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Abstract
Background  There are little data on positioning biologics in Crohn's disease (CD).
Aims  We aimed to assess the comparative effectiveness and safety of ustekinumab vs tumour necrosis factor-alpha (anti-
TNF) agents after first-line treatment with anti-TNF in CD.
Methods  We used Swedish nationwide registers to identify patients with CD, exposed to anti-TNF who initiated second-line 
biologic treatment with ustekinumab or second-line anti-TNF therapy. Nearest neighbour 1:1 propensity score matching 
(PSM) was used to balance the groups. The primary outcome was 3-year drug survival used as a proxy for effectiveness. 
Secondary outcomes included drug survival without hospital admission, CD-related surgery, antibiotics, hospitalization due 
to infection and exposure to corticosteroids.
Results  Some 312 patients remained after PSM. Drug survival at 3 years was 35% (95% CI 26–44%) in ustekinumab com-
pared to 36% (95% CI 28–44%) in anti-TNF-treated patients (p = 0.72). No statistically significant differences were observed 
between the groups in 3-year survival without hospital admission (72% vs 70%, p = 0.99), surgery (87% vs 92%, p = 0.17), 
hospital admission due to infection (92% vs 92%, p = 0.31) or prescription of antibiotics (49% vs 50%, p = 0.56). The pro-
portion of patients continuing second-line biologic therapy did not differ by reason for ending first-line anti-TNF (lack of 
response vs intolerance) or by type of first-line anti-TNF (adalimumab vs infliximab).
Conclusion  Based on data from Swedish routine care, no clinically relevant differences in effectiveness or safety of second-
line ustekinumab vs anti-TNF treatment were observed in patients with CD with prior exposure to anti-TNF.

Keywords  Crohn’s disease · Ustekinumab · Anti-TNF · Comparative effectiveness · Comparative safety · Population-based 
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Inflammatory Bowel Disease

Introduction

The therapeutic landscape for Crohn's disease (CD) is rapidly 
evolving and the introduction of novel drugs raises questions 
about drug positioning and how to optimize treatment algo-
rithms [1]. The tumour necrosis factor-alpha agents (anti-TNF) 
infliximab and adalimumab were the first biologic agents to be 
approved for the treatment of moderate to severe CD refractory 
or intolerant to conventional therapy (Supplementary Table 1).
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During the past decade, alternative biologics with novel 
mechanisms of action have become available [2]. The 
interleukin-inhibitor ustekinumab, a humanized mono-
clonal antibody directed toward the common p40 subunit 
of interleukin-12 and interleukin-23, is the most recently 
approved agent [3]. In several countries, choice of first‐line 
biologic treatment and treatment patterns have been heav-
ily influenced by the introduction of anti‐TNF biosimilars 
and the cost savings associated with these drugs. However, 
many patients with CD do not respond to first-line anti-TNF 
treatment, lose response over time or stop treatment due to 
intolerance [4, 5].

While head-to-head trials directly comparing the efficacy 
and tolerability of different biologic agents by order of expo-
sure have been performed in other inflammatory disorders 
(e.g., rheumatoid arthritis [6], plaque psoriasis [7] and ulcer-
ative colitis) [8], only one such study (the SEAVUE trial) 
has been conducted in patients with CD [9]. However, the 
SEAVUE trial was restricted to adult biologic-naïve patients 
with CD without concurrent treatment with immunomodula-
tors [9]. Therefore, it remains unclear whether patients with 
CD who have failed first‐line anti‐TNF treatment should be 
treated with ustekinumab or an alternative anti‐TNF agent.

Observational studies on the comparative effectiveness of 
biologics in CD have reported inconsistent and contradictory 
findings [10–13]. Their interpretation is challenged by the 
inclusion of heterogeneous patient populations (e.g., a mix 
of patients with first- and second-line biologic treatment).

In clinical practice, the most common reasons for discon-
tinuation of a biologic agent are lack or loss of effectiveness 
and adverse drug reactions [14, 15]. Therefore, drug survival 
may be used as a context-specific proxy for effectiveness 
and safety [16]. However, other factors may influence drug-
survival rates, including patient population characteristics. 
If channelling bias is present, there may be an imbalance 
in these factors by drug or treatment line. One way to limit 
the influence of channelling bias is to restrict comparisons 
to second-line biologic treatment, where the initial chan-
nelling was to a different biologic agent [16], and to apply 
propensity score matching (PSM).

We conducted a nationwide population-based cohort 
study to compare drug survival and tolerability of usteki-
numab vs anti-TNF treatment as second-line treatment in 
CD. We performed propensity score‐matched analyses to 
account for potential confounding.

Materials and Methods

Setting

The Swedish healthcare system is primarily tax-funded 
and offers universal access to health care. Prescription of 

medicines above SEK 2300 a year (approximately 230 EUR) 
is provided free of charge. In Sweden, all health care provid-
ers (public and private) must report information to National 
administrative and healthcare registers.

In this population-based nationwide study we used the 
unique personal identification number (PIN) issued to all 
Swedish residents to link data from the National Patient 
Register (NPR) with the Prescribed Drug Register and the 
Swedish Quality Register for Inflammatory Bowel Disease 
(SWIBREG) [17]. The NPR contains information on inpa-
tient care, with nationwide coverage since 1987. From 1997 
onwards, information about surgical day care procedures was 
added. Since 2001, the register has had complete coverage 
of all non-primary care outpatient visits (e.g., all outpatient 
visits to gastroenterologists, paediatric gastroenterologists 
or surgeons) [18]. Although the NPR includes some data on 
infusion therapies, including biologics, the coverage of infu-
sion therapies is generally poor and varies between counties 
[19].

The Prescribed Drug Register, launched in 2005, includes 
all prescribed drugs dispensed at Swedish pharmacies. How-
ever, it does not have data on over-the-counter medication 
and infusion biologics are poorly covered [20].

SWIBREG, founded in 2005, contains information about 
clinical inflammatory bowel disease (IBD) variables such 
as date of diagnosis, disease phenotype and medical treat-
ment. Using the NPR as the gold standard, SWIBREG cov-
ers > 65% of all patients with IBD in Sweden, with cover-
age of 100% at 4 hospitals and 90% at 12 hospitals [21]. 
Since infusion biologics are incompletely captured in the 
NPR, information on biologics was supplemented with 
data from SWIBREG [19]. In SWIBREG, the following 
criteria are used to classify reasons for drug termination: 
lack of response (termination because of primary or sec-
ondary non-response), intolerance (discontinuation due to 
side effects, including infusion reactions) and other reasons 
(e.g., pregnancy).

Patients

Patients with CD were identified from the NPR and 
SWIBREG. CD was defined as having at least one relevant 
International Classification of Diseases (ICD) code in the 
NPR along with at least one diagnosis of CD in SWIBREG 
(Supplementary Table 2). According to patient chart data, a 
previous validation study found that > 99% of patients ful-
filling this definition were confirmed to have CD [22]. Data 
from the SWIBREG and NPR were used to classify pheno-
types of CD according to the Montreal classification (Sup-
plementary Table 4) [23]. All patients with CD who were 
exposed to an anti‐TNF (infliximab or adalimumab) as a 
first‐line biologic treatment and received ustekinumab or an 
anti‐TNF agent (infliximab or adalimumab) as a second‐line 
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biologic treatment between 1999 and 2019 were identified. 
IBD drugs were classified according to Anatomical Thera-
peutic Chemical [ATC] codes and are summarized in Sup-
plementary Table 3. 

Patients were excluded if they were aged < 18 years at 
the start of second-line biologic treatment, were exposed 
to natalizumab, vedolizumab or an anti-TNF agent not 
approved for the treatment of CD (e.g. etanercept), as first-
line treatment or exposed to any biologics before the date 
of diagnosis of CD. Switching from a reference product to 
a biosimilar was not considered discontinuation. The bio-
similars for infliximab available in Sweden are Flixabi®, 
Zessly®, Remsima® and Inflectra® and those for adali-
mumab are Amgevita®, Imraldi®, Hyrimoz®, Idaco®, 
and Hulio®. To allow a minimum follow-up of 12 months, 
patients were followed from initiation of second-line bio-
logic until emigration, death or end of the study period (i.e. 
31 December 2020), whichever occurred first.

Outcomes

The primary outcome was drug survival, used as a proxy 
for clinical effectiveness and safety. Information from the 
SWIBREG, the Prescribed Drug Register and the NPR was 
combined to determine drug survival rates. The earliest 
available start date and latest available stop date were used 
when treatment initiation and termination dates were incon-
sistently recorded in the different registers (detailed infor-
mation is provided in the Supplementary Methods section).

Secondary outcomes were clinical effectiveness and 
safety assessed by survival without (a) hospital admis-
sion because of CD or CD-related surgery (Supplementary 
Tables 2 and 5), (b) CD-related surgery (Supplementary 
Table 5), (c) prescription of antibiotics (used as a proxy for 
infection, Supplementary Table 6) and (d) hospital admis-
sion with infection as principal or secondary diagnosis (as 
a proxy for severe infection, Supplementary Table 7). We 
also assessed the cumulative steroid dose in prednisolone 
equivalents (Supplementary Table 8). Five categories of cor-
ticosteroid exposure were used during the first 3 years after 
the start of second-line biologic treatment, corresponding to 
approximately 0–4 courses of corticosteroids (Supplemen-
tary Table 9).

In addition, we performed explorative analyses and exam-
ined drug survival of second-line biologic agents by reason 
for cessation of first anti-TNF treatment, according to the 
criteria used in SWIBREG (lack of response or intolerance). 
Finally, we assessed drug survival of the second-line bio-
logic agent as a function of the first anti-TNF used. Four 
switching patterns were compared in this analysis: inflixi-
mab to adalimumab, adalimumab to infliximab, infliximab 
to ustekinumab, and adalimumab to ustekinumab.

Propensity Score

To control for potential confounders we performed 1:1 near-
est neighbour PSM. The propensity score for ustekinumab 
exposure was estimated by a logistic regression model 
including the following covariates available at baseline: 
sex, year of diagnosis, year of initiation of the first anti-
TNF treatment, year of the start of the second-line biologic 
treatment, disease duration, age, disease behaviour, presence 
of perianal disease, disease location, previous CD-related 
surgery, corticosteroid use within the last 6 months, combi-
nation therapy with an immunomodulator, reason for termi-
nation of the first anti-TNF therapy according to the criteria 
used in SWIBREG (lack of response, intolerance, other) 
and the first anti-TNF agent (infliximab or adalimumab). 
We assessed the covariate balance in the matched cohort by 
checking standardized differences between matched groups 
and plotting histograms of propensity scores before and after 
matching. A covariate was considered well balanced if the 
standardized difference was < 10% [24].

Statistics

Non-normally distributed data on a continuous scale are pre-
sented as median with interquartile range (IQR), and differ-
ences between groups were assessed using the Mann–Whit-
ney U-test. Categorical data are expressed as frequencies 
and percentages. Differences between groups were assessed 
using the Pearson Chi-square test or Fisher's exact test when 
appropriate. Kaplan–Meier curves were plotted to visualize 
time-dependent outcomes. Univariable Cox proportional 
hazard regression analyses were used to compare groups.

All tests were two‐tailed and p-values < 0.05 were con-
sidered statistically significant. Statistical analyses were 
performed using SAS® version 9.4 software (SAS Institute 
Inc., Cary, NC, USA).

Results

Cohort of Second‑Line Treated Patients

We identified 17,633 patients with CD, of whom 5761 
were exposed to first-line anti-TNF (adalimumab or inf-
liximab) treatment between 1999 and 2019. Of these 5761 
patients, 973 started second-line biologic therapy (anti-TNF, 
n = 815; ustekinumab, n = 158; Supplementary Fig. 1) before 
2019/31/12. After PSM, 312 patients were included in the 
study cohort (anti-TNF, n = 156; ustekinumab, n = 156; Sup-
plementary Fig. 1). Table 1 describes the cohort's clinical 
and demographic characteristics before and after PSM. In 
the propensity score-matched cohort all baseline character-
istics, as assessed by standardized differences, were well 
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balanced between the groups. Histograms of estimated 
propensity scores and switching patterns between different 
biologic treatments are presented in Supplementary Figs. 1 
and 2.

Effectiveness

Among patients treated with ustekinumab as second-line 
biologic treatment, drug survival at 1 year was 58% (95% CI 
50–65%) as compared to 58% (95% CI 50–65%) in patients 
who received anti-TNF treatment (p = 0.87; Fig. 1). The cor-
responding figures at 3 years were 35% (95% CI 26–44%) 
and 36% (95% CI 28–44%), respectively (p = 0.72). At 
3 years from treatment start, reasons for termination were 
similar between patients who received ustekinumab (lack of 
response, n = 26; intolerance, n = 11; other reason, n = 54) 
and anti-TNF treatment (lack of response, n = 30; intoler-
ance, n = 21; other reason, n = 52).

The 3-year survival without CD-related hospital admis-
sion did not differ between patients treated with second-line 
ustekinumab (72%, 95% CI 62–80%) and anti-TNF (70%, 
95% CI 60–78%) (p = 0.99; Fig. 2A). No difference in 3-year 
survival without CD-related surgery (87%, 95% CI 93–76%) 
vs (92%, 95% CI 85–96%; p = 0.33; Fig. 2B) or prescrip-
tion of corticosteroids (53%, 95% CI 42–62%) vs (55%, 95% 
CI 45–63%; p = 0.95) was observed between patients with 
ustekinumab and patients with adalimumab, respectively. 
The cumulative corticosteroid exposure at 3 years stratified 
by second-line biologic therapy is depicted in Fig. 3.

Safety

At 3 years, survival without at least one course of antibiot-
ics was similar between patients treated with second-line 
ustekinumab (49%, 95% CI 34–62%) and an anti-TNF agent 
(50%, 95% CI 37–61%) (p = 0.56; Fig. 2C). No significant 
difference in survival without hospital admission due to an 
infection as the primary or secondary diagnosis was found 
between the groups: 92% (95% CI 85–96%) in ustekinumab 
vs 92% (95% CI 83–96%; p = 0.31; Fig. 2D) in anti-TNF.

Drug Survival by Switching Strategies

When assessing the drug survival of second-line biologic 
therapy by different switching patterns, no statistically sig-
nificant differences were observed. Drug survival at 3 years 
was 39% (95% CI 27–50%) in patients switching from inf-
liximab to adalimumab, 35% (95% CI 24–47%) in patients 
switching from infliximab to ustekinumab, 33% (95% CI 
23–44%) in patients switching from adalimumab to inflixi-
mab and 36% (95% CI 24–49%) in patients switching from 
adalimumab to ustekinumab.

Drug Survival by Reason for Suspension of the First 
Anti‐TNF Agent

When comparing the second-line biologic therapies by 
reason for termination of the first-line biologic treatment, 
no statistically significant differences were noted. Among 
patients with CD who stopped first-line anti-TNF because of 
lack of response, the 3-year drug survival was 29% (95% CI 
17–43%) in patients treated with ustekinumab compared to 
34% (95% CI 23–46%) in patients treated with an anti-TNF 
agent (p = 0.46). The corresponding figures for patients who 
discontinued first-line anti-TNF due to intolerance were 38% 
(95% CI 21–55%) and 44% (95% CI 26–61%; p = 0.75).

Discussion

In this nationwide propensity score-matched cohort study 
of patients with CD in Sweden, we compared long-term 
drug survival and safety of ustekinumab vs anti-TNF as a 
second-line biologic treatment after first-line anti-TNF expo-
sure. In a propensity score-matched cohort of 312 patients, 
assembled from 5761 patients with CD exposed to first-line 
anti-TNF treatment, similar short- and long-term estimates 
of clinical effectiveness and safety were observed for usteki-
numab and anti-TNF.

We have previously shown that less than half of all 
patients with CD who initiate first-line anti-TNF treatment 
in Sweden continue the drug after 3 years [25]. Accordingly, 
many patients require sequential therapies over their dis-
ease course. Unfortunately, data to guide clinicians on how 
to position different biologics are inadequate, with limited 
external validity due to strict inclusion criteria [9, 26, 27]. 
No differences in clinical remission, endoscopic remission 
or infections were seen between groups in the recent head-
to-head SEAVUE trial, where biologic-naïve patients with 
CD were randomized to ustekinumab or adalimumab [9]. 
Thus, our results indicate that the outcome from the SEA-
VUE trial may apply to a broader population of patients with 
CD, including those who have previously failed an anti-TNF 
agent.

Our results are also supported by a recent network meta-
analysis, where the authors ranked different biologics by 
combining the results from six randomized trials involving 
1606 patients with CD [28]. In the meta-analysis, usteki-
numab and adalimumab were top-ranked for induction of 
clinical remission in patients with CD with prior exposure 
to anti-TNF [28]. Despite a similar summary estimate, the 
certainty in the evidence for adalimumab was downgraded 
for indirectness (because of inclusion of patients with prior 
response or intolerance to anti-TNF agents only) and impre-
cision (because of few events). In patients with response to 
induction therapy the maintenance rate over 12 months was 
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Table 1   Baseline demographics and clinical characteristics of patients with Crohn's disease

Overall cohort
(N = 973)

Standardized
difference

Propensity score-matched cohort
(N = 312)

Standard-
ized dif-
ference

Ustekinumab Anti-TNF Ustekinumab Anti-TNF

n = 158 n = 815 n = 156 n = 156

Sex, no (%)
 Male 89 (56.3%) 419 (51.4%) 0.099 88 (56.4%) 94 (60.3%) − 0.078
 Female 69 (43.7%) 396 (48.6%) − 0.099 68 (43.6%) 62 (39.7%) 0.078

Year of Crohn’s disease onset, no (%)
 1961–1990 19 (12.0%) 73 (9.0%) 0.100 17 (10.9%) 20 (12.8%) − 0.060
 1991–2000 20 (12.7%) 103 (12.6%) 0.001 20 (12.8%) 27 (17.3%) − 0.126
 2001–2010 46 (29.1%) 250 (30.7%) − 0.034 46 (29.5%) 43 (27.6%) 0.043
 2011–2019 73 (46.2%) 389 (47.7%) − 0.031 73 (46.8%) 66 (42.3%) 0.090

Year of first-line anti-TNF treatment, no 
(%)

 1999–2009 21 (13.3%) 123 (15.1%) − 0.052 21 (13.5%) 30 (19.2%) − 0.156
 2010–2014 47 (29.7%) 356 (43.7%) − 0.292 46 (29.5%) 67 (42.9%) − 0.283
 2015–2019 90 (57.0%) 336 (41.2%) 0.319 89 (57.1%) 59 (37.8%) 0.392

Year of second-line treatment, no (%)
 2014–2015 2 (1.3%) 253 (31.0%) − 0.885 2 (1.3%) 46 (29.5%) − 0.849
 2016–2017 35 (22.2%) 299 (36.7%) − 0.323 35 (22.4%) 63 (40.4%) − 0.394
 2018–2019 121 (76.6%) 263 (32.3%) 0.993 119 (76.3%) 47 (30.1%) 1.043

Disease duration in years
 Mean (SD) 12.5 (12.1) 10.0 (9.9) 0.225 12.0 (11.3) 11.9 (11.3) 0.007
 Median (IQR) 8.6 (3.8–17.7) 6.8 (2.6–14.5) – 8.5 (3.6–16.8) 8.9 (2.5–17.7) –
 Range, min–max 0.2–56.6 0.1–51.5 – 0.2–47.6 0.2–51.5 –

Age in years
 Mean (SD) 42.2 (14.6) 36.7 (15.5) 0.363 41.9 (14.4) 41.5 (15.9) 0.029

Median (IQR) 41.4 (30.0–53.9) 33.6 (24.3–48.2) – 41.2 (29.9–53.8) 40.7 (26.8–53.1) –
 Range, min–max 12.5–74.8 9.1–78.8 – 12.5–74.8 11.6–75.3 –
 Categories, no (%)

   < 18 years 5 (3.2%) 69 (8.5%) − 0.228 5 (3.2%) 6 (3.8%) − 0.035
  18–39 years 71 (44.9%) 438 (53.7%) − 0.177 71 (45.5%) 70 (44.9%) 0.013
  40–59 years 59 (37.3%) 230 (28.2%) 0.195 59 (37.8%) 55 (35.3%) 0.053

   ≥ 60 years 23 (14.6%) 78 (9.6%) 0.154 21 (13.5%) 25 (16.0%) − 0.072
Behaviour, no (%)
 Non-stricturing, non-penetrating (B1) 83 (52.5%) 518 (63.6%) − 0.225 83 (53.2%) 78 (50.0%) 0.064
 Stricturing (B2) or Penetrating (B3) 75 (47.5%) 297 (36.4%) 0.225 73 (46.8%) 78 (50.0%) − 0.064

Perianal disease, no (%)
 Yes 43 (27.2%) 207 (25.4%) 0.041 42 (26.9%) 40 (25.6%) 0.029
 No 115 (72.8%) 608 (74.6%) − 0.041 114 (73.1%) 116 (74.4%) − 0.029

Location, no (%)
 Ileal (L1) or Ileocolonic (L3) or location
not defined (LX)

124 (78.5%) 637 (78.2%) 0.008 122 (78.2%) 125 (80.1%) − 0.047

 Colonic (L2) 34 (21.5%) 171 (21.0%) 0.013 34 (21.8%) 31 (19.9%) 0.047
 Missing (no diagnosis after 1997) 0 7 (0.9%) − 0.132 0 0 –

Medication, no (%)
 Corticosteroids within the last 6 months 66 (41.8%) 314 (38.5%) 0.066 65 (41.7%) 61 (39.1%) 0.052
 Combination therapy with an immu-

nomodulatory
57 (36.1%) 328 (40.2%) − 0.086 57 (36.5%) 58 (37.2%) − 0.013

Previous IBD-related surgery, no (%)
 Yes 63 (39.9%) 219 (26.9%) 0.278 61 (39.1%) 62 (39.7%) − 0.013
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lower for ustekinumab (39%) than adalimumab (58%) and 
infliximab (48%), although the results of the network meta-
analysis have been questioned [29]. 

Contrary to the results of the SEAVUE trial and our 
propensity score-matched cohort, Ahmed et al. reported 
a lower clinical response/remission rate after 4–16 weeks 
of ustekinumab therapy (50%) compared to adalimumab 
treatment (73%) among 163 patients with CD at a tertiary 
referral center in Alabama, USA [10]. However, this cohort 
represented a mix of patients with first- and second-line 
treatment. After stratification by previous anti-TNF expo-
sure, ustekinumab was associated with a numerically higher 

clinical response rate among patients exposed to anti-TNF 
[10].

The overall drug survival rates for ustekinumab and anti-
TNF in our cohort are consistent with some previous real-
world cohort studies [30, 31]. For instance, in a Belgian 
study of 152 patients with CD, of whom 99% were previ-
ously exposed to an anti-TNF agent, 93 (61%) continued 
ustekinumab therapy until week 52 [32]. In a meta-analysis 
of 37 observational studies, Gasport et al. reported differ-
ences in response to second-line anti-TNF depending on the 
reason for discontinuance of the first anti-TNF treatment 
[30]. Higher response and remission rates were observed 
when the reason for termination of the first anti-TNF was 
intolerance than when it was treatment failure, i.e. second-
ary loss of response or primary non-response. We could 
not confirm these findings in the patients treated with anti-
TNF or ustekinumab. One possible explanation was our 
inability to distinguish patients with primary and second-
ary loss of response. In Gasport et al.'s meta-analysis 45% 
of patients who switched to adalimumab due to secondary 
loss of response to infliximab achieved remission. In con-
trast, the corresponding figure in patients with a primary 
non-response to infliximab was 31% [30]. Another potential 
explanation could be differences between patient popula-
tions. We included patients treated with second-line usteki-
numab or anti-TNF therapy in various care contexts, includ-
ing regional and university hospitals, whereas the origin of 
most of the cohorts in the meta-analysis was from referral 
centers.

In the network meta-analysis described above Singh et al. 
also ranked biologics based on the risk of infections [28]. 
Overall, infliximab and ustekinumab had the lowest risk 

Table 1   (continued)

Overall cohort
(N = 973)

Standardized
difference

Propensity score-matched cohort
(N = 312)

Standard-
ized dif-
ference

Ustekinumab Anti-TNF Ustekinumab Anti-TNF

n = 158 n = 815 n = 156 n = 156

 No 95 (60.1%) 596 (73.1%) − 0.278 95 (60.9%) 94 (60.3%) 0.013
Reason for termination of first anti-TNF, 

no (%)
 Lack of response 76 (48.1%) 260 (31.9%) 0.335 74 (47.4%) 76 (48.7%) − 0.026
 Intolerance 31 (19.6%) 224 (27.5%) − 0.186 31 (19.9%) 31 (19.9%) 0.000
 Other reason 51 (32.3%) 331 (40.6%) − 0.174 51 (32.7%) 49 (31.4%) 0.027

Type of first anti-TNF, no (%)
 Infliximab 72 (45.6%) 636 (78.0%) − 0.709 72 (46.2%) 74 (47.4%) − 0.026
 Adalimumab 86 (54.4%) 179 (22.0%) 0.709 84 (53.8%) 82 (52.6%) 0.026

Propensity score
 Mean (SD) 0.25 (0.14) 0.15 (0.11) 0.813 0.24 (0.13) 0.24 (0.13) 0.033
 Median (IQR) 0.23 (0.13–0.35) 0.11 (0.07–0.18) – 0.23 (0.13–0.34) 0.22 (0.12–0.34) –
 Range, min–max 0.04–0.62 0.03–0.51 – 0.04–0.55 0.04–0.51 –

Fig. 1   Kaplan–Meier curves in a propensity score-matched cohort of 
patients with Crohn’s disease illustrating drug survival on second-line 
biologic treatment
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Fig. 2   Kaplan–Meier curves in a propensity score-matched cohort of 
patients with Crohn’s disease illustrating time to A Crohn's disease-
related hospital admission or surgery, B Crohn's disease-related sur-

gery, C prescription of antibiotics and D hospital admission due to 
infection in patients on second-line biologic treatment

Fig. 3   Cumulative corticoster-
oid exposure (mg prednisolone 
equivalents) during the first 
3 years after the start of second-
line biologic treatment in a pro-
pensity score-matched cohort of 
patients with Crohn’s disease. 
The five categories roughly 
correspond to 0–4 courses of 
corticosteroids
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of infections in maintenance trials, while adalimumab was 
associated with a higher risk. However, differences in dis-
ease control, clinical characteristics and study design may 
have influenced these findings because high disease activity, 
corticosteroid exposure and narcotic use represent important 
risk factors of severe infections, irrespective of which bio-
logic therapy is applied [33–35]. We used prescriptions of 
antibiotics as a proxy for infections and hospital admission, 
with infection as a primary or secondary diagnosis as a sur-
rogate marker for severe infections. Compared to the general 
Swedish population, the observed rate of severe infections 
seemed to be increased [36]. However, no statistically sig-
nificant differences in drug survival without prescription 
of antibiotics or hospital admission due to infection were 
detected between patients on second-line ustekinumab and 
anti-TNF therapy. Comparing our results with those from 
the network meta-analysis is challenging because second-
line anti-TNF therapy in our study represented an equal mix 
of infliximab and adalimumab treatment. Furthermore, we 
could not include the use of narcotics or endoscopic activity 
at baseline in our propensity score matching.

To our knowledge, this is the first real-world cohort 
study to address the long-term comparative effectiveness 
and safety of ustekinumab vs anti-TNF when used as a 
second-line biological treatment after anti-TNF exposure. 
Real-world observational studies that assess and compare 
clinical effectiveness or safety of different biologics are 
vulnerable to channelling bias due to confounding by indi-
cation and disease severity. Channelling bias is introduced 
when drugs with similar indications are non-randomly pre-
scribed to groups of patients with prognostic differences. By 
restricting the study population to patients on second-line 
therapy after previous anti-TNF exposure, we could limit the 
impact of channelling bias (i.e. patients with ustekinumab 
were enrolled from a pool of patients initially directed to 
treatment with infliximab or adalimumab). Another major 
strength is the nationwide design, which ensures generaliz-
ability to patients exposed to ustekinumab in routine medical 
practice. Access to a large study population with information 
on possible confounders allowed us to perform propensity 
score matching to address potential confounders further. 
Unique to every Swedish resident, the PIN allowed us to 
follow patients regardless of their residential area and with 
virtually complete follow-up.

An important limitation of this study is the observa-
tional design. Although we attempted to reduce the impact 
of channelling by including patients with prior anti-TNF 
exposure only and balancing groups by PSM, residual con-
founding from other unknown factors cannot be excluded. 
The absence of information about therapeutic drug moni-
toring, smoking habits, dose optimization, clinical dis-
ease activity, biochemical markers, potential side effects 
and endoscopic activity are other limitations. Methods to 

determine anti-TNF concentrations and detect anti-drug 
antibodies became available in Sweden in 2012–2013 
[37]. Information on drug concentration and potential 
anti-drug antibodies may have influenced the decision to 
switch from anti-TNF to ustekinumab instead of another 
anti-TNF agent. Another potential limitation was applying 
drug survival as a proxy for clinical effectiveness. Using 
this surrogate marker, we assume that patients continue 
treatment if it reduces disease activity and prevents flares 
without causing unacceptable side effects. However, other 
factors may affect drug survival, including dose optimiza-
tion, compliance, psychological factors and the number of 
alternative treatment options [38].

In conclusion, in this large population-based cohort of 
patients with CD no evidence of clinically relevant dif-
ferences in drug survival or safety could be discerned 
between patients treated with ustekinumab and anti-TNF 
as second-line biologic therapy in Swedish routine care.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10620-​023-​07897-2.
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