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Corticosteroid-Free Remission vs Overall Remission in Clinical 
Trials of Moderate–Severe Ulcerative Colitis and Crohn’s Disease
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Background: We summarized the protocol-specified corticosteroid tapering regimens in clinical trials of moderate–severe ulcerative colitis (UC) 
and Crohn’s disease (CD) and calculated differences in rates of clinical remission vs corticosteroid-free clinical remission (CSF-CR).

Methods: Through a systematic literature review through February 28, 2019, we identified 16 randomized controlled trials (RCTs) of biologics 
or small molecules in patients with moderate–severe UC or CD who reported CSF-CR as an outcome. We estimated the relative risk and 95% 
confidence interval of achieving CSF-CR vs overall clinical remission in patients treated with active intervention or placebo through random-
effects meta-analysis.

Results: Across trials of UC (11 trials) and CD (5 trials), a median of 53% and 49% of participants were on corticosteroids at the time of trial 
entry, respectively. Participants were allowed to enter trials at a median corticosteroid dose (range) of 35 (20–40) mg/d. Doses were kept stable 
for a median (range) of 8 (5–10) weeks during induction therapy, after which a mandatory and structured taper was implemented, albeit with the 
investigators’ discretion depending on clinical status. Pooled rates of CSF-CR in patients with UC and CD treated with placebo were 9.7% and 
19.1%, respectively. In UC and CD trials, the rate of CSF-CR was 24% and 18% lower than the rate of overall clinical remission, respectively.

Conclusions: Protocol-specified corticosteroid tapering regimens vary across trials. These findings will help to inform the design and  
interpretation of future clinical trials and highlight the need for standardization.
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INTRODUCTION
Corticosteroids are potent, nonselective systemic anti-in-

flammatory drugs frequently used for acute management of 
symptoms in patients with ulcerative colitis (UC) and Crohn’s 
disease (CD). Although effective for induction of clinical re-
mission, they are not as effective as maintenance agents and are 
inherently associated with systemic toxicities including mood 
changes, insomnia, polyphagia and weight gain, and increased 
risk of infection.1 Long-term use of corticosteroids is associ-
ated with additional side effects including bone loss and risk of 
osteoporosis, glaucoma, increased risk of diabetes and cardio-
vascular diseases, thromboembolism, poor wound healing, and 
increased risk of mortality. Hence, avoidance of corticosteroids 
is an important patient- and physician-preferred treatment goal 
for managing UC and CD in clinical practice.

Clinical trials of UC and CD typically enroll patients 
with moderately to severely active disease, of whom a substan-
tial proportion will require corticosteroids to manage their 
disease at the time of trial entry. Management of corticoster-
oids during a clinical trial is important for two main reasons. 
First, corticosteroids can mask clinical symptoms of active di-
sease and can thus influence the end point of clinical remis-
sion. Second, corticosteroid-free clinical remission (CSF-CR) 
is sometimes used as a primary or secondary end point in clin-
ical trials. Thus, the corticosteroid tapering regimens should 
be transparently documented within clinical trials and ideally 
be consistent across trials to enable fair comparisons across 
studies. In a prior synthesis evaluating outcomes reported in 
clinical trials of CD, complete tapering off  corticosteroids was 
required for the definition of clinical response or remission in 
13 induction (16.0%) and 20 maintenance (45.5%) trials.2 In this 
study, we aimed to synthesize how corticosteroids are handled 
in clinical trials of biologics, and we targeted small molecules in 
patients with moderate to severe UC and CD. In addition, we 
calculated differences between CSF-CR and overall clinical re-
mission, along with pooled rates of CSF-CR in patients treated 
with placebo. This information would be helpful in the design 
and interpretation of ongoing and future clinical trials in the 
field and in the development of a core outcome set.

METHODS
This systematic review followed the Preferred Reporting 

Items for Systematic Reviews and Meta-Analysis (PRISMA) 
standards and followed an a priori protocol.3

Selection Criteria
Studies included in this meta-analysis were placebo-

controlled phase II or III RCTs in adults (age >17 years) with 
moderate to severe UC or CD treated with biologic agents 
(anti-TNF agents, anti-integrin agents, anti-interleukin-12 and/
or -23) or targeted small molecules (janus kinase inhibitors, 

sphingosine-1 phosphate receptor agonist) that also reported 
rates of both CSF-CR and overall clinical remission.

We excluded the following studies: (1) active comparator 
trials without a placebo arm; (2) trials that did not report how 
corticosteroids were tapered and did not report CSF-CR or 
clinical remission as an outcome; (3) trials of probiotics, anti-
biotics, 5-aminosalicylates or sulfasalazine, thiopurines, meth-
otrexate, tacrolimus, cyclosporine, complementary therapy, and 
trials of hospitalized patients with severe or fulminant IBD; 
and (4) pediatric studies.

Search Strategy
We originally searched MEDLINE (1948–2017), 

EMBASE (1947–2017), and the Cochrane Central Register of 
Controlled Trials (1994–2017), without language restrictions, 
from inception to March 1, 2017. The original search was sub-
sequently updated to February 28, 2019. The key search terms 
were derived to identify clinical trials (including concepts of 
blinding, randomization, and placebo control) in patients with 
IBD of any disease extent. Key search terms were then com-
bined using Boolean operators. The detailed search strategy is 
outlined in Supplementary Tables 1 and 2. Two study investi-
gators (S.S. and J.G.) independently reviewed the title and ab-
stract of studies identified in the search to exclude studies that 
did not address the research question of interest on the basis 
of prespecified inclusion and exclusion criteria. The full text 
of the remaining articles was examined to determine whether 
it contained relevant information. Conflicts in study selec-
tion at this stage were resolved by consensus, referring back to 
the original article, in consultation with a senior investigator. 
Second, we searched the bibliographies of these selected ar-
ticles, systematic reviews, and clinical trial registries (www.
clinicaltrials.gov) to identify any additional studies. Third, 
we conducted a manual search of abstracts from major gas-
troenterology conferences (Digestive Disease Week, American 
College of Gastroenterology annual meeting, Advances in 
Inflammatory Bowel Diseases meeting organized by the Crohn’s 
and Colitis Foundation of America, European Crohn’s and 
Colitis Organization annual meeting, and United European 
Gastroenterology Week) from 2012 to 2018 to identify addi-
tional abstracts on the topic. Finally, we contacted experts in 
the field to identify other unpublished studies.

Data Abstraction and Quality Assessment
Data on study-, participant-, disease-, and treatment-related 

characteristics were abstracted onto a standardized form by 2 au-
thors (S.S. and J.G.) independently, and discrepancies were resolved 
by consensus, referring to the original article, in consultation with 
a third reviewer. We abstracted data on how corticosteroids were 
handled in clinical trials (proportion of patients on corticoster-
oids at trial entry, maximum dose allowed, corticosteroid tapering 

http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izz193#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izz193#supplementary-data
http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
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regime) and rates of CSF-CR vs overall clinical remission in pa-
tients with UC and CD receiving active intervention and placebo. 
Two study investigators (C.M., T.N.) independently rated the 
quality of included studies using the Cochrane Risk of Bias Tool.

Outcomes Assessed
We synthesized data on how corticosteroids were tapered 

across clinical trials, qualitatively and semiquantitatively, as-
sessing what proportion of patients were on corticosteroids at 
trial entry, the maximum dose permitted, and corticosteroid 
tapering protocols (for how long the corticosteroid dose was kept 
stable, taper initiation and ending time points, taper protocol). 
We quantitatively assessed the pooled placebo rate of CSF-CR 
and the rate of CSF-CR vs overall clinical remission in patients 
with UC and CD who received active intervention or placebo. 
Clinical remission across trials was defined as Mayo Clinic Score 
[MCS] ≤2 with no individual subscore of >1 (for patients with 
UC) and Crohn’s Disease Activity Index (CDAI) <150 (for pa-
tients with CD). All analyses were stratified by UC and CD.

Statistical Analysis
We used the random-effects model described by 

DerSimonian and Laird to calculate the relative risk (RR) and 
95% confidence interval (CI) of achieving CSF-CR vs overall 
clinical remission in patients receiving active intervention or 
placebo.4 We assessed heterogeneity between study-specific 

estimates using the inconsistency index (I2) and used cutoffs of 
<30%, 30%–59%, 60%–75%, and >75% to suggest low, mod-
erate, substantial, and considerable heterogeneity, respectively.5 
Due to the small number of studies, a reliable assessment of 
publication bias could not be estimated. All analysis was per-
formed using Comprehensive Meta-Analysis (CMA), version 2 
(Biostat, Englewood, NJ, USA).

RESULTS
In total, 9860 records were identified through the data-

base search through 2017; 5361 citations were screened after 
removing duplicate entries (Fig. 1). After updating the litera-
ture search and screening titles and abstracts, 115 trials were in-
cluded in full-text review. Finally, 16 trials (11 RCTs of UC,6–15 
5 RCTs of CD16–20) were included in the quantitative synthesis. 
Only trials of maintenance therapy reported the end point of 
CSF-CR (only for a subset of patients who were on cortico-
steroids at trial entry); none of the trials of induction therapy 
reported CSF-CR. CSF-CR was the primary end point for only 
3 clinical trials of biologic agents, which did not report overall 
CR and were excluded from quantitative synthesis.21–23 The 
overall risk of bias was low in the included trials.

Corticosteroid Tapering in Clinical Trials
In RCTs of UC (11 trials) and CD (5 trials), a median 

(range) of 53% (28%–81%) and 49% (42%–56%) of participants 

Records identified through 

database searching = 9860

Additional records identified 

through other sources = 0

Records after duplicates removed = 5361

Records screened = 5361

Full texts assessed for 

eligibility = 115

Full texts excluded = 99
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FIGURE 1. Study selection flowsheet.
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were receiving corticosteroids at the time of trial entry, respec-
tively. Participants could enter trials at median corticosteroid 
dose (range) of 35 (20–40) mg/d. After trial entry, cortico-
steroid dose was kept stable for a median (range) of 8 (5–10) 
weeks, generally throughout the duration of induction therapy. 
After that, a structured taper was initiated, which if  enforced 
fully would have allowed corticosteroids to be fully tapered off  
by a median (range) of 17 (14–20) weeks. However, during cor-
ticosteroid taper, if  patients had clinical worsening of disease, 
in most trials investigators were allowed to increase the corti-
costeroid dose back up to the dose used at trial entry (but not 
higher), and then advised to resume the taper within 2–4 weeks. 
However, in clinical trials of tofacitinib, corticosteroid dose es-
calation was not permitted, and patients were deemed treatment 
failures if  they required corticosteroid rescue.15 Once patients 
had then tapered off  corticosteroids, resumption of corticoster-
oids was not allowed. There are limited data on what propor-
tion of patients across trials were tapered off  corticosteroids 
by when, and what proportion were corticosteroid-dependent 
throughout the trial (but still classified as having achieved clin-
ical remission). No data were available on cumulative steroid 
exposure throughout the trial. Tables 1 and 2 details how cor-
ticosteroids were tapered across trials, including the maximum 
allowed dose at trial entry and corticosteroid taper schedule 
and regimen.

Placebo Rate for Corticosteroid-Free Clinical 
Remission

In trials of UC, pooled rates of CSF-CR in patients 
treated with placebo was 9.7% (95% CI, 6.8%–13.6%), as 
compared with an overall rate of clinical remission of 14.2% 
(95% CI, 10.6%–18.7%). In trials of CD, the pooled rate of 
CSF-CR in patients treated with placebo was 19.1% (95% CI, 
11.3%–30.2%), as compared with an overall clinical remis-
sion rate of 25.7% (95% CI, 16.4%–37.7%). As compared with 
rate of overall clinical remission in placebo-treated patients, 
the rate of CSF-CR in placebo-treated patients with UC was 
26% lower (RR, 0.74; 95% CI, 0.56–0.97), with minimal het-
erogeneity (I2  =  0%) and no significant difference by type of 
intervention (P  =  0.33) (Fig. 2). Similarly, as compared with 
the rate of overall clinical remission in placebo-treated patients, 
the rate of CSF-CR in placebo-treated patients with CD was 
25% lower (RR, 0.75; 95% CI, 0.57–0.98), with minimal het-
erogeneity (I2  =  0%) and no significant difference by type of 
intervention (P = 0.96) (Fig. 3). Due to the small number of 
studies available, metaregression to identify factors associated 
with CSF-CR in placebo-treated patients was not reported.

Overall vs Corticosteroid-Free Clinical Remission 
With Active Intervention

In patients with UC (11 trials), the rate of CSF-CR was 
24% lower than the rate of overall clinical remission (RR, 0.76; 

95% CI, 0.67–0.86), with minimal heterogeneity (I2 = 0%) and 
no significant difference by type of intervention (P = 0.82) (Fig. 
2). In patients with CD (5 trials), the rate of CSF-CR was 18% 
lower than the rate of overall clinical remission (RR, 0.82; 95% 
CI, 0.72–0.94), with minimal heterogeneity (I2  =  0%) and no 
significant difference by type of intervention (P = 0.65) (Fig. 3).

Publication Bias
Due to small number of studies of UC and CD, formal 

assessment of funnel plot asymmetry was not performed.

DISCUSSION
Corticosteroids are effective for short-term symptom 

management but cause considerable short- and long-term side 
effects. Avoidance of corticosteroids is an important patient- 
and physician-preferred treatment outcome when managing UC 
and CD in clinical practice. In clinical trials, CSF-CR has been 
reported as both a primary and secondary efficacy end point. 
Logically, it would be important to ensure that there is stand-
ardization of steroid-tapering regimes across trials, especially in 
registration or head–head trials, as this can inherently influence 
symptoms that constitute the primary trial end point. To our 
knowledge, there has been limited discussion on CSF-CR as an 
end point when evaluating the efficacy of biologic agents and 
targeted small-molecule inhibitors. In this systematic review, we 
have synthesized how corticosteroids are tapered in clinical trials 
of moderate to severe CD and UC and the association between 
overall and CSF-CR. We observed that ~50% of participants 
are on corticosteroids at trial entry, with a maximum permitted 
dose ranging from 20 to 40 mg/d prednisone (it should be noted 
that these trials are thus almost uniformly underpowered for 
the subgroup analysis of CSF-CR). Across trials, the dose of 
corticosteroids remained stable during induction therapy for a 
median duration of 8 weeks, and a tapering schedule was im-
plemented during maintenance, although it was not strictly en-
forced in the majority of trials (if  strictly enforced, then patients 
across trials would have been uniformly off corticosteroids by 
week 20). If  during the corticosteroid taper process patients ex-
perienced worsening symptoms, investigators were generally al-
lowed to increase the corticosteroid dose back up to baseline 
dose at trial entry, and then encouraged to resume tapering in 
2–4 weeks. However, there are limited data on what propor-
tion of patients required resumption of corticosteroids, over 
what period of time, the dosing strategy used, and how many 
were still corticosteroid-dependent despite being classified as 
having achieved clinical remission. Furthermore, no data were 
available on the cumulative dose of corticosteroid exposure 
used throughout the duration of the trial, which could enable 
a fairer comparison between treatment arms within a trial and 
enable comparisons across trials. Across trials, and in both the 
placebo and active intervention arms, rates of CSF-CR were 
approximately 20%–25% lower than overall clinical remission, 
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indicating that this is a more stringent end point to achieve. In 
general, the CSF-CR end point was less likely to achieve statis-
tical significance, likely due to both the stringency of the end 
point and inadequate statistical power. Taken together, these 
data highlight that handling of steroids within pivotal clinical 
trial programs requires greater attention. With the increasing 
number of biologics and targeted small-molecule inhibitors 
in various stages of development and the large proportion of 
UC and CD patients in practice who remain steroid dependent, 
findings from our analysis may help inform the design and in-
terpretation of ongoing and future clinical trials and provide 
insight into how clinical trial findings regarding corticosteroid 
tapering may be applied to clinical practice. Some specific trial 
design aspects that need to be considered include recommending 
a standard fixed maximum permissible dose of corticosteroids 
at trial entry, defining standard timing and protocols for cortico-
steroid taper during or immediately after induction, and devel-
oping consistent policies around re-escalation or re-initiation of 
corticosteroids after tapering during the maintenance phase of 
trials and implications in defining treatment failures.

How corticosteroids are handled in clinical trials can 
potentially influence the efficacy of medications and rates of 
adverse events and infections. In the SONIC study comparing 
infliximab + azathioprine vs monotherapy with either agent 
in immunosuppressive-naïve patients with CD, combination 
therapy was consistently demonstrated to be more effective 
for achieving and maintaining CSF-CR, the primary trial end 
point.22 In contrast, in the COMMIT trial in a similar patient 
population, infliximab + methotrexate was not shown to be 
more effective than infliximab monotherapy for achieving and 
maintaining CSF-CR.24 One proposed explanation was the use 
of prednisone induction therapy in the latter clinical trial, with 
a forced taper off  by week 14, which may have augmented the 
efficacy of infliximab, potentially diluting the additive effect of 
methotrexate. Similarly, in the recently presented abstract of 
the VARSITY trial comparing vedolizumab vs adalimumab 
in patients with moderate–severe UC, vedolizumab was sig-
nificantly more effective than adalimumab across multiple end 
points, including clinical, endoscopic, and histological remis-
sion.25 In patients who were taking steroids at trial entry, the 

IC %59 dna oitaR ksiRlatoT / stnevEemaN ydutS
Risk Lower Upper 
Ratio Limit Limit CSFR CR

342 / 48341 / 0378.024.016.01 TCA
142 / 47621 / 9290.125.057.02 TCA

28 / 1434 / 7112.125.097.05102 gnaiJ
05 / 4103 / 594.142.006.05102 naiX
752 / 34051 / 0203.194.008.02 ARTLU

Suzuki 2014 0.61 0.37 1.02 17 / 120 41 / 177
PURSUIT-M 0.70 0.44 1.10 19 / 82 51 / 154
PURSUIT-J 1.11 0.56 2.19 5 / 9 16 / 32

742 / 701341 / 5541.196.098.01 INIMEG
14 / 3231 / 675.134.028.0ayotoM

OCTAVE-M 0.73 0.56 0.95 52 / 188 149 / 395
0.76 0.67 0.86 255 / 1047 643 / 1919

121 / 0297 / 712.142.045.01 TCA
321 / 3106 / 253.170.023.02 TCA

14 / 0112 / 124.130.002.05102 gnaiJ
94 / 593 / 160.230.052.05102 naiX
062 / 12041 / 865.123.017.02 ARTLU

Suzuki 2014 0.83 0.26 2.63 4 / 58 8 / 96
PURSUIT-M 0.83 0.49 1.42 16 / 87 34 / 154
PURSUIT-J 1.72 0.18 16.89 1 / 9 2 / 31

621 / 0227 / 0177.134.088.01 INIMEG
24 / 3151 / 369.112.056.0ayotoM

OCTAVE-M 0.98 0.50 1.94 11 / 101 22 / 198
0.74 0.56 0.97 64 / 681 168 / 1241

0.1 0.2 0.5 1 2 5 10

CSFR Clinical Rem

Risk of Achieving Corticosteroid-Free Remission vs Overall Clinical Remission in UC

ACTIVE INTERVENTION

PLACEBO

FIGURE 2. Risk of achieving corticosteroid-free remission vs overall clinical remission in patients with moderate to severe ulcerative colitis.
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rate of CSF-CR was numerically but not statistically higher in 
adalimumab-treated patients vs vedolizumab-treated patients; 
however, cumulative steroid exposure is yet to be reported.

Concomitant use of corticosteroids has been consist-
ently shown to increase the risk of serious infections across bi-
ologic agents and may be associated with increased mortality 
in patients with CD.26, 27 In clinical practice, the true measure 
of effectiveness of a medication is being able to achieve and 
maintain remission off  corticosteroids. In clinical trials, we 
observed that the rate of CSF-CR was 20%–25% lower than 
the rate of clinical remission, indicating that it is a more strin-
gent end point to achieve. This information may be helpful in 
informing shared decision-making regarding efficacy of drug 
intervention. Likewise, there is limited guidance and consid-
erable variability in how providers taper corticosteroids when 
starting a new biologic in practice, possibly due to the near-
complete absence of randomized controlled trial data on this 
topic. Anecdotally, most providers generally attempt tapering 
off  corticosteroids within 6–10 weeks of starting a new therapy. 
In contrast, in clinical trials, we observed that across studies the 
dose of corticosteroids is kept stable for ~8 weeks after enroll-
ment, typically to coincide with the end of induction, followed 
by a subsequent taper that would have resulted in complete dis-
continuation by 20 weeks; however, a uniform policy of forced 
corticosteroid taper is typically not implemented. This differ-
ence may also potentially impact observed variability in remis-
sion rates, along with safety signals and adverse events. We do 

note that in the recent maintenance trial of tofacitinib for UC 
strict steroid tapering was required, and the rates of CSF-CR 
and CR were nearly identical for that reason. This successful 
trial demonstrates that a strict steroid-tapering protocol is 
achievable in a clinical trial with an effective therapy.

This is the first systematic synthesis of how corticoster-
oids are tapered across clinical trials in UC and CD. However, 
there are some limitations that should be acknowledged. First, 
we focused only on patients with moderate–severe UC and CD 
treated with biologic agents or targeted small molecules and did 
not address conventional therapies like thiopurines and metho-
trexate. This review was intended to reflect modern management 
and evolving trials in UC and CD. Second, we limited our anal-
ysis to placebo-controlled trials and excluded active compar-
ator trials. This was meant to ensure consistency in estimating 
the association between CSF-CR and overall clinical remission 
and to ascertain placebo rates for achieving CSF-CR. Third, 
due to the limited number of trials, we were unable to ascertain 
factors influencing placebo rates of achieving CSF-CR through 
study-level metaregression or to perform subgroup analysis.

In conclusion, there is considerable variability in how 
corticosteroids are tapered across clinical trials, including dif-
ferences in proportions of  participants and maximum doses 
of  corticosteroids on trial entry, timing and protocol for pred-
nisone taper vis-à-vis assessment of  primary outcomes, and 
lack of  uniformly enforced corticosteroid taper. CSF-CR may 
be a patient-preferred outcome, and its rate is consistently 

IC %59 dna oitaR ksiRlatoT / stnevEemaN ydutS

Risk Lower Upper Overall 
Ratio Limit Limit CSFR CR

GEMINI 2 0.80 0.61 1.06 49 / 162 116 / 308

IM-UNITI 0.88 0.70 1.11 55 / 122 131 / 257

CERTIFI 0.73 0.47 1.14 22 / 72 30 / 72

CHARM 0.67 0.48 0.92 34 / 132 127 / 329

CLASSIC II 0.97 0.71 1.33 11 / 14 30 / 37

0.82 0.72 0.94 171 / 502 434 / 1003

GEMINI 2 0.73 0.45 1.17 24 / 153 33 / 153

IM-UNITI 0.76 0.47 1.22 16 / 59 47 / 131

CERTIFI 0.65 0.35 1.21 13 / 73 20 / 73

CHARM 0.52 0.18 1.45 4 / 66 20 / 170

CLASSIC II 1.29 0.56 2.93 4 / 7 8 / 18

0.75 0.57 0.98 61 / 358 128 / 545

0.1 0.2 0.5 1 2 5 10

Risk of Achieving Corticosteroid-Free Remission vs Overall Clinical Remission in CD

ACTIVE INTERVENTION

PLACEBO

CSFR Clinical Rem

FIGURE 3. Risk of achieving corticosteroid-free remission vs overall clinical remission in patients with moderate to severe Crohn’s disease.
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20%–25% lower than overall clinical remission. Hence, as core 
outcome sets for clinical trials in patients with UC and CD 
are being developed, CSF-CR should be an integral part of 
these and requires greater attention from those involved in 
designing and approving clinical trials for novel therapeutic 
agents to ensure consistency and enhance comparability of 
findings.
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