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Abstract
Background: Ustekinumab (UST), an antibody against the p40 subunit of interleukin-12/
23, has been proven to be effective in patients with Crohn’s disease (CD). However, large,
long-term comparative studies of UST against anti--tumor necrosis factor (TNF) agents are
lacking. We compared the effectiveness of anti-TNF agents and UST in CD patients with-
out prior use of biologics.
Methods: We used a large nationwide anonymized Japanese database containing adminis-
trative medical claims data and various related patient data. In a propensity score-matched
cohort with similar clinical characteristics, 2-year effectiveness was compared between pa-
tients treated with infliximab or adalimumab (anti-TNF group) and those treated with UST
(UST group). Primary outcomes were cumulative rates of hospitalization, surgery, and per-
sistence.
Results: Among 53 540 CD patients, 7047 were extracted for eligibility, of which 5665
were treated with an anti-TNF agent and 1382 with UST. After propensity score matching,
the cumulative hospitalization rates were comparable between anti-TNF and UST groups
(P = 0.85; 25.3% vs 26.5% at 1 year, 33.8% vs 39.8% at 2 years). The cumulative surgery
rates were also comparable between these groups (P = 0.46; 5.5% vs 5.1% at 1 year, 8.3%
vs 8.4% at 2 years). The persistence rate at 1 year was higher in UST group (90.8% vs
92.5%), and that at 2 years was higher in anti-TNF group (81.2% and 74.6%); however,
there was no significant difference in the cumulative persistence rate (P = 0.55).
Conclusions: Anti-TNF agents and UST appear to have comparable effectiveness for CD
patients without prior use of biologics.
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Introduction
Ustekinumab (UST) is an antibody against the p40 subunit of
interleukin-12/23, and the efficacy and safety of UST in patients
with Crohn’s disease (CD) have been elucidated. The induction
(UNITI-I and UNITI-II) and subsequent maintenance (IM-UNITI)
studies demonstrated the efficacy of UST in patients with and
without a history of failure following antitumor necrosis factor
(TNF) agent therapy.1 Long-term extension study up to 5 years
following the IM-UNITI also demonstrated a high persistence rate

for UST.2 In these studies, the control group consisted of patients
who received a placebo. Real-world data, especially from multi-
center registry studies, have also shown the effectiveness of
UST in patients with CD.3–8 Because UST became available more
than 10 years after anti-TNF agents, most of the reports on the ef-
fectiveness of UST targeted patients with a history of anti-TNF
agent failure, and no control group was included. Network
meta-analyses have indirectly compared the effectiveness of
anti-TNF agents and UST in biologic-naïve and
biologic-experienced patients9,10; however, there have been no
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large-scale studies directly comparing the two agents because of
their high costs.
Most recently, the first clinical trial directly comparing the effi-

cacy of an anti-TNF agent (adalimumab [ADA]) and UST in
biologic-naïve patients has been reported.11–13 In this trial, the
clinical remission rates at 52 weeks for the two agents were com-
parable. Despite not being the primary endpoint, the percentage of
patients who discontinued treatment by week 52 because of a lack
of efficacy or other reasons was lower in the UST group (15.2%)
than in the ADA group (23.6%). The long-term course of this trial
is promising; however, larger and longer-term comparative studies
are warranted. The present study compared the effectiveness of
anti-TNF agents and UST in patients with CD using a large nation-
wide database in Japan.

Materials and Methods

Diagnosis Procedure Combination system. In this
study, we conducted a population-based retrospective cohort study
using the Diagnosis Procedure Combination (DPC) system. DPC
is a large nationwide anonymized database for inpatient care of
acute care hospitals in Japan that was introduced in 2003, covering
about 90% of acute care beds as of 2020 and now also providing
information on outpatient care. This system contains Japanese ad-
ministrative medical claims data and various related patient data,
such as gender, age, diagnoses coded according to International
Statistical Classification of Diseases and Related Health Problems
10th revision (ICD-10), comorbidities on admission, complica-
tions during hospitalization, drugs administered, and surgery or
other procedure records. The DPC database contains inpatient data
for approximately 8 million patients per year from more than 1200
hospitals and can also be connected to the outpatient care data of
the same patient. This database has been maintained through
funding from the Ministry of Health, Labour and Welfare of
Japan and has already been validated for diagnoses and procedure
records.14 If patients are transferred to other hospitals or clinics,
their claim data can no longer be collected and will be censored.
We previously reported a study using the DPC database for a dif-
ferent colonic disease.15 Using other administrative claims data-
bases in Japan, similar studies of patients with ulcerative colitis
on the use of steroids or immunomodulators have also been
reported.16,17

The Ethics Committee of Tohoku University Hospital approved
the study protocol on 13 January 2021 (No. 2021-1-029). There
was no need to obtain informed consent because the data are
anonymized.

Selection of eligible cases. We included patients with a
diagnosis of CD using the ICD-10 codes K500, K501, K508,
and K509 who received inpatient or outpatient care at hospitals
with the DPC system from April 2018 to March 2020. Among pa-
tients with CD as their primary disease, we excluded those with
confirmed diagnoses of concomitant diseases that could lead to
the use of biologics (e.g., ulcerative colitis, rheumatoid arthritis)
and those with a history of any biologic use within 6 months prior
to the first administration of biologics to be evaluated.
The following information was collected as the patient’s clinical

characteristics: sex, age, date of CD diagnosis at the respective

hospitals, date of the first administration of biologics (index date),
surgery within 6 months prior to the index date, hospital type (ac-
ademic hospitals or others), outpatient or inpatient status on the in-
dex date, type of biologics used, and concomitant medications
(steroids and immunomodulators). Infliximab (IFX), ADA, and
UST were included as biologics, whereas vedolizumab (VDZ)
was excluded from the analysis because the number of patients
treated with VDZ was extremely small because of the short period
since its approval in Japan. In cases with loss of response requiring
optimization of biologics (dose increase from 5 to 10 mg/kg or in-
terval shortening from every 8 weeks to every 4 weeks for IFX,
dose increase from 40 to 80 mg for ADA, and interval shortening
from every 12 weeks to every 8 weeks for UST), the dose of each
biologic agent and the time from index date to optimization were
also collected. Immunomodulators were composed of azathioprine
and 6-mercaptopurine.

Primary and secondary outcomes. We performed a
propensity score (PS) matching method to eliminate the difference
in clinical characteristics between the two groups: patients treated
with IFX ADA (the anti-TNF group) and those treated with UST
(the UST group). The primary outcomes were the times from bio-
logics initiation to hospitalization (cumulative hospitalization
rate), surgery (cumulative surgery rate), and treatment discontinu-
ation (cumulative persistence rate). Short-term hospitalizations
less than 3 days were excluded from the hospitalization outcome
because hospitalizations for exacerbation of CD rarely take less
than 3 days in Japan. Hospitalizations not related to CD relapse
were also excluded from the hospitalization outcome. Non-CD-
related surgeries or surgeries for perianal lesions alone were ex-
cluded from the surgery outcome. Discontinuation was defined
as the cessation of continuous administration of the first biologic
or a switch from the first biologic to a second one.
The primary outcomes (cumulative hospitalization, surgery, and

persistence rates) analyzed separately for patients with and without
immunomodulators were defined as secondary outcomes. In addi-
tion, after dividing the anti-TNF group into patients treated with
IFX and those with ADA, primary outcomes were compared be-
tween the three groups (the IFX, ADA, and UST groups), which
were also defined as secondary outcomes.

Statistical analysis. Data are presented as the mean and
standard deviation (SD). Using the t-test, chi-squared test, or Fish-
er’s exact probability test as appropriate, we assessed differences
between the groups.
Based on the estimated PS of each patient, a PS matching

method was used to compare the anti-TNF and UST groups. PS
was estimated by multivariate logistic regression using covariates
that may be involved in the choice of therapeutic agents at the start
of biologic therapy. Covariates included sex, age, disease duration
from the confirmed CD diagnosis to the index date, surgery within
6 months prior to the index date, hospital type (academic hospitals
or others), outpatient or inpatient status on the index date, and con-
comitant medications (steroids and immunomodulators). Then,
pairs of patients with similar backgrounds were selected by PS
matching using the 1:1 nearest neighbor method with calipers.
The caliper was set 0.2 times the standard deviation of the PS logit.
Based on the c-statistics, the performance of PS estimation was
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evaluated. The standardized difference was used to compare the
covariates of the two groups after PS matching, and covariates be-
tween the two groups were considered to be well balanced if the
standardized difference was <0.1. We compared the cumulative
incidence of the primary outcomes (the cumulative hospitalization,
surgery, and persistence rates as described previously) in the
PS-matched cohorts.
These analyses were performed using the JMP Pro Ver. software

program (SAS Institute Inc., Cary, NC, USA). P < 0.05 indicated
a statistically significant difference.

Results

Patient enrollment. From the 53 540 patients with a diagno-
sis of CD, we excluded 10 283 patients with comorbidities that
might warrant the use of biologics consisting of 6104, 2032,

1154, 698, 229, 37, 15, and 14 patients with ulcerative colitis,
rheumatoid arthritis, Behçet’s disease, psoriasis, uveitis, ankylos-
ing spondylitis, juvenile idiopathic arthritis, and Kawasaki disease,
respectively. We also excluded 22 266 patients without a history of
biologic use during the observation period and 13 772 patients
with a history of biologic use within 6 months prior to the index
date. As a result, 7219 patients who newly started biologic therapy
during the observation period were extracted. After further exclud-
ing 172 patients treated with VDZ, 7047 patients were eligible for
this analysis (Fig. 1). Of these patients, 5665 were treated with
anti-TNF agents (2923 with IFX and 2742 with ADA), and the re-
maining 1382 were treated with UST.

Patients’ clinical characteristics andmedical treat-
ments. The clinical characteristics of the 7047 patients included
in this study are presented in Table 1. These patients included 5047

Figure 1 Patient flow in this study. From the 53
540 patients with confirmed diagnoses of Crohn’s
disease (CD), we excluded patients with comorbid-
ities that might warrant the use of biologics, pa-
tients history of biologic use during the
observation period, and patients with a history of
any type of biologic use within 6 months prior to
the study entry. After further excluding 172 pa-
tients treated with vedolizumab, 7047 patients
were eligible for this analysis.
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men (71.6%) and 2000 women (28.4%) with confirmed diagnoses
of CD. The mean age at enrollment and the mean duration from a
confirmed CD diagnosis were 35.6 (SD 14.6) and 3.3 (SD 5.7)
years, respectively. Of the 7047 patients, 3796 (54.1%) patients
started biologics within 1 year after a diagnosis of CD. Regarding
previous surgery, 508 (7.2%) patients underwent surgery within
6 months of biologics initiation. Among the 7047 patients, 2620
(37.2%) patients were treated in academic hospitals, whereas
4427 (62.8%) patients were treated in non-academic hospitals.
Concerning concomitant medications, 574 (8.1%) patients were
treated with prednisolone, and 2461 (34.9%) patients were man-
aged with azathioprine or 6-mercaptopurine.
When divided by the type of biologic used, the UST group had

higher proportions of women, older patients, and patients treated at
academic hospitals. The rate of surgery within 6 months prior to
the index date was significantly higher in the UST group
(12.6%) than in the anti-TNF group (5.9%). In addition, the rate
of concomitant use of immunomodulators was significantly lower
in the UST group (30.0%) than in the anti-TNF group (36.1%).
Conversely, there was no difference in the duration from con-
firmed CD diagnosis to the index date or in the rate of concomitant
use of steroids (Table 1).

PS matching. Multivariate logistic regression was performed
to estimate the PS of each patient using the aforementioned covar-
iates. After PS matching using the 1:1 nearest neighbor method,
1379 patients each were included in the anti-TNF and UST groups
(Table 1) with a c-statistic of 0.60. There were no significant dif-
ferences in clinical characteristics between the two PS-matched
cohorts using a standardized difference of <0.1 for each factor.

Primary outcomes. In the anti-TNF group, 337 (24.4%) pa-
tients required treatment optimization at a mean duration of
26.3 weeks (SD 17.9). Of the 651 patients treated with IFX, 127
(19.5%) received dose increase or interval shortening; of the 728
patients treated with ADA, 210 (28.8%) received dose increase.
On the other hand, in the UST group, 763 (55.3%) patients re-
ceived interval shortening at a mean duration of 21.4 weeks (SD
11.3).
During a mean observation period of 41.4 weeks (SD 31.5), 281

and 273 patients required hospitalization in the anti-TNF and UST
groups, respectively. The cumulative hospitalization rates in the
anti-TNF and UST groups were 25.3% and 26.5% at 1 year and
33.8% and 39.8% at 2 years, respectively. There was no significant

Table 1 Clinicopathological characteristics of patients treated with anti-TNF agents and UST in the unadjusted cohort and in the PS-matched cohort

Clinical characteristics† Unadjusted cohort (N = 7047) PS-matched cohort (N = 2758)

Anti-TNF
(N = 5665)

UST
(N = 1382)

P value Anti-TNF
(N = 1379)

UST
(N = 1379)

P value Standardized
difference‡

Sex, n (%)
Male 4093 (72.3%) 954 (69.0%) 0.018 959 (69.5%) 953 (69.1%) 0.836 0.009
Female 1572 (27.7%) 428 (31.0%) 420 (30.5%) 426 (30.9%)

Age at enrollment
(mean; years) 35.1 37.6 <0.001 37.4 37.6 0.013
(SD; years) 14.4 15.1 14.9 15.1

Duration from CD diagnosis
(mean; years) 3.3 3.4 0.621 3.3 3.4 0.017
(SD; years) 5.6 5.9 6.0 5.9

Within 1 year from CD diagnosis, n (%)
Yes 3041 (54.0%) 755 (54.7%) 0.608 798 (57.9%) 755 (54.7%) 0.107 0.065
No 2595 (46.0%) 624 (45.3%) 581 (42.1%) 624 (45.3%)

Previous surgery within 6 months, n (%)
Without 5331 (94.1%) 1208 (87.4%) <0.001 1215 (88.1%) 1205 (87.4%) 0.601 0.021
With 334 (5.9%) 174 (12.6%) 164 (11.9%) 174 (12.6%)

Hospital type, n (%)
Academic hospitals 2016 (35.6%) 604 (43.7%) <0.001 619 (44.9%) 603 (43.7%) 0.570 0.024
Others 3649 (64.4%) 778 (56.3%) 760 (55.1%) 776 (56.3%)

Inpatient vs outpatient, n (%)
Inpatient 1663 (29.4%) 427 (30.9%) 0.260 402 (29.2%) 424 (30.7%) 0.380 0.033
Outpatient 4002 (70.6%) 955 (69.1%) 977 (70.8%) 955 (69.3%)

Concomitant steroids, n (%)
Yes 454 (8.0%) 120 (8.7%) 0.411 97 (7.0%) 118 (8.6%) 0.155 0.060
No 5211 (92.0%) 1262 (91.3%) 1282 (93.0%) 1261 (91.4%)

Concomitant immunomodulators, n (%)
Yes 2046 (36.1%) 415 (30.0%) <0.001 388 (28.1%) 415 (30.1%) 0.276 0.044
No 3619 (63.9%) 967 (70.0%) 991 (71.9%) 964 (69.9%)

CD, Crohn’s disease; PS, propensity score; SD, standard deviation; TNF, tumor necrosis factor; UST, ustekinumab.
†After PS matching using the 1:1 nearest neighbor method, 1379 patients each were included in the anti-TNF and UST groups.
‡After PS matching, covariates between the two groups were considered to be well balanced if the standardized difference was <0.1.
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difference in the cumulative hospitalization rates between the two
groups (P = 0.849; Fig. 2). Likewise, 67 and 55 patients
underwent surgery in the anti-TNF and UST groups, respectively.
The cumulative surgery rates in the anti-TNF and UST groups
were 5.5% and 5.1% at 1 year and 8.3% and 8.4% at 2 years, re-
spectively. The cumulative surgery rates between the two groups
were also comparable (P = 0.458; Fig. 3).
Regarding the treatment persistence rate in the anti-TNF and

UST groups, the rate at 1 year was higher in the UST group
(90.8% vs 92.5%), and that at 2 years was higher in the
anti-TNF group (81.2% vs 74.6%); however, there was no signifi-
cant difference in the cumulative persistence rate between the two
groups (P = 0.549; Fig. 4).

Secondary outcomes. In 1955 (70.9%) patients without
concomitant immunomodulators, there were no significant differ-
ences in the cumulative hospitalization, surgery, and persistence
rates between the anti-TNF and UST groups (Fig. 5a–c). Similarly,
in 803 (29.1%) patients with concomitant immunomodulators, the
cumulative hospitalization, surgery, and persistence rates were not
significantly different between the anti-TNF and UST groups
(Fig. 5d–f). After dividing the anti-TNF group into the IFX or
ADA groups, there were no significant differences in the cumula-
tive hospitalization, surgery, and persistence rates among the IFX,
ADA, and UST groups (Fig. 6a–c).

Discussion
In this large database analysis, the effectiveness of anti-TNF
agents and USTwere revealed to be similar in CD patients without
prior use of biologics. That is, there were no differences in the hos-
pitalization rates, surgery rates, or persistence rates (defined as dis-
continuation or change in biologic therapy due to exacerbation of
CD) between the anti-TNF and UST groups.
Although the efficacy of biologics in patients with CD has been

demonstrated in many clinical trials, most of these trials evaluated
drug effectiveness in comparison to placebo. However, there have
been no direct comparative studies in CD. In the absence of direct
comparative studies, the selection of biologics is challenging.
Therefore, a network meta-analysis indirectly compared the effects
of biologics by combining placebo-controlled clinical trials.9 In
biologic-naïve patients, although the response rate was higher for
IFX than for UST, there was no significant difference in the remis-
sion rate. In addition, the response and remission rates of ADA
were comparable to those of UST. Since this is only an indirect
comparison, large-scale direct comparative studies have been
warranted.
Because UST became available after anti-TNF agents, reports of

its effectiveness in patients who did not respond to anti-TNF
agents have been the main focus of reports on real-world data,
mainly in comparison to the effectiveness of vedolizumab, another
late-breaking biologic.18,19 In addition, it has been believed that it

Figure 2 Cumulative hospitalization rates. The cumulative hospitaliza-
tion rate in patients treated with anti-tumor necrosis factor (TNF) agents
were 25.3% at 1 year and 33.8% at 2 years; that in patients treated with
ustekinumab (UST) were 26.5% at 1 year and 39.8% at 2 years. There
was no significant difference in the cumulative hospitalization rates be-
tween the two groups (P = 0.849). Anti-TNF group. UST group.

Figure 3 Cumulative surgery rates. The cumulative surgery rate in pa-
tients treated with anti--tumor necrosis factor (TNF) agents were 5.5%
at 1 year and 8.3% at 2 years; that in patients treated with ustekinumab
(UST) were 5.1% at 1 year and 8.4% at 2 years. The cumulative surgery
rates were comparable between the two groups (P = 0.458).

Anti-TNF group. UST group.
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Figure 4 Cumulative persistence rates. The treatment persistence rate
at 1 year was higher in the ustekinumab (UST) group (92.5%) than in the
antitumor necrosis factor (TNF) agent group (90.8%), and that at 2 years
was higher in the anti-TNF agent group (81.2%) than in the UST group
(74.6%); however, there was no significant difference in the cumulative
persistence rates between the two groups (P = 0.549). Anti-TNF
group. UST group.

Figure 5 Cumulative hospitalization, surgery, and persistence rates analyzed separately for patients with and without immunomodulators. In 1955
(70.9%) patients without concomitant immunomodulators, there were no significant differences in the cumulative hospitalization (a), surgery (b),
and persistence (c) rates between the antitumor necrosis factor (TNF) and ustekinumab (UST) groups (P = 0.782, 0.153, and 0.757, respectively). Sim-
ilarly, in 803 (29.1%) patients with concomitant immunomodulators, the cumulative hospitalization (d), surgery (e), and persistence (e) rates were not
significantly different between the anti-TNF and UST groups (P = 0.518, 0.552, and 0.536, respectively). Anti-TNF group. UST group.

Figure 6 Cumulative hospitalization, surgery, and persistence rates analyzed dividing the anti-TNF group into the IFX and ADA groups. Dividing the
anti-tumor necrosis factor (TNF) group into patients treated with infliximab (IFX) and adalimumab (ADA), we compared the treatment courses between
the IFX, ADA, and ustekinumab (UST) groups. There were no significant differences in the cumulative hospitalization (a), surgery (b), and persistence (c)
rates among the three groups (P = 0.970, 0.515, and 0.571, respectively). IFX group. ADA group. UST group.
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would take longer time for UST to exert its efficacy compared to
anti-TNF agents. However, at least for biologic-naïve patients,
there is a possibility that the long-term prognosis of UST may
not be inferior to that of anti-TNF agents. In fact, a post hoc anal-
ysis comparing two large clinical trials in biologic-naïve CD re-
ported equivalent efficacy between UST and IFX,20 although it
reported only on short-term outcomes. In a typical model case of
CD requiring biologic treatment, the algorithm starting with UST
as a first-line biologic treatment increased the remission or re-
sponse rate by 10% and decreased the surgery rate by 2% at 1 year,
reducing the cost of care.21 A more recent comparative trial of
ADA and UST in patients with biologic-naïve CD reported that
the efficacy of ADA and USTwas comparable after 52 weeks.11–13

Throughout the present study, UST displayed comparable effec-
tiveness to anti-TNF agents in terms of the cumulative hospitaliza-
tion, surgery, and persistence rates.
Optimization of biologics (dose increase or interval shortening)

is one of the most important issues in determining the effective-
ness of treatment with biologics. The only comparative trial re-
cently reported in CD showed comparable efficacy of ADA and
UST; however, the issue was the unbalanced dosing of ADA,
40 mg every 2 weeks without dose adjustment, and UST, every
8 weeks instead of standard every 12 weeks.11-13 In the present
study, based on a real-world setting that included normal to ad-
justed doses, anti-TNF agents and UST displayed comparable ef-
fectiveness. However, detailed analysis of this real-world data
revealed that a very high proportion of cases shortened their inter-
vals to every 8 weeks from the early phases, which may also have
influenced the outcomes. Another concern is that physicians may
be selecting UST for patients with less severe disease. The present
database analysis was not able to provide an accurate assessment
of disease activity. However, intending to match the activity of
both groups, we adjusted for covariates such as previous surgery
within 6 months, hospital type, outpatient or inpatient status, and
concomitant use of steroids.
Due to the low immunogenicity of UST, the incidence of anti-

drug antibodies against UST was reported to be as low as 5.8%
in a long-term extension study over 5 years.2 Considering the
lower incidence of antidrug antibody production, UST does not
necessarily require the concomitant use of immunomodulators, in
contradiction to anti-TNF agents. In fact, large real-world data
and meta-analysis have also reported that the concomitant use of
immunomodulators does not improve treatment outcomes.22,23 In
the subanalysis of patients with as well as without immunomodu-
lators, there were no significant differences in the outcomes be-
tween the anti-TNF and UST groups. As reported in the post hoc
analysis of the SONIC study, it may be more important to maintain
trough levels by optimizing biologic agents than to use immuno-
modulators in combination.24 This may also explain why no sig-
nificant differences were found between the IFX and ADA
groups. In fact, according to the ECCO guidelines, the effective-
ness of IFX and ADA is considered to be equivalent among
anti-TNF agents.25

The present study had several limitations. First, the database
analysis does not provide accurate information on disease activity.
We performed PS matching, adjusting for various factors, to match
the activity of patients treated with anti-TNF agents and UST;
however, we were unable to ensure that the activity was truly
equivalent. Second, as is true for any database analysis, we were

unable to adjust for factors that we did not measure. For example,
anal lesions, one of the major complications of CD, were not
assessed in this study. Third, if we intend to evaluate long-term
outcomes, a longer observation period might be required.
Database analysis based on medical claims data comparing the

effectiveness of anti-TNF agents and UST revealed that these
two agents had comparable long-term outcomes including hospi-
talization, surgery, and persistence rates for CD patients without
prior use of biologics. This study might provide meaningful in-
sight into the selection of biologic agents.
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