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Abstract

Background: The magnitude of risk of serious infections due to available medical therapies of inflammatory bowel
disease (IBD) remains controversial. We conducted a systematic review and network meta-analysis of the existing IBD
literature to estimate the risk of serious infection in adult IBD patients associated with available medical therapies.

Methods: Studies were identified by a literature search of PubMed, Cochrane Library, Medline, Web of Science, Scopus,
EMBASE, and ProQuest Dissertations and Theses. Randomized controlled trials comparing IBD medical therapies with
no restrictions on language, country of origin, or publication date were included. A network meta-analysis was used to
pool direct between treatment comparisons with indirect trial evidence while preserving randomization.

Results: Thirty-nine articles fulfilled the inclusion criteria; one study was excluded from the analysis due to
disconnectedness. We found no evidence of increased odds of serious infection in comparisons of the different
treatment strategies against each other, including combination therapy with a biologic and immunomodulator
compared to biologic monotherapy. Similar results were seen in the comparisons between the newer biologics
(e.g. vedolizumab) and the anti-tumor necrosis factor agents.

Conclusions: No treatment strategy was found to confer a higher risk of serious infection than another, although
wide confidence intervals indicate that a clinically significant difference cannot be excluded. These findings
provide a better understanding of the risk of serious infection from IBD pharmacotherapy in the adult population.

Prospero registration: The protocol for this systematic review was registered on PROSPERO (CRD42014013497).

Keywords: Inflammatory bowel disease, IBD pharmacotherapy, Infection, Network meta-analysis

Background

Inflammatory bowel disease (IBD) typically requires life-
long medical care for adequate disease management.
Medical therapies for IBD include anti-inflammatories
such as mesalamine or sulfasalazine, antibiotics, cortico-
steroids, immunomodulators, and biologic medications,
all of which may be used alone or in combination. Each

* Correspondence: wheatc@uw.edu

'Department of Health Services, School of Public Health, University of
Washington, 1959 NE Pacific Street, Magnuson Health Sciences Center, Room
H-680, Box 357660, Seattle, WA, USA

“Division of Gastroenterology, Department of Medicine, University of
Washington, Seattle, WA, USA

Full list of author information is available at the end of the article

( BioMVed Central

treatment strategy carries the risk of adverse effects and
may not adequately manage the patient’s disease.
Corticosteroids, immunomodulators, and biologic
medications in particular can have significant adverse
effects, possibly including a higher risk of infection.
Reactivation of latent infections, such as tuberculosis, is
of specific concern with biologic medications [1]. Previ-
ous estimates of the proportion of IBD patients with any
infection (not limited to serious) following treatment
with these medications range from 0.5-30.0%; however
there is inconsistency in the reporting of infectious out-
comes in the published literature, making the true inci-
dence of infection difficult to determine [2]. In addition,
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there is conflicting evidence as to whether combinations
of therapies modify the risk for serious infection [3-6].
Furthermore, serious infections in particular are relatively
rare, and large cohorts of treated patients are required to
determine the incidence for specific medications [2].
Lastly, many of these therapies have never been compared
directly to each other in the existing literature.

Understanding the risk for infections associated with IBD
pharmacotherapy is a crucial consideration for providers
and patients. The aim of this study is to estimate the risk of
serious infection from currently available medical therapies
in adult IBD patients through a systematic review and net-
work meta-analysis of randomized controlled trials (RCTs).
Unique to this study, we compare the risks of serious infec-
tion for the different IBD therapies and combinations of
therapies, even in situations where medications have not
been directly compared in previous studies.

Methods

Literature search

A detailed literature search was conducted to identify all
published and unpublished RCTs of IBD pharmacother-
apies in adult patients. Due to the heterogeneity in treat-
ment and outcome reporting, observational studies (i.e.
cohort, case-control) were excluded from this analysis.
The classes of medications included in the search were cor-
ticosteroids (e.g. budesonide, prednisone); immunomodula-
tors (e.g. azathioprine, 6-mercaptopurine, methotrexate);
anti-inflammatories (e.g. mesalamine, sulfasalazine);
antibiotics (e.g. rifaximin); and biologics (e.g. infliximab,
adalimumab, certolizumab pegol, golimumab, ustekinumab,
vedolizumab). We searched the PubMed, Cochrane Library,
Medline, Web of Science, Scopus, EMBASE, and ProQuest
Dissertations and Theses databases. Reference lists of pub-
lished articles were hand searched for secondary sources,
and experts in the field contacted for unpublished data.
Furthermore, ClinicalTrials.gov, the WHO International
Clinical Trial Registry, and scientific information packets of
approved IBD pharmacotherapies were scrutinized for
additional information sources. No restrictions on lan-
guage, country of origin, or publication date were
used. The duration of investigational treatment and
follow-up were required to be at least six weeks each.
The date of the final literature search was 17 March 2015.
Figure 1 outlines the literature search (Additional file 1:
Table S1). The protocol for this systematic review was
registered on PROSPERO (CRD42014013497) and can
be accessed at: http://www.crd.york.ac.uk/PROSPERO/
display_record.asp?ID=CRD42014013497

Inclusion and exclusion criteria

All RCTs that reported odds ratios (ORs) or provided in-
formation sufficient to accurately calculate ORs for ser-
ious infection in adult IBD patients were included.
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Serious infections were defined per the US Food and
Drug Administration’s guidelines [7] as one that results
in death, is life-threatening, results in hospitalization or
prolongs hospitalization, causes disability or permanent
damage, or is considered by the reporting investigator as
an event that requires medical or surgical intervention
to avoid one of these specified outcomes. Studies focus-
ing on pediatric populations, those with incomplete
reporting of serious adverse events, those without a
comparison group (open-label trials), those of treatment
duration and length of follow up less than 6 weeks each,
and those not written in English and unable to be trans-
lated to English were excluded. If publications reported
duplicate data on a population, only the publication with
the longest follow-up period was included.

Data collection and quality assessment

Two independent reviewers (CW and KCS) examined
each article for inclusion according to the eligibility cri-
teria. Any disagreement was resolved through discussion
and consensus. Thirty-nine articles fulfilled the inclusion
criteria (Fig. 1) [5, 8-45].

We retrieved demographic (where possible) and out-
come data for each included article using standardized
forms. Individual studies were assigned a bias risk rating
using the Cochrane Collaboration’s Risk of Bias Assess-
ment Tool [46]. The strength of evidence was assessed
utilizing The Grades of Recommendation, Assessment,
Development, and Evaluation (GRADE) approach specif-
ically designed for network meta-analysis [47].

Statistical analysis

A network meta-analysis (NMA) technique, also known
as mixed treatment comparison methods, was used to
compare the risk of serious infection associated with dif-
ferent medications used to treat IBD. This methodo-
logical framework allowed us to construct a network of
interconnected RCTs from which we could make indir-
ect comparisons between treatments in two trials that
have one treatment in common, even in situations where
treatments have not been directly compared [48-50].
For example, in trial 1 treatment A is compared to treat-
ment B, and in trial 2 treatment B is compared to treat-
ment C. A NMA allows us to make a valid evaluation of
treatment A and treatment C although these two therap-
ies were not directly compared in a single study.
Through the use of a NMA, we were able to preserve
the within trial randomized treatment comparisons, as
well as add information from all of the available indirect
comparisons between therapies [48—50].

The logarithm of the odds ratio (OR) for each trial
and its standard error (SE) were calculated in accord-
ance with the intention to treat principle (ITT) and used
in the NMA. Each arm of the individual trials was


http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42014013497
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42014013497

Wheat et al. BMC Gastroenterology (2017) 17:52

Page 3 of 15

Databases

PubMed
N=323

SCOPUS
N=131

Duplicates
EMBASE
N-t3 p deleted Excluded Excluded
N=445 based on based on full
abstract article
N=619 N=209

Titles assessed for

Abstracts assessed

Full-text articles
assessed for

Full-text articles
fulfilling inclusion

ProQuest
Dissertations and
Theses
N=15

) eligibilit > for eligibilit > o > s
codhrane rry N§5605y N-§61 Y 4 eligibility criteria
- - N=248 N=39
Web ?f Science Article excluded due to
N=4470 v network disconnectedness
N=1
Excluded Articles from
based on title secondary l
it N=4944 sources
ledline
LT N=206 FINAL '
Full-text articles

Fig. 1 PRISMA Flowchart depicting the identification of studies, inclusion, and exclusion assessment

fulfilling inclusion
criteria
N=38

classified according to its primary treatment strategy,
and no adjustments were made for variable medication
dosage. A fixed value of 0.5 was added where no events
were observed in one or both groups of an individual study
in order to avoid computational errors. A multivariate
random-effects logistic regression model using restricted
maximum likelihood (REML) was used to combine esti-
mates. Statistical analysis was performed using Stata SE
version 14 (StataCorp, College Station, TX). We performed
the NMA using the network suite of commands published
by White [51]. Graphs were generated using the published
Stata routines of Chaimani [52].

A crucial consideration in any NMA is the evaluation
of inconsistency, or incoherence. Indirect evidence can
be combined in large samples if the assumption is made
that across treatment comparisons, there are no important
differences in the types of studies contributing to the com-
parisons, or in other words that there is consistency [53].
We assessed inconsistency using a design-by-treatment
interaction model, which allows for the global testing for
the presence of inconsistency in NMAs with multi-arm
studies [53]. In addition to inconsistency, the transitivity

assumption is important to assess in a NMA. The transi-
tivity assumption asserts that it is equally likely that any
patient in the network could have been given any of the
other treatments in the network [47]. As all treatment op-
tions were randomized the transitivity assumption is satis-
fied. Visual assessment of a comparison-adjusted funnel
plot was used to assess for the presence of publication bias
and other small study effects [52]. P-values of <.05 were
considered statistically significant.

Results

Table 1 displays a summary of the trials included in the
NMA. One of the identified trials did not fit into the
connected network because of its treatment comparators
(infliximab + MTX + prednisone and infliximab + prednis-
one), which were not examined in any of the other in-
cluded trials; thus this trial was excluded and thirty-eight
trials were included in the final analysis. Figure 2 illus-
trates the network of RCTs by treatment strategy. Each
node in the network represents a treatment strategy and
the connections signify pairwise treatment comparisons
from the trials included. The size of the node corresponds
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to the number of randomly assigned participants (sample
size), with a larger node signifying a larger sample size.
The width of connecting lines is proportional to the num-
ber of trials comparing each pair of therapies. If there is
no line connecting two nodes, no studies directly com-
pared the two treatments [54].

Table 2 provides the estimated odds of serious infec-
tion for all treatment strategies compared to placebo.
Amongst all therapy contrasts, no statistically significantly
increased odds of serious infection were discovered. How-
ever, the confidence intervals were extremely wide in many
of the comparisons, and a clinically significant increase in
infection risk could not be excluded. (Additional file 2:
Table S2). Table 3 displays the estimates for selected thera-
peutic strategies compared to the anti-tumor necrosis fac-
tor (anti-TNF) biologics including infliximab, adalimumab,
and certolizumab pegol. In the comparison of ustekinumab
with certolizumab pegol there was found to be a lower odds
of serious infection (OR 0.17, 95% CI 0.04—0.67). No statis-
tically significant increased odds of serious infection were
observed for any other treatment comparisons including
those between the specific anti-TNFs agents (i.e. adalimu-
mab vs. infliximab), as well as those between anti-TNF
monotherapy and dual therapy with an immunomodulator
(ie. infliximab alone vs. infliximab + azathioprine/6MP)
(Additional file 3: Table S3).

Furthermore, no statistically significant increased odds
of serious infection were found for any comparison in

contrasting each therapy with the immunomodulators
(azathioprine/6MP and methotrexate) or other com-
monly used therapies such as prednisone, budesonide,
and tacrolimus (Table 4; Additional file 4: Table S4 and
Additional file 5: Table S5). Similar findings were seen
for the newer biologic pharmacotherapies including
natalizumab, ustekinumab, and vedolizumab (Table 4;
Additional file 6: Table S6). Lastly, no increased odds of
serious of infection were found in comparisons of each in-
cluded treatment strategy against other combinations of
therapies such as methotrexate/prednisone or azathio-
prine/6MP + prednisone (Additional file 7: Table S7). How-
ever again, the confidence intervals were extremely wide in
many of the comparisons, and a clinically significant in-
crease in infection risk could not be excluded.

In the design-by-treatment interaction model, no evi-
dence of inconsistency was found (chi*2 =0.25, p =.99).
Visual assessment of a comparison-adjusted funnel plot
did not reveal any evidence of publication bias or other
small study effects. Although the included studies were
randomized, there were low rates of completed follow-up
as well as selective cross over amongst therapy groups
in many trials contributing to a high risk of bias. In
addition, although the transitivity assumption was sat-
isfied through randomization, there may remain dif-
ferences in the study populations that modify the
effect, thus, the overall quality of the body of evi-
dence per the GRADE approach is low.
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Table 2 Estimated odds of serious infection for treatment strategies compared to placebo

Treatment strategy Comparator Odds ratio Standard error 95% Confidence interval

Infliximab Placebo 1.36 045 0.57 327
Adalimumab Placebo 0.77 036 038 1.56
Certolizumab pegol Placebo 237 0.50 0.88 6.38
Natalizumab Placebo 0.80 040 037 1.73
Ustekinumab Placebo 040 049 0.16 1.05
Vedolizumab Placebo 0.75 038 036 1.58
Golimumab Placebo 1.71 067 046 631
Methotrexate Placebo 0.52 1.28 0.04 6.34
Azathioprine/6MP Placebo 143 0.61 043 4.76
Prednisone Placebo 1.92 0.85 036 1021
Budesonide Placebo 1.99 1.65 0.08 5097
Aminosalicylate Placebo 137 140 0.09 2147
Antibiotic Placebo 1.01 1.07 0.12 8.34
Tacrolimus Placebo 1.19 202 0.02 6232
Methotrexate + prednisone Placebo 294 145 0.17 5023
Azathioprine/6MP + prednisone Placebo 237 1.76 0.07 75.25
Aminosalicylate + prednisone Placebo 732 241 0.06 83234
Budesonide + prednisone Placebo 1.89 218 0.03 135.88
MMF + prednisone Placebo 4.14 207 0.07 241.50
Infliximab + azathioprine/6MP Placebo 1.10 0.65 0.31 3.97
Azathioprine/6MP + aminosalicylate Placebo 1.35 211 0.02 83.66
Natalizumab + inflximab Placebo 0.71 2.06 0.01 40.65
Infliximab + azathioprine/6MP + prednisone Placebo 0.32 233 0.00 3040

Abbreviations: 6MP 6-mercaptopurine, MMF mycophenolate mofetil

Discussion

In this network meta-analysis (NMA), we combined
clinical trial data from thirty-eight published articles that
included twenty-four different treatment strategies for
IBD. These results summarize the risk of serious infec-
tion from available RCTs of commonly prescribed IBD
pharmacotherapies. The study overcomes some of the
limitations from previous studies by applying a universal
definition for serious infection and examining large co-
horts of treated patients from RCTs. Furthermore, the
NMA technique allows for investigation of multiple
therapies, including combinations of therapies, which
have not been previously compared directly.

Our results show that no treatment strategy exhibits a
higher odds of serious infection than another (including
placebo), although in many cases the confidence intervals
were wide, likely due to the small number of studies
examining specific therapies available, and thus did not
exclude a clinically significant increase in risk. Of particu-
lar interest, patients treated with dual immunosuppression
with biologic medications and immunomodulators do not
appear to be at higher risk of serious infection compared
to those treated with biologic monotherapy, at least in the

short-term. This lends additional support towards the
safety of combination therapy as a viable treatment strat-
egy, especially for those patients who are at high risk of
antibody formation and subsequent loss of response from
some biologic therapies. Our results are in contrast to
those reported by Toruner et al. who showed an increased
risk of opportunistic infections among patients treated
with combination therapy in a retrospective case—control
study [4]. This discrepancy is likely due to differences in
study design and patient populations, as our meta-analysis
is limited to patients enrolled in RCTs. First, the Toruner
study could not assess disease severity; thus medication
use could be a marker for disease severity rather than a
true risk factor for infection. Second, patients who are eli-
gible to be enrolled in an RCT are extensively screened for
infection and other comorbidities prior to enrollment and
followed more closely than in clinical practice. It is pos-
sible that this additional scrutiny both selected out pa-
tients who were more prone to infection and/or modified
their risk for development of infection sometime during
the trial period. Furthermore, the patients in the Toruner
study were from one academic medical center and results
may not be generalizable to other settings.
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Table 3 Estimated odds of serious infection for selected® treatment strategies compared to anti-tumor necrosis factor biologics

Treatment strategy Comparator Odds ratio Standard error 95% Confidence interval

Adalimumab Infliximab 0.57 057 0.18 1.74
Certolizumab pegol Infliximab 1.74 067 047 6.53
Natalizumab Infliximab 0.58 0.60 0.18 1.88
Ustekinumab Infliximab 030 0.66 0.08 1.08
Vedolizumab Infliximab 0.55 0.58 0.18 1.74
Golimumab Infliximab 1.26 0.80 0.26 6.05
Infliximab + azathioprine/6MP Infliximab 0.81 0.50 0.30 2.17
Infliximab + azathioprine/6MP + prednisone Infliximab 0.23 2.29 0.00 20.82
Certolizumab pegol Adalimumab 3.08 0.62 091 10.37
Natalizumab Adalimumab 1.03 0.54 0.36 294
Ustekinumab Adalimumab 0.52 0.60 0.16 1.71
Vedolizumab Adalimumab 0.98 052 035 271
Golimumab Adalimumab 222 0.76 0.50 9.78
Natalizumab Certolizumab pegol 034 0.64 0.10 1.18
Ustekinumab Certolizumab pegol 0.17 0.70 0.04 067
Vedolizumab Certolizumab pegol 032 063 0.09 1.09
Golimumab Certolizumab pegol 0.72 0.84 0.14 371

Abbreviations: 6MP 6-mercaptopurine, MMF mycophenolate mofetil
2Other group comparisons can be found in Additional file 3: Table S3

We found no evidence of a higher odds of serious infec-
tion from the newly available biologic therapies, such as
vedolizumab and ustekinumab, compared to the anti-
tumor necrosis factor (anti-TNF) biologic agents (or to one
another). Given the growing number of patients who have
lost response or who are intolerant to anti-TNFs, these
findings are reassuring. Furthermore, we specifically looked
at the comparison of those on triple immunosuppression
(ie. biologic + immunomodulator + steroid) versus those
on combination therapy or biologic monotherapy, and
similar results were found. Of note, we did observe a trend
towards increased risk for serious infection with prednis-
one treatment, either as monotherapy or combined with

other therapies. This trend was not statistically significant
in any of the comparisons; however it is consistent with
the existing evidence of the association of prolonged cor-
ticosteroid use and infection [4].

Previous estimates of the risk of serious infection re-
lated to IBD therapy vary widely, and the absolute risk is
difficult to quantify. The SONIC trial assessed the rela-
tive risk of serious infection from azathioprine alone,
infliximab alone, and azathioprine and infliximab to-
gether (combination therapy), and the authors found no
statistically significant differences among the groups [5].
In addition, the absolute risk of serious infection was
low in each group: azathioprine (5.6%), infliximab

Table 4 Estimated odds of serious infection for selected® treatment strategies of interest

Treatment strategy Comparator Odds ratio Standard error 95% Confidence interval

Azathioprine/6MP Methotrexate 275 142 0.17 44.07
Prednisone Azathioprine/6MP 1.34 0.76 0.30 5.96
Infliximab + azathioprine/6MP Azathioprine/6MP 0.77 0.50 0.29 2.06
Ustekinumab Natalizumab 0.51 063 0.15 1.73
Vedolizumab Natalizumab 0.95 0.55 032 276
Golimumab Natalizumab 215 0.77 047 9.82
Vedolizumab Ustekinumab 1.87 061 0.56 6.22
Golimumab Ustekinumab 4.24 0.82 0.84 2132
Golimumab Vedolizumab 227 0.76 051 10.16

Abbreviations: 6MP 6-mercaptopurine

@Other group comparisons can be found in Additional files 1, 2, 3, 4, 5,6, and 7
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(4.9%), and combination therapy (3.9%) over a mean
follow-up of 125.7 patient-years [5]. In contrast, a case
control study at the Mayo Clinic found an increased risk
of serious infection from combination therapy compared
to infliximab monotherapy, as well as an increased odds
of serious infection from infliximab, corticosteroids, and
azathioprine/6MP alone compared to no medication [4].
Although these two well-known studies have conflicting
results, the differences have been explained as likely due
to the different patient populations [55]. Crohn’s disease
(CD) is associated with more disease related infectious
complications (e.g. abscesses) than ulcerative colitis (UC),
but it is unclear if the risk of infectious complications dif-
fers between CD and UC. Our study, like many, did not
examine CD and UC separately as we combined the two
conditions in order to maximize the number of patients
available for the analysis. In addition, the two conditions
are often difficult to distinguish and there is significant
overlap between the treatment paradigms.

In a recently published update to the ENCORE registry
study, D’Haens et al. report an increased risk of serious in-
fection among CD patients treated with infliximab com-
pared to other IBD therapies [56]. Although the relative
risk of serious infection was higher among those treated
with infliximab or combination therapy, the absolute risk
of infection remained low. The differences again are likely
due to differing patient populations and our examination
of CD and UC combined. Our results are comparable to
the existing literature, in particular the SONIC trial, and
suggest that the shorter-term risk of serious infection from
IBD pharmacotherapy is low.

Our findings do have some limitations. First, we only
included data from RCTs due to the added heterogeneity
non-randomized studies would contribute to the ana-
lysis, as well as the desire to preserve the benefits of
randomization in our analysis. This limits the external val-
idity and representativeness of our findings, especially given
the strict entry criteria for these trials. Patients with comor-
bidities or other characteristics excluded from these studies
may be at higher risk of serious infections from IBD
pharmacotherapy than those included in our study popula-
tions. Second, RCTs are not specifically designed or pow-
ered to investigate adverse events such as serious
infections; thus we may underestimate the true association
of these therapies with serious infection, a limitation that is
not overcome by pooling evidence in a meta-analysis.
Third, there was variable length of treatment and follow up
among the included studies, which may underestimate the
risk of serious infection. Many of the included trials had
short follow-up duration and did not include details on the
time to development of the infections, so longer-term risk
of these therapies were not quantified. In a recently
published article, the median time to the development
of active tuberculosis after initiation of an anti-TNF
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was approximately three months, which lends support
to the possibility that the true risk of serious infection
could be underestimated in published RCTs; however
the average duration of the RCTs included in this
meta-analysis was 37 weeks, thus we expect that the in-
cluded studies would have detected a large proportion of
cases of tuberculosis [57]. However, this does not exclude
the possibility that other serious infections with longer
time to development were underreported. Fourth, the dir-
ect estimates for some therapeutic strategies are based on
a single study due to the lack of available trial data. Fifth,
RCTs investigating the newer biologics (e.g. vedolizumab,
ustekinumab) have been published since the last literature
search and are not included in this meta-analysis, which
may influence our results. Lastly, traditional limitations of
meta-analyses due to variations in the treatment regimens,
in the study populations, and in the conduct of the indi-
vidual trials may bias our estimates, the direction of which
is indeterminable.

Despite these limitations, this study provides crucial in-
formation regarding one of the most clinically significant
risks of interest associated with IBD pharmacotherapy.
Our findings are robust in terms of the low estimate of in-
consistency for our model and the completeness of the lit-
erature search of studies for inclusion. As additional data
becomes available regarding IBD therapies, this informa-
tion can be added to the network to increase our confi-
dence in the estimates.

Conclusions

Our results add to the body of evidence regarding risks
and benefits of IBD pharmacotherapy, and suggest that
commonly used therapies are not associated with in-
creased risk of serious infections in the first several
months of treatment, although confidence intervals were
wide for many comparisons; thus a clinically significant
difference cannot be excluded. Further, long-term stud-
ies using larger cohorts will supplement these findings
and increase the generalizability of these results.
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