25 mg/dl
(95% CI, 1.00~7.51) and 4.24 mg/dl (95% CI, 0.69~7.78),
respectively. Of note, peficitinib significantly increased
HDL-C levels (net mean change, 6.64 mg/dl, 95% CI,
0.72~12.57), other than its effect on LDL-C.

Baricitinib-induced increases of LDL-C and HDL-C are
mainly associated with treatment dose
Baricitinib was recently approved for RA treatment.
However, baricitinib 4 mg was not permitted in USA
now. In this section, we mainly focused on the potential
dose- and time -dependent response on LDL-C and
HDL-C levels. Figure 3a and b presented the LSM
change of LDL-C and HDL-C for placebo, baricinitib 2
mg and 4mg at the week 12, 24, 52, respectively. It
seemed that the increased LDL-C and HDL-C levels
which induced by baricitinib were more related to treat-
ment dose than that related to treatment duration. We
further performed a subgroup analysis of LDL-C change
(Fig. 3c) and HDL-C change (Fig. 3d) stratified by treat-
ment duration and treatment dose. We observed that
the net LSM changes of LDL-C for baricinitib 2 mg and

4 mg compared to placebo was increased as the treat-
ment duration was extended (12-week to 52-week), how-
ever, the net LSM change of HDL-C remained stable
across baricinitib 2 mg and 4mg from week 12 to week
52.
When compared to placebo, the net change scores of

LDL-C (Fig. 3c) and HDL-C (Fig. 3d) for baricinitib 4
mg was much higher than that for baricinitib 2 mg not
only at week 12 but also at week 24. We further com-
pared baricitinib 4 mg with 2mg, net LSM change of
LDL-C was 4.34 mg/dl (95% CI, − 2.34~11.03) and 5.74
mg/dl (95% CI, 0.16~11.32) at week 12 and week 24,
and the net mean change of LDL-C was 2.36 mg/dl (95%
CI, − 5.36~10.08) at week 12; net LSM change of
HDL-C was 1.58 mg/dl (95% CI,0.04~3.12) and 2.85 mg/
dl (95% CI,0.96~4.75) at week 12 and week 24, and the
net mean change of HDL-C was 4.20 mg/dl (95%
CI,-0.02~8.42) at week 12.
Random–effects meta-regression suggested a signifi-

cant association between baricitinib-induced elevation of
LDL-C and HDL-C level with treatment dose [LDL-C
(Fig. 4a): adjusted R2 = 23.6%, slope = 7.01, 95% CI,
1.64~12.38; HDL-C (Fig. 4b): adjusted R2 = 34.64%,
slope = 5.17, 95% CI, 2.92~7.43)]. But no significant as-
sociation was found between LDL-C and HDL-C eleva-
tion with duration of treatment (data not show).

Cardiovascular risk assessment of baricitinib treatment in
patients with RA
Aimed to assess the CV risk of baricitinib treatment,
first, we calculated the risk of MACE in patients with
baricitinib treatment compared to placebo or the other
active agents (MTX and adalimumab). As showed in Fig.
5a, pooled RR was 1.08 with 95% CI 0.10 to 11.42 (bari-
citinib vs. placebo), 3.03 with 95% CI 0.28 to 33.19 (bari-
citinib vs. MTX) and 0.74 with 95% CI 0.07 to 8.10
(baricitinib vs. adalimumab), but no statistically

Fig. 1 Flow diagram of study selection process
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significant was found across all comparations. Further-
more, we observed no significant differences of CV risk
scores at week 12 (both for Framingham risk score and
Reynolds risk score) between the baricitinib and placebo
group (Fig. 5b).

Bias assessment
Overall risk of bias was ranked as low in included trials
(Additional file 8). There was no obvious publication
bias was assessed by visual inspection of funnel plots for
asymmetry (Fig. 6) and through Begg’s rank correlation
test (p values for LDL-C and HDL-C estimation were
0.36, 0.17, respectively) and Egger’s linear regression test

(p values for LDL-C and HDL-C estimation were 0.34,
0.07, respectively).

Discussion
The salient findings of this meta-analysis of 6 ran-
domized controlled trials (RCTs) including 3552 ran-
domized patients with RA can be listed as follows.
First, baricitinib treatment regardless of 2 mg and 4
mg significantly induces LDL-C and HDL-C increases
in patients with RA when compared with placebo
both at week 12, 24 and 52. Second,
baricitinib-induced increased in LDL-C and HDL-C
were strongly associated with the treatment dose but
not with the treatment duration, suggesting a dose -

Fig. 2 Funnel plot of the effect of baricitinib on LDL-C levels and HDL-C levels.Net change scores of LDL-C and HDL-C levels were pooled with
the comparation of baricitinib versus placebo. a Pooled estimates of net change score of LDL-C level; b Pooled estimates of net change score of
HDL-C level. Notes, ES, effect size; LSM, least squares mean
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response manner of baricitinib in inducing LDL-C
and HDL-C increases. Third, there was no significant
differences of CV risk between baricitinib and placebo
groups during the follow-up of 52 weeks.

Patients with RA are strongly associated with in-
creased risk of CV disease which could hardly be fully
explained by traditional risk factors [6]. Further adding
to the confusion, active RA present a fall in both LDL-C

Fig. 3 Subgroup analyses sorted by treatment dose and duration. a and b LSM changes of LDL-C and HDL-C levels across placebo, baricitinib
2 mg and 4mg from week 12 to week 24 to baseline. Values presented as LSM ± SE. vs. placebo, *** p < 0.001; c Subgroup analysis of LDL-C
changescores; d Subgroup analysis of HDL-C change scores. Notes, Bari, baricitinib; WMD, weighted mean difference; LSM, least squares mean. SE,
standard error
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Fig. 4 Meta-regression of the association between baricitinib dose and elevated LDL-C (a) and HDL-C levels (b)

Fig. 5 Pooled estimates of the relative risk of the incidence of major cardiovascular events (a) and the differences of cardiovascular risk scores (b)
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and HDL-C levels which called “lipid paradox”- de-
creased lipids and increased CV risk [19]. Systemic in-
flammation is proposed to play a role in the increased
CV risk and also in the altered lipid metabolism associ-
ated with RA [19]. Anti-inflammatory therapy with
TNFα-inhibitor (adalimumab) induced an elevation of
LDL-C and HDL-C mildly seen after treatment, confirm-
ing the potential role of inflammation in lipid metabol-
ism [20]. Results of the current study also showed that
various JAK inhibitors except to peficitinib all lead to an
elevation both of LDL-C and HDL-C levels. Of note,
these increases induced by JAK inhibitors were much
higher than those induced by adalimumab, studies also
demonstrated that adalimumab-induced lipids level is
transient [21] while JAK inhibitors-induced LDL-C and

HDL-C elevation lasted for the full period of treatment,
these results suggesting that suppression of inflamma-
tion just partially underlies the increases in lipids levels,
factors specific to different treatment may have a strong
influence on the degree and pattern of lipid profile
change. Even across the various JAK inhibitors, the
change levels of LDL-C and HDL-C were much different
from each other. Among them, tofacitinib (a pan-JAK
inhibitor), the first JAK inhibitor, had the strongest in-
creases both in LDL-C and HDL-C levels. Baricinitib (in-
hibitor of JAK1 and JAK2), newly licenced for the
treatment of RA, also lead to significant elevation of
LDL-C and HDL-C. Surprisingly, peficitinib, moderate
selectivity for JAK-3 inhibition, obviously increased
HDL-C level but had no change in LDL-C levels,

Fig. 6 Funnel plot of baricitinib and LDL-C level (a) and HDL-C level (b)
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providing some additional insight for understanding the
role of different JAK signaling in cholesterol metabolism.
In additional, the activation of JAK signaling are demon-
strated that involved in the pathological process of many
cancers [22, 23]. Epidemiological studies showed that
lipids level including total cholesterol (TC), LDL-C and
HDL-C all much lower in these patients with cancer
than those in general population [24]. Though these
sighs could not confirm the direct link between JAK ac-
tivation and lower levels of lipids, this information have
raised our awareness regarding whether JAK signaling
pathway involved in cholesterol metabolism.
Baricinitib, a selectively inhibitor for JAK1 and JAK2, has

been approved for RA treatment in European Union and
Japan in 2017 [4]. Recently, considering the insufficient
clinical safety data, just baricinitib 2mg but not 4mg was
approved for RA treatment in USA. In the current study,
we explored the dose-response of baricinitib on lipids
changes, both subgroup studies stratified by dose and
meta-regression all demonstrated consistent results that
baricinitib lead to a stable dose-dependent increases in
LDL-C and HDL-C levels. Particularly, baricinitib-induced
LDL-C change gradually increased as the extended dur-
ation of treatment (week 12 to 52), however, the HDL-C in-
crease was similar at the point of week 12, 24 and 52,
suggesting the LDL-C elevation was associated with barici-
nitib dose and treatment duration but HD-C elevation was
mainly associated with dose.
RA is an independent risk factor for CV disease [25].

However, the following are some questions needing
evaluation in the changed lipids and CV risk field: (i)
whether the increased LDL-C level further increased the
risk of CV disease in patients with RA; and (ii) whether
the increased HDL-C perform a protective role against
CV disease. Particularly, it should also be mentioned
that CV risk is not only dependent on a particular chol-
esterol level, but also is strongly depend on the compos-
ition of lipoporteins [26], which is not routinely analyzed
in daily clinical practice. Here we compared the risk of
MACE at the end of treatment, though there was no sig-
nificant differences across the baricitinib, MTX and ada-
limumab, the result should be interpreted with caution
because of short follow-up duration, which is limited to
observe the incidence of CV events. Furthermore, we
calculated the net change of Framingham and Reynolds
CV risk scores at week 12 to estimate the CV risk.
Pooled results also displayed no significant difference
with the comparation of baricitinib versus placebo.
Actually, CV risk is underestimated in the patients
with RA using these calculators [27], indicating that
the CV risk estimation based on the current available
studies could hardly reflect the reality. In this respect,
long-term observational data will be important across
the field.

Some limitations of the current meta-analysis should be
recognized. First, though the stable of dose-response of
baricitinib on LDL-C and HDL-C levels was confirmed,
the underlying mechanism remains further study. Second,
our study was not powered to identify the relationship be-
tween baricitinib-induced lipid changes and CV risk.
Third, the estimation of CV risk of baricitinib remains to
be further confirmed with long-term observation.

Conclusions
This study confirmed that baricitinib induced a stable
dose-response increase in LDL-C and HDL-C levels.
Since the causality association between altered lipids and
CV risk was not identified, however, this issue cannot be
completely dismissed. Further research is needed to fully
dissect the consequences of these lipid changes and how
baricitinib modulate cholesterol metabolism.
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