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ABSTRACT
Background: Early initiation of tumor necrosis factor-alpha inhibitor (TNFI) therapy for children
and young adults with inflammatory bowel disease (IBD) is not well described.
Methods: We conducted a retrospective cohort study of children and young adults (≤24 years)
newly diagnosed with IBD using health insurance claims from 2009 to 2013. The conventional
“step-up” approach was defined as TNFI initiation >30 days after first IBD medication
prescription, whereas the “top-down” approach was defined as new TNFI prescription within 30
days of first IBD medication prescription. Switching rates, time to initiation, discontinuation, and
adherence to TNFIs were compared between the two strategies.
Results: A total of 11,962 IBD patients were identified. Among 3,300 TNFI users, 1,298 (39.3%)
were treated with the top-down approach, while 2,002 (60.7%) were treated with the step-up
approach. Top-down approach use increased from 31.4% to 49.8% during the 5-year period,
and under this approach, most patients were treated with TNFIs alone. Time to TNFI initiation
was shorter for patients diagnosed in more recent years. Patients treated with the top-down
strategy had lower rates of corticosteroid use (32.5% vs 94.2%) compared to step-up treatment
but presented a higher rate of TNFI discontinuation. The two strategies both exhibited high
adherence (mean proportion of days covered: 83.7% to 95.4%).
Conclusions: Early TNFI initiation increased over time for children and young adults with IBD
and was related to lower rates of corticosteroid use compared to the conventional approach.
However, the higher rate of TNFI discontinuation under the top-down approach requires further
examination.
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INTRODUCTION
Inflammatory bowel disease (IBD) is an immune-mediated disorder characterized by
chronic inflammation in the gastrointestinal tract and includes both Crohn’s disease (CD) and
ulcerative colitis (UC).1 Children account for about 30% of all cases of IBD.2 The incidence of
IBD in children aged 1 to 17 years is 4.6 per 100,000 for CD2,3 and 2.1 per 100,000 for UC and
has been increasing globally.4 In most cases, children with IBD carry the disease into later
adulthood. Notably, adolescents and young adults aged 15 to 29 years have the highest
incidence of both CD and UC.5 Childhood-onset IBD typically has more extensive symptoms
and more frequent and severe episodes than adult-onset IBD.6,7 In addition, children with IBD
are more likely to experience anxiety and depression, poor school functioning, and lower quality
of life than children without IBD.8
Drug treatment for IBD includes corticosteroids, 5-aminosalicylates, thiopurines,
methotrexate, immunosuppressants (e.g., cyclosporine and tacrolimus), and tumor necrosis
factor-alpha inhibitors (TNFI). Among these drugs, TNFIs are generally considered the most
effective, and as a result, use of TNFIs for IBD has increased over time.9-11 However, some
controversy exists about when in the disease course TNFIs should be used.
According to the recommendations of the North American Society for Pediatric
Gastroenterology Hepatology and Nutrition (NASPGHAN), the European Crohn's and Colitis
Organisation (ECCO), and the European Society for Paediatric Gastroenterology Hepatology
and Nutrition (ESPGHAN), TNFIs can be considered in both the induction and maintenance
phases of treatment.12-14 Under the conventional step-wise treatment approach, or the “step-up”
approach, the use of systemic corticosteroids and/or immunomodulators is recommended
before initiating TNFIs. However, a newer treatment strategy called the “top-down” approach
has recently emerged. In this approach, patients are treated more aggressively by using TNFIs,
often combined with immunomodulators, as initial therapy. Recent evidence suggests that use
of TNFIs earlier in the disease course may improve clinical outcomes.15-19 The “top-down”
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approach may be particularly beneficial to children because early use of TNFIs may decrease or
avoid the use of corticosteroids, which are associated with adverse effects on pubertal growth.
The rate of adoption of the top-down treatment approach in current clinical practice has
not been examined in children and young adults with IBD. In addition, little is known about how
the step-up and top-down treatment strategies differ in terms of switching, adherence, and
persistence with TNFI therapy in real-world settings. Therefore, this study aimed to examine the
use of the top-down approach for children and young adults with IBD and more specifically to
compare medication utilization between the step-up and top-down strategies.
MATERIALS AND METHODS
Data Source
Health insurance claims from January 1, 2009, to December 31, 2013, were obtained
from the Truven Health MarketScan® Commercial Claims and Encounters (CCAE) databases.
These databases contain health care claims for about 180 million people across the U.S. who
were commercially insured, mainly through employer-based coverage. All data were deidentified and include information on health plan enrollment, medical service utilization, and
prescription records. Each claim contained longitudinal information on patient demographics,
type of encounter (e.g., outpatient, inpatient, or emergency room visits), date of encounter,
physician specialties, disease diagnoses (using International Classification of Diseases, Ninth
Revision, Clinical Modification [ICD-9-CM] code), medical procedures, and expenditures.20
Study Population
Patients were eligible to be included in the study if they had a new diagnosis of IBD
(ICD-9-CM code 555.xx or 556.xx) at an age of ≤24 years during the study period. The
algorithm for identification of confirmed IBD was two diagnoses within 1 year or at least one IBD
diagnosis coded by a pediatrician or gastroenterologist.21 A new diagnosis was defined as the
absence of an IBD diagnosis in the 6-month period prior to the first confirmed IBD identified.
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The date of the new diagnosis was marked as the index date. For eligible subjects, at least 6
months of continuous enrollment was required before and after the index date. In addition,
eligible patients had to have received at least one IBD medication during the follow-up period.
However, we excluded patients with a history of tuberculosis and/or medications for tuberculosis,
which is a contraindication for TNFI use. The study cohort was followed from the index date until
the health plan disenrollment date or the end of the study period, whichever came first.
Medications used for IBD consisted of systemic corticosteroids, 5-aminosalicylates
(sulfasalazine, mesalazine), thiopurines (azathioprine and 6-mercaptopurine), methotrexate,
TNFIs (infliximab, adalimumab, certolizumab, and golimumab), and other immunosuppressants
(tacrolimus, cyclosporine, rituzumab, and vedolizumab). Patients who used TNFIs in the followup period were further categorized as having received the top-down or step-up approach based
on the order of their treatment regimen. The top-down approach was defined as a dispensing of
a new TNFI prescription within 30 days of the first medication prescription for IBD (i.e., 5aminosalicylates, systemic corticosteroids, thiopurines, and/or immunosuppressants), while the
step-up approach was defined as TNFI initiation more than 30 days after the first IBD
medication prescription.19
Study Outcomes
We assessed the use of IBD medications during the follow-up period in the study cohort.
The time from IBD diagnosis to first TNFI prescription was calculated. Any switch from the initial
TNFI (the first TNFI agent) to another TNFI within 1 year was identified, and the pattern of
switching was described.
Persistence and adherence with TNFI therapy was also assessed. Persistence was
defined as continuous use of TNFIs among patients who had at least two prescriptions and who
did not switch from their initial TNFI. Any gap between two consecutive TNFI claims was
calculated, and a gap of ≤90 days was defined as continuous use. The period of continuous use
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(or time to discontinuation) was calculated as the time from the first TNFI prescription date to
the last prescription date before a gap >90 days plus half the days supply for the last
prescription. Adherence to TNFI was defined as the proportion of days covered (PDC) over a
180-day period among patients who continuously took TNFIs for ≥180 days. The total number of
days supply of TNFIs was calculated, with adjustment of overlapping days due to early refills.
PDC was calculated as adjusted total days of supply of TNFIs divided by 180 days and
multiplied by 100.22
Statistical Analyses
We described baseline demographic information and medication use patterns for the
overall study cohort, the top-down approach, and the step-up approach as well as for non-TNFI
users. Use of individual TNFI agents by age group (<12, 12-17, and 18-24 years) was
compared between the top-down and step-up approaches using chi-square tests.
Among TNFI users, the time from IBD diagnosis to first TNFI prescription was compared
by year of diagnosis using a log-rank test. A Kaplan-Meier plot was used to illustrate the
proportion of patients prescribed a TNFI by the time followed from the diagnosis. We also used
Cox hazard models to examine the hazard ratios (HR) and 95% confidence interval (CI) of TNFI
use for patients in different year of diagnosis, compared to year of 2009.
We assessed the time from first TNFI use to discontinuation by individual TNFI agent.
The proportions of patients who continuously took TNFIs for 1, 3, 6, 12, 18, and 24 months were
then compared between the top-down and step-up approaches using a log-rank test. As a
sensitivity analysis for persistence, we varied the gap from 90 days to 30, 60, and 120 days in
order to define continuous use of TNFIs. Adherence was described in mean PDC with quartile,
minimum, and maximum values. A stratified analysis was conducted to examine whether the
adherence varied by age group. In addition, we performed a sensitivity analysis of the PDC
using a 365-day period.
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The statistical software SAS version 9.4 (Cary, North Carolina, USA) and STATA 12
(College Station, Texas, USA) were used for data cleaning, extraction, and analysis. A
university Institutional Review Board (IRB) determined that this study did not involve human
subject research, and thus no IRB application and review were necessary.
RESULTS
A total of 11,962 patients with incident IBD were followed for a median of 657 days
(interquartile range 409-1,000 days); their mean age was 17.3 years (standard deviation 5.0),
and 51% were males. Of the overall cohort, 3,300 (27.6%) used TNFIs and 8,662 (72.4%) were
treated with other agents (Table 1). No differences were found in the proportions of geographic
location and corticosteroid use between TNFI and non-TNFI users. However, TNFI users
included a greater proportion of patients who were in the 12-17 year age group (38.7% vs
29.6%, p<0.0001), males (54.1% vs 49.8%, p<0.0001), methotrexate users (11.7% vs 2.3%,
p<0.0001), and thiopurine users (38.6% vs 25.4%, p<0.0001) compared to non-TNFI users but
exhibited a lower rate of 5-aminosalicylate use (52.4% vs 79.3%, p<0.0001).
Among patients taking TNFIs, 1,298 (39.3%) were treated with the top-down and 2,002
(60.7%) with the step-up approach. Under top-down treatment, TNFI therapy was the first
treatment in 76.7% of patients (i.e., there was no prior use of other IBD medications prior to
TNFI initiation). The proportion of patients receiving top-down treatment increased over the
study period (31.4%, 37.5%, 39.0%, 42.2%, and 49.8% for the years 2009 to 2013, respectively;
p for trend <0.0001). Patients who received top-down treatment were less likely to use
corticosteroids (32.5% vs 94.2%, p<0.0001), 5-aminosalicylates (17.3% vs 75.1%, p<0.0001),
methotrexate (7.2% vs 14.6%, p<0.0001), or thiopurines (13.5% vs 54.8%, p<0.0001) compared
to step-up patients.
Infliximab was the most commonly used TNFI across different age groups (Table 2).
However, the proportion of patients administered infliximab as their initial TNFI therapy was
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lower among those 18-24 years of age (55.1%) compared to those <12 years old (89.2%) and
12-17 years old (82.3%) while a contrasting pattern was observed for adalimumab (37.9%,
16.6%, and 10.6% among those 18-24, 12-17, and <12 years of age, respectively). In addition,
a consistent pattern of infliximab and adalimumab use was observed between the top-down and
step-up strategies across the three age groups: the rate of infliximab use was higher in the topdown strategy, while the rate of adalimumab use was higher in the step-up strategy.
The time from IBD diagnosis to TNFI initiation was shorter for patients who were
diagnosed more recently (log-rank test p<0.001), as shown in Figure 1. For example, among
those diagnosed with IBD in 2009, it took almost 2 years for 20% of the patients to start TNFI
therapy, while for those diagnosed in 2010, 2011, 2012, and 2013, it took about 1.5, 1, 0.6, and
0.5 years, respectively. Compared to the 2009 diagnosis group, the HR (95% CI) for receiving
TNFIs was 1.18 (1.05-1.32), 1.35 (1.20-1.52), 1.76 (1.56-1.99), and 2.01 (1.72-2.35) for patients
diagnosed in 2010, 2011, 2012, and 2013, respectively.
Among TNFI users overall, the rate of switching from one TNFI to another within 1 year
was 6.7% (Table 3). The one-year switching rate was similar between the top-down (5.7%) and
step-up strategies (7.4%). The mean time to switching after the initial TNFI prescription was 172
days for the step-up strategy and 191 days for the top-down strategy. When switching occurred,
switching from infliximab to adalimumab was the most common pattern.
As for patients who did not switch their initial TNFIs, their persistence with TNFI therapy
is shown in Table 4. The median time to discontinuation was about 300 days for infliximab,
adalimumab, and certolizumab. Depending on the individual TNFI used, a range of 77.8% to
86.1% of patients persistently received TNFI therapy for 6 months, and 67.8% to 74.8%
underwent continuous 12-month TNFI therapy. However, discontinuation of TNFI therapy was
higher in patients receiving the top-down compared to the step-up strategy (log-rank test
p=0.034). The results did not change substantially when the gap used to define continuous use
was varied from 90 days to 30, 60, or 120 days.
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Among patients who continuously took their TNFIs without switching their initial TNFI
therapies, the adherence to TNFIs was high (Table 5). The mean PDC was highest for
infliximab (95.4%), followed by adalimumab (91.0%) and certolizumab (83.7%). No patients in
the golimumab group could be followed for ≥180 days. We found no differences in the PDC

estimates between the top-down and step-up strategies. Adherence to individual TNFIs did not
vary by age group. The results were similar when PDC was calculated using a 365-day period.
DISCUSSION
In this analysis, we examined the employment of the top-down and step-up strategies in
children and young adults with IBD. This study followed IBD children and young adults for 5
years and found that 27.6% were treated with TNFIs. Childhood-onset IBD usually has more
extensive symptoms and more severe disease progression than adult-onset IBD.6,7 As a result,
children have been reported to require pharmacotherapy more often than adults. For example,
Goodhand and colleagues analyzed 200 adolescents and adults with IBD in a case-control
study and found that biological therapy (i.e., infliximab) was used more frequently in adolescents
(20%) than in adults (8%).23 Similarly, we found that 27.6% of children and young adults used
TNFIs. Our study provided additional detail on the types of TNFIs used (including the newer
agents adalimumab, certolizumab, and golimumab) and the use of these agents within age
groups. While infliximab was the dominant agent used across patients aged <12, 12-17, and 1824 years, the use of adalimumab increased with age.
Infliximab and adalimumab have similar efficacy and safety profiles in adults with
IBD.24,25 In addition, a recent network meta-analysis of 17 randomized controlled trials involving
adults with moderate to severe CD reported that infliximab and adalimumab were the most
effective therapies for inducing remission in the induction and maintenance phases,
respectively.26 Moreover, in the Gauging Adalimumab efficacy in Infliximab Non-responders
(GAIN) trial, adalimumab induced remission in 21% of adults with CD who were either intolerant
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of or nonresponsive to infliximab.27 Thus, adalimumab is often used as a second-line treatment
for patients who stop responding to infliximab. However, we found that 28.0% of IBD patients
aged 18-24 were prescribed adalimumab as the initial treatment in the top-down strategy.
Similarly, using the Stanford Translational Research Integrated Database, Park and colleagues
found a trend of increasing adalimumab use between 2007 and 2012 for both adult and
pediatric patients with IBD.11 One reason for this finding may be that the costs of infliximab as
the first-line therapy were significantly higher than the costs of adalimumab, with the higher
infliximab costs driven by both a higher drug cost and the additional cost of administration.28 In
addition, factors such as availability, patient preference, route of administration (subcutaneous
for adalimumab and intravenous infusion for infliximab), and the reimbursement policies of
individual insurance companies may have affected the prescribing decisions made by
physicians.
We found that children and young adults with IBD were treated with TNFIs more
aggressively during the time period we studied. Specifically, of TNFI users, 42.6% were treated
earlier with TNFIs (the top-down strategy), and this proportion increased from 31.4% to 49.8%
from 2009 to 2013. In addition, the time from IBD diagnosis to TNFI initiation became shorter for
patients diagnosed in more recent years. In clinical studies, the top-down strategy was
associated with a higher remission rate in both adults and children with CD.15-17 Furthermore,
Rubin and colleagues found that the top-down strategy was associated with lower concomitant
use of corticosteroids and discontinuation or switching of TNFIs in adults.19 Our findings also
revealed lower rates of corticosteroid use in children and young adults under the top-down
strategy. However, we did observe a higher rate of discontinuation of TNFIs in patients treated
with the top-down strategy. Reasons for this are unknown. ECCO and ESPGHAN guidelines do
not specify a duration for TNFI use in patients with IBD. It is possible that the top-down strategy,
a more aggressive treatment approach, is related to some causes for discontinuation, such as
occurrence of adverse events or development of anti-drug antibodies (which leads to
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ineffectiveness of TNFIs), and thus more studies are needed to confirm our findings and identify
the reasons for discontinuation.
Among IBD patients treated with the top-down strategy, we found that most used TNFI
monotherapy; only 25.8% initiated 5-aminosalicylates or thiopurines, either concomitantly or as
augmentation to TNFIs. In the Study of Biologic and Immunomodulator Naive Patients in
Crohn’s Disease (SONIC) trial, the combination of infliximab and azathioprine showed a greater
corticosteroid-free remission rate (56.8%) than use of infliximab (44.4%) or azathioprine (30.0%)
alone.29 In addition, whereas one study found that up to 61% of CD patients developed
antibodies to infliximab,30 the combination of TNFIs and immunomodulators has been
associated with a lower risk of anti-drug antibody development.29,31 However, TNFIs were
reported to be associated with an increased risk of lymphoma in children, especially when
combined with thiopurines.32,33 Prescribing of a TNFI alone as opposed to in combination with
other immunomodulators remains controversial. In our study, due to the limitations of the claims
data, we were unable to identify the reasons for physicians’ prescribing decisions or to examine
development of anti-drug antibodies in patients receiving TNFI therapy. Future studies are
needed to evaluate the effectiveness of TNFI monotherapy as opposed to combined therapy as
well as the associated clinical consequences in children and young adults with IBD.
Several limitations of our study merit discussion. First, included patients may have been
misclassified as having IBD if the disease diagnoses were coded inaccurately. However, we
made every effort to identify the IBD cohort by using an algorithm that was validated
previously21. In addition, any misclassification that may have occurred was likely nondifferential
between the top-down and step-up strategies, and would bias our results toward to the null.
Second, due to the absence of some clinical information in the claims database, such as
gastrointestinal symptoms and endoscopy results, we were unable to accurately account for the
effect of disease severity on TNFI utilization. Third, our findings for TNFI adherence should be
interpreted with caution. The claims data provided only the dates and days supply of
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prescription fills, and thus we could not determine whether patients actually took the
medications. However, adherence measurement using prescription records has been validated
previously.34,35 In addition, it may not be appropriate to compare adherence to infliximab (by
intravenous infusion) with adherence to other TNFI agents (by subcutaneous injection) because
of their different routes of administration. Furthermore, the effect of specialty pharmacy
management on adherence to TNFIs was difficult to identify and control for in our analysis.
In summary, this study characterized utilization of TNFIs in children and young adults
with IBD. Employment of the top-down strategy increased over time and the time to TNFI
initiation became shorter during the study period, indicating that a more aggressive treatment
approach has emerged for children and young adults with IBD. However, higher rates of TNFI
monotherapy and discontinuation were observed with the top-down strategy. Future studies
should evaluate the long-term benefits and risks of the top-down treatment approach to ensure
the effectiveness and safety of this emerging aggressive treatment approach for children and
young adults.
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Figure legend:
Figure 1. Kaplan-Meier plot of percentage of children and young adults with incident IBD who
initiated TNFI therapy, by the time from disease diagnosis to the start date of TNFI use
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Table 1. Demographic characteristics and medication utilization among children and young adults with incident IBD
TNFI users
Overall cohort Non-TNFI users
Overall TNFI
Top-down strategy
Step-up strategy
a
(N=11,962)
(N=8,662)
users
a
(N=2,002)
(N=3,300)
(N=1,298)
n
%
n
%
n
%
n
%
n
%
Patient characteristics at baseline
Age group
Age <12
1,594 13.3%
1,188 13.7%
406 12.3%
155
11.9%
251 12.5%
Age 12-17
3,839 32.1%
2,563 29.6%
1,276 38.7%
533
41.1%
743 37.1%
Age 18-24
6,529 54.6%
4,911 56.7%
1,618 49.0%
610
47.0%
1,008 50.4%
Male
6,096 51.0%
4,310 49.8%
1,786 54.1%
730
56.2%
1,056 52.8%
Region
Northeast
2,941 24.6%
2,175 25.1%
766 23.2%
322
24.8%
444 22.2%
Midwest
2,894 24.2%
2,050 23.7%
844 25.6%
316
24.4%
528 26.4%
South
3,974 33.2%
2,869 33.1%
1,105 33.5%
413
31.8%
692 34.6%
West
1,916 16.0%
1,386 16.0%
530 16.1%
215
16.6%
315 15.7%
Unknown
237 2.0%
182 2.1%
55
1.7%
32
2.5%
23
1.2%
b
Medication use
Corticosteroids
8,300 69.4%
5,992 69.2%
2,308 69.9%
422
32.5%
1,886 94.2%
Thiopurines
3,471 29.0%
2,199 25.4%
1,272 38.6%
175
13.5%
1,097 54.8%
Azathioprine
1,777 51.2%
1,114 50.7%
663 52.1%
98
7.6%
565 28.2%
6-mercaptopurine
1,694 48.8%
1,085 49.3%
609 47.9%
77
5.9%
532 26.6%
5-aminosalicylates
8,599 71.9%
6,871 79.3%
1,728 52.4%
224
17.3%
1,504 75.1%
588 4.9%
201 2.3%
387 11.7%
94
7.2%
293 14.6%
Methotrexate
100.0
100.0
TNFIs
3,300 27.6%
NA
NA
3,300
1,298 100.0%
2,002
%
%
Infliximab
2,303 69.8%
NA
NA
2,303 69.8%
1,034
79.7%
1,269 63.4%
Adalimumab
869 26.3%
NA
NA
869 26.3%
220
17.0%
649 32.4%
Certolizumab
123 3.7%
NA
NA
123
3.7%
44
3.4%
79
4.0%
Golimumab
5 0.2%
NA
NA
5
0.2%
0
0.0%
5
0.3%
Other
55 0.5%
44 0.5%
11
0.3%
0
0.0%
11
0.6%
immunosuppressants
a

The top-down treatment approach was defined as new TNFI prescription within 30 days of first IBD medication prescription; the step-up approach was defined as
new TNFI prescription more than 30 days after first IBD medication prescription.
b
Medication use was defined as presence of prescription claims during the follow-up period.
IBD: inflammatory bowel disease; NA: not applicable; TNFI: tumor necrosis factor-alpha inhibitor.
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Table 2. Percent of children and young adults with incident IBD prescribed a TNF inhibitor, by
age and agent
Overall TNFI users
Top-down strategy a
Step-up strategy a
P value b
n
%
n
%
n
%
Age <12
New TNFI use
406
100.0%
155 100.0%
251 100.0%
By agent
Infliximab
362
89.2%
146 94.2%
216 86.1%
0.010
Adalimumab
43
10.6%
9 5.8%
34 13.5%
0.014
Certolizumab
1
0.2%
0 0.0%
1 0.4%
1.000
Golimumab
0
0.0%
0 0.0%
0 0.0%
N/A
Age 12-17
New TNFI use
1,276
100.0%
533 100.0%
743 100.0%
By agent
Infliximab
1,050
82.3%
490 91.9%
560 75.4%
<0.0001
Adalimumab
212
16.6%
40 7.5%
172 23.1%
<0.0001
Certolizumab
13
1.0%
3 0.6%
10 1.3%
0.258
Golimumab
1
0.1%
0 0.0%
1 0.1%
1.000
Age 18-24
New TNFI use
1,618
100.0%
610 100.0%
1008 100.0%
By agent
Infliximab
891
55.1%
398 65.2%
493 48.9%
<0.0001
Adalimumab
614
37.9%
171 28.0%
443 43.9%
<0.0001
Certolizumab
109
6.7%
41 6.7%
68 6.7%
0.985
Golimumab
4
0.2%
0 0.0%
4 0.4%
0.304
a

The top-down treatment approach was defined as new TNFI prescription within 30 days of first IBD medication prescription;
the step-up approach was defined as new TNFI prescription more than 30 days after first IBD medication prescription.
b
P value was generated from chi-square test for top-down versus step-up strategy.
IBD: inflammatory bowel disease; NA: not applicable; TNFI: tumor necrosis factor-alpha inhibitor.
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Table 3. One-year TNFI switch rate by treatment strategy in children and young adults with incident IBD

Initial TNFI
therapy a
Any TNFI
Infliximab
Adalimumab
Certolizumab
Golimumab

Overall TNFI users
No.
Total
patients
Switch
users switched b rate
3,300
222
6.7%
2,303
140
6.1%
869
64
7.4%
123
17 13.8%
5

1

20.0%

Top-down strategy c
No.
Total
patients
Switch
users switched b rate
1,298
74
5.7%
1,034
54
5.2%
220
15
6.8%
44
5
11.4%
0
0
NA

Step-up strategy c
No.
Total
patients
Switch
users switched b rate
2,002
148
7.4%
1,269
86
6.8%
649
49
7.6%
79
12 15.2%
5
1 20.0%

P-value d
0.0581
0.1204
0.7195
0.7859
NA

a

Initial TNFI is the first prescribed TNFI.
b
Only patients who switched their TNFIs in the first year after initiation were included.
c
The top-down treatment approach was defined as new TNFI prescription within 30 days of first IBD medication prescription; the step-up approach was defined as
new TNFI prescription more than 30 days after first IBD medication prescription.
d
P value was generated from chi-square test for top-down versus step-up strategy.
TNFI: tumor necrosis factor-alpha inhibitor. NA: Not applicable.
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Table 4. Time to discontinuation and persistence with first prescribed TNFI among
children and young adults with incident IBD
Persistence (%) a
Duration
1
3
6
12
18
24
(days),
month months months months months months
mean (median)
Overall TNFI users
Infliximab

405 (320)

98.2%

93.2%

82.4%

71.0%

64.1%

59.7%

Adalimumab

400 (307)

98.5%

92.3%

86.1%

74.8%

68.5%

63.3v

Certolizumab

413 (316)

97.8%

77.8%

67.8%

61.7%

60.0%

Golimumab b

167 (167)

100.0%

94.4%
100.0
%

NA

NA

NA

NA

Top-down strategy c
Any TNFIs

418 (338)

97.3%

92.5%

80.8%

70.2%

61.5%

56.8%

Infliximab

411 (336)

97.3%

92.3%

80.1%

69.2%

60.1%

55.6%

Adalimumab

442 (349)

97.3%

93.4%

85.7%

73.7%

66.7%

60.0%

Certolizumab

471 (454)

97.1%

91.2%

71.9%

79.2%

70.6%

66.7%

NA

NA

NA

NA

NA

NA

Golimumab

b

Step-up strategy

NA
c

Any TNFIs

393 (301)

98.9%

93.5%

85.0%

73.0%

67.7%

63.9%

Infliximab

399 (308)

98.9%

94.1%

84.6%

72.7%

67.9%

64.0%

Adalimumab

385 (289)

98.9%

91.9%

86.3%

75.3%

69.2%

64.8%

Certolizumab

380 (298)

98.3%

81.6%

60.0%

56.7%

53.8%

Golimumab b

167 (167)

100.0%

96.4%
100.0
%

NA

NA

NA

NA

NA: Not applicable.
a
Persistence was defined as continuous claims with a gap less than 90 days.
b
Only four patients (zero in the top-down strategy and four in the step-up strategy) were included in the analysis and none of
them had enough follow-up for more than 3 months.
c
The top-down treatment approach was defined as new TNFI prescription within 30 days of first IBD medication prescription;
the step-up approach was defined as new TNFI prescription more than 30 days after first IBD medication prescription.
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Table 5. Adherence with first prescribed TNFI among children and young adults with incident IBD
Top-down strategy b

Overall TNFI users
N

Mean

Step-up strategy b

Median
(IQR)

MinMax

N

Mean

Median
(IQR)

MinMax

N

Mean

Median
(IQR)

MinMax

Infliximab a

1323 95.4%

99.5%
(95.6-100.0)

51.4100.0%

625

95.5%

99.4%
(95.6-100.0)

51.4100.0%

698

95.3%

99.4%
(95.0-100.0)

53.0100.0%

Adalimumab

497

91.0%

95.0%
(86.2-99.5)

48.6100.0%

144

90.2%

95.0%
(85.9-99.7)

50.8100.0%

353

91.3%

95.6%
(86.7-99.4)

48.6100.0%

Certolizumab

63

83.7%

84.5%
(77.4-92.8)

43.1100.0%

23

83.4%

81.2%
(77.3-95.6)

55.8%100.0%

40

83.9%

85.4%
(77.1-92.8)

43.1100.0%

a

The adherence of infliximab was assessed using the service date for infliximab intravenous infusion.
The top-down treatment approach was defined as new TNFI prescription within 30 days of first IBD medication prescription; the step-up approach was defined as
new TNFI prescription more than 30 days after first IBD medication prescription.
IQR: interquartile range; PDC: proportion of days covered.

b
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