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disease: a prospective, multicentre, cohort study

Nicholas A Kennedy, Graham A Heap, Harry D Green, Benjamin Hamilton, Claire Bewshea, Gareth | Walker, Amanda Thomas, Rachel Nice,
Mandy H Perry, Sonia Bouri, Neil Chanchlani, Neel M Heerasing, Peter Hendy, Simeng Lin, Daniel R Gaya, J R Fraser Cummings,

Christian P Selinger, Charlie W Lees, Ailsa L Hart, Miles Parkes, Shaji Sebastian, John C Mansfield, Peter M Irving, James Lindsay,

Richard K Russell, Timothy ] McDonald, Dermot McGovern, James R Goodhand, Tarig Ahmad, UK Inflammatory Bowel Disease
Pharmacogenetics Study Group*

Summary
Background Anti-TNF drugs are effective treatments for the management of Crohn’s disease but treatment
failure is common. We aimed to identify clinical and pharmacokinetic factors that predict primary non-
response at week 14 after starting treatment, non-remission at week 54, and adverse events leading to drug
withdrawal.

Methods The personalised anti-TNF therapy in Crohn’s disease study (PANTS) is a prospective observational UK-wide
study. We enrolled anti-TNF-naive patients (aged =6 years) with active luminal Crohn’s disease at the time of first
exposure to infliximab or adalimumab between March 7, 2013, and July 15, 2016. Patients were evaluated for 12 months
or until drug withdrawal. Demographic data, smoking status, age at diagnosis, disease duration, location, and
behaviour, previous medical and drug history, and previous Crohn’s disease-related surgeries were recorded at baseline.
At every visit, disease activity score, weight, therapy, and adverse events were recorded; drug and total anti-drug
antibody concentrations were also measured. Treatment failure endpoints were primary non-response at week 14, non-
remission at week 54, and adverse events leading to drug withdrawal. We used regression analyses to identify which
factors were associated with treatment failure.

Findings We enrolled 955 patients treated with infliximab (753 with originator; 202 with biosimilar) and 655 treated
with adalimumab. Primary non-response occurred in 295 (23-8%, 95% CI 21-4-26-2) of 1241 patients who were
assessable at week 14. Non-remission at week 54 occurred in 764 (63-1%, 60-3—65-8) of 1211 patients who were
assessable, and adverse events curtailed treatment in 126 (7-8%, 6-6-9-2) of 1610 patients. In multivariable
analysis, the only factor independently associated with primary non-response was low drug concentration at
week 14 (infliximab: odds ratio 0-35 [95% CI 0-20-0-62], p=0-00038; adalimumab: 0-13 [0-06-0-28], p<0-0001);
the optimal week 14 drug concentrations associated with remission at both week 14 and week 54 were 7 mg/L for
infliximab and 12 mg/L for adalimumab. Continuing standard dosing regimens after primary non-response was
rarely helpful; only 14 (12-4% [95% CI 6-9-19-9]) of 113 patients entered remission by week 54. Similarly, week 14
drug concentration was also independently associated with non-remission at week 54 (0-29 [0-16-0-52] for
infliximab; 0- 03 [0-01-0-12] for adalimumab; p<0-0001 for both). The proportion of patients who developed anti-
drug antibodies (immunogenicity) was 62-8% (95% CI 59-0-66-3) for infliximab and 28-5% (24-0-32-7) for
adalimumab. For both drugs, suboptimal week 14 drug concentrations predicted immunogenicity, and the
development of anti-drug antibodies predicted subsequent low drug concentrations. Combination immuno-
modulator (thiopurine or methotrexate) therapy mitigated the risk of developing anti-drug antibodies (hazard
ratio 0-39[95% CI 0-32-0-46] for infliximab; 0- 44 [0-31-0 - 64] for adalimumab; p<0- 0001 for both). For infliximab,
multivariable analysis of immunododulator use, and week 14 drug and anti-drug antibody concentrations showed
an independent effect of immunomodulator use on week 54 non-remission (odds ratio 0-56 [95% CI 0-38-0-83],
p=0-004).

Interpretation Anti-TNF treatment failure is common and is predicted by low drug concentrations, mediated in part
by immunogenicity. Clinical trials are required to investigate whether personalised induction regimens and treatment-

to-target dose intensification improve outcomes.
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Research in context

Evidence before this study

We searched PubMed from Jan 1, 1974, to Sept 18, 2018, with
the terms “Crohn’s disease” AND “antitumor necrosis factor” or
“anti-tumour necrosis factor” or “infliximab” or “adalimumab” or
“anti TNF” or “anti-TNF” or “anti-tumour necrosis factor” AND
“clinical response” or “efficacy” or “primary non-response” or
“immunogenicity”. We cross checked the reference lists of review
articles and landmark studies. We identified 11 previous
systematic reviews, five with meta-analyses: 127 original articles
reported factors associated with treatment failure. These studies
were mostly retrospective or cross-sectional in design (n=85),
done in adults (n=110), subject to tertiary centre bias (n=64),
restricted to the use of infliximab (n=85), or too small to permit
predictive multivariable analyses (n=75). In summary, multiple
patient, disease, and pharmacokinetic factors, including anti-TNF
drug and anti-drug antibody concentrations (immunogenicity),
have been implicated in anti-TNF treatment failure, but their
relative effects and interactions have not been fully explored, and
target drug concentrations have not been validated.

Added value of this study

We enrolled 1610 patients with active luminal Crohn’s disease
treated with infliximab (originator and biosimilar) or
adalimumab. To our knowledge, this is the largest prospective
study of anti-TNF therapy in inflammatory bowel disease done
so far. Patients were recruited from 120 UK hospitals, reflecting
real-life practice in specialist and non-specialist inflammatory
bowel disease centres. Consistent with the registration studies,
about a quarter of patients had primary non-response to
anti-TNF therapy, a third of initial responders lost response, and
only a third were in remission at week 54. Treatment failure,

Introduction

The anti-TNF monoclonal antibodies infliximab and
adalimumab are effective treatments for patients with
Crohn’s disease refractory to conventional therapies.
Successful treatment leads to mucosal healing, reduced
hospitalisations (ie, admissions to hospital) and sur-
geries, and improvement in quality of life."

Unfortunately, anti-TNF treatment failure is common:
10-40% of patients do not respond to induction therapy
(primary non-response),®® 24-46% of patients have
secondary loss of response in the first year of treatment,’
and approximately 10% have an adverse drug reaction
that curtails treatment.”

Multiple patient, disease, and drug related factors have
been implicated in anti-TNF treatment failure," but their
relative effects, interactions, and effect on drug and anti-
drug antibody concentrations have not been explored in
an adequately powered prospective study. Early identi-
fication of patients at risk of treatment failure might help
facilitate direct monitoring, early dose optimisation, and
use of strategies to mitigate the development of anti-drug
antibodies, allowing these drugs to be used in a safer,
more cost-effective manner.

safety, and proportion of patients who developed anti-drug
antibodies were similar between patients taking infliximab and
the biosimilar. Clinical variables that were associated with
treatment failure were week 14 drug concentrations and
immunogenicity. We observed a bidirectional negative
relationship between drug concentration and immunogenicity:
low drug concentrations at week 14 were the main factor
associated with immunogenicity by week 54, and conversely
immunogenicity was the main factor associated with low drug
concentrations by week 54, most likely via clearance of drug.
Immunogenicity was twice as common in infliximab-treated
than adalimumab-treated patients at week 54, and combination
therapy with a thiopurine or methotrexate mitigated this risk.

Implications of the available evidence

Anti-TNF treatment failure is associated with suboptimal drug
concentrations, suggesting it might be possible to improve
Crohn'’s disease outcomes by boosting effective drug
concentrations. Dose intensification during induction in at-risk
individuals (eg, patients with obesity, smokers, and patients with
more active disease) and iterative dose adjustment—aiming for
higher target drug concentrations than those currently
recommended—might improve the durability and effectiveness
of anti-TNF treatment. Reassuringly, treatment failure, safety,
and immunogenicity of the infliximab biosimilar were no
different to the infliximab originator; use of the biosimilar might
therefore mitigate some of the cost constraints of dose
intensification. Thiopurines or methotrexate should be used in all
infliximab-treated patients but could be avoided in some
patients treated with adalimumab.

The main aim of the personalised anti-TNF therapy in
Crohn’s disease study (PANTS) was to build a bio-
repository to investigate the genetic and other factors
associated with anti-TNF treatment failure in patients
with active luminal Crohn’s disease. In this Article, we
report the clinical and pharmacokinetic factors associated
with and predictive of anti-TNF failure in the first year of
treatment.

Methods
Study design and participants
PANTS is a UK-wide, multicentre, prospective obser-
vational cohort reporting on treatment failure of the
anti-TNF drugs infliximab (originator, Remicade [Merck
Sharp and Dohme, Hertforshire, UK] and biosimilar,
CT-P13 [Celltrion, Incheon, South Korea]) and
adalimumab (Humira [AbbVie, Chicago, IL, USA]) in anti-
TNF-naive patients with active luminal Crohn’s disease.
Patients were recruited at the time of first anti-TNF
exposure from 120 National Health Service trusts across
the UK (appendix pp 3-10) between March 7, 2013, and
July 15, 2016. Patients were evaluated for 12 months or
until drug withdrawal.
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Patients were screened for inclusion in our cohort at
the time of decision to treat with an anti-TNF drug and
no more than 4 weeks before starting to receive the drug.
The eligibility criteria were as follows: age 6 years or
older; diagnosis of Crohn’s disease involving the colon,
the small intestine, or both; and active luminal disease
supported by a C-reactive protein (CRP) of more than
3 mg/L 90 days before the first dose, faecal calprotectin
of more than 50 png/g between 90 days before and 28 days
after first dose, or both. Exclusion criteria included
previous exposure to, or contraindications for the use of,
anti-TNF therapy (all criteria available in the protocol).

The South West Research Ethics committee approved
the study (REC reference: 12/SW/0323) in January, 2013.
Patients were included after providing informed, written
consent. The protocol is available online.

Procedures

The choice of anti-TNF was at the discretion of the treating
physician and prescribed according to the licensed dosing
schedule.

Study visits were scheduled at first dose (week 0), post-
induction (week 14), and at weeks 30 and 54 after
first dose. Additional visits were planned for infliximab-
treated patients at each infusion, and for both groups at
the time of treatment failure or treatment discontinuation.
In cases in which the visit did not occur on the exact
day delineated by the protocol, the following windows of
eligibility were specified: week 0 (week —4 to 0), week 14
(week 10-20), week 30 (week 22-38), and week 54
(week 42-66; appendix pp 12-13).

At baseline, sites recorded demographic data, smoking
status, age at diagnosis, disease duration, Montreal
classification of disease location and behaviour,®
previous medical and drug history, and previous Crohn’s
disease-related surgeries. At every visit, disease activity
score, weight, therapy, and adverse events were
recorded.

Blood and stool samples were processed through the
central laboratory at the Royal Devon and Exeter National
Health Service Foundation Trust. Drug and total anti-
drug antibody concentrations were measured with
IDKmonitor ELISA assays (Immundiagnostik AG,
Bensheim, Germany) done on the Dynex DS2 ELISA
robot (Dynex technologies, Worthing, UK; appendix p 11).
For all infliximab-treated patients, we used trough drug
concentrations, excluding concentrations measured at
other timepoints. For adalimumab-treated patients, we
asked research sites to take blood samples as near
as possible to trough while minimising inconvenience
to patients.

We chose a drug tolerant anti-drug antibody assay that
allowed us to identify all patients with immunogenicity
irrespective of circulating drug concentration. Based
upon manufacturer’s recommendation we defined
immunogenicity as an anti-drug antibody titre of
10 arbitrary units per mL or more, and stratified

1673 patients screened

63 excluded

2 withdrew consent

9 revised diagnosis UC/IBDU
1 primary indication perianal disease
4 previous anti-TNF exposure
16 never started anti-TNF treatment
31 CRP or faecal calprotectin not raised

v

| 1610 received first dose of anti-TNF treatment at week O |

|
v v

| 955 received infliximab |

| 655 received adalimumab |

57 not assessable for effectiveness
33 stomas

50 not assessable for effectiveness

22 stomas
1 perianal indication
27 baseline CRP or calprotectin
not raised

> 5 perianal indication >
19 baseline CRP or calprotectin
not raised
v v

898 assessed for effectiveness

605 assessed for effectiveness

28 exited study for reasons
other than treatment failure
14 lost to follow-up

41 exited study for reasons

other than treatment failure
30 lost to follow-up
11 patient withdrawal

g 13 patient withdrawal g
1 withdrawal of drug by
physician
v v
775 assessed at week 14 466 assessed at week 14

95 not assessable at this timepoint

98 not assessable at this timepoint

65 exited study for reasons
other than treatment failure
34 lost to follow-up

80 exited study for reasons

other than treatment failure
66 lost to follow-up
10 patient withdrawal

4 withdrawal of drug by

35 not assessable at this timepoint

> - . >
21 patient withdrawal
10 withdrawal of drug by
physician physician
v v
770 assessed at week 54 441 assessed at week 54

43 not assessable at this timepoint

Figure 1: Study profile

Patients were not assessable when one or more key data items were missing. CRP=

UC=ulcerative colitis. IBDU=inflammatory bowel disease unclassified.

immunogenicity by the presence or absence of detectable
drug (<0-8 mg/L). Investigators were masked to these
data until week 54.

Outcomes

Treatment failure endpoints were primary non-
response at week 14, non-remission at week 54, and
adverse events leading to drug withdrawal. We used
composite endpoints defined using symptom scores
(Harvey Bradshaw index [HBI] in adults” and the HBI
or Short Paediatric Crohn’s Disease Activity Index
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Infliximab Adalimumab p value
Sex 0-960
Male 465/955 (49%) 318/655 (49%)
Female 490/955 (51%) 337/655 (51%)
Age (years) 30 (20-45) 37 (28-50) <0-0001
Ethnicity 0-00081
White 862/955 (90%) 624/655 (95%)
South Asian 49/955 (5%) 17/655 (3%)
Other 44/955 (5%) 14/655 (2%)
Disease duration (years) 2:3(0-7-9:0) 3:3(0-8-11-2) 0-0036
Age at diagnosis (years) 237 (15:7-33-8) 28.9 (21-4-40-6) <0-0001
Montreal location classification* 0-022
L1 250/948 (26%) 214/644 (33%)
L2 239/948 (25%) 137/644 (21%)
L3 451/948 (48%) 287/644 (45%)
L4 8/948 (1%) 6/644 (1%)
Montreal L4 modifier 114/948 (12%) 32 (5%) <0-0001
Montreal behaviour classification* <0-0001
B1 591/948 (62%) 373/644 (58%)
B2 252/948 (27%) 229/644 (36%)
B3 105/948 (11%) 42/644 (7%)
Perianal disease 147/955 (15%) 52/655 (8%) <0-0001
Immunomodulator 0-0035
Azathioprine 450/955 (47%) 265/655 (40%)
Mercaptopurine 78/955 (8%) 49/655 (7%)
Methotrexate 59/955 (6%) 30/655 (5%)
Tacrolimus 2/955 (<1%) 0
None 366/955 (38%) 311/655 (47%)
Corticosteroids 274/955 (29%) 169/655 (26%) 0-21
Previous resectional surgery 207/955 (22%) 163/655 (25%) 0-15
HBI score 6 (3-9) 5(3-8) 0-079
sPCDAI score 30 (15-50)
Body-mass index (kg/m?) 227 (19-7-26-9) 24-4(21-5-28-2) <0-0001
Haemoglobin (g/L) 125 (114-135) 131 (120-142) <0-0001
White cell count (x 10° cells per L) 8.0 (6-1-10-3) 7-8 (6:1-9:9) 0-099
Platelet count (x10° cells per L) 343 (283-416) 311 (256-387) <0-0001
Albumin (g/L) 39 (34-42) 39 (35-43) 0-0015
C-reactive protein (mg/L) 9(3-24) 6 (2-14) <0-0001
Faecal calprotectin (ug/g) 415 (164-862) 303 (134-634) <0-0001
Data are number (%) or median (IQR). p values were calculated using Fisher’s exact or Mann Whitney U tests. *Data are
missing for seven patients treated with infliximab and 11 treated with adalimumab. HBI=Harvey-Bradshaw index.
sPCDAI=short paediatric Crohn’s disease index.
Table 1: Baseline demographic and clinical characteristics

[sPCDAI] in children),* corticosteroid use, and CRP
(appendix p 14).

Primary non-response was defined as exit before
week 14 because of treatment failure (including
resectional inflammatory bowel disease surgery) or
corticosteroid use at week 14 (new prescriptions or if
previous dose had not been stopped). Patients whose CRP
did not decrease to 3 mg/L or less or by 50% or more
from baseline (week 0), and whose HBI score did not
decrease to 4 points or less or by 3 points or more from
baseline, were also classified as having a primary

non-response. Children were defined as having a primary
non-response when their sSPCDAI score did not decrease
to 15 points or less or by more than 12-5 points from
baseline (besides same CRP criteria as adults). Grey zone
denoted an intermediate response between primary non-
response and response, defined as CRP decreasing to
3 mg/L or less or by 50% or more from baseline (week 0),
or HBI score decreasing to 4 points or less or by 3 points
or more from baseline, but not both. Treatment response
was defined as a decrease in CRP to 3 mg/L or less or by
50% or more from baseline (week 0) and a decrease in
HBI to 4 points or less or by 3 points or more from
baseline for adults, or a decrease in sSPCDAI to 15 points
or less or by 12-5 points from baseline (week 0) for
children. Remission was defined as CRP of 3 mg/L or less
and HBI score of 4 points or less (sPCDAI score
<15 points), no ongoing steroid therapy, and no exit due
to treatment failure. Loss of response in patients who did
not have primary non-response was defined as
symptomatic inflammatory bowel disease activity that
warranted an escalation of steroid, immunomodulatory
or anti-TNF therapy, resectional surgery, or exit from
study due to treatment failure.’ Timing of loss of response
was defined as the time of treatment escalation, drug
withdrawal, or surgery.

Non-remission was assessed at week 54 and defined as
CRP of more than 3 mg/L or an HBI score of more
4 points (sSPCDALI >15 points for children), ongoing steroid
therapy, or exit due to treatment failure. Patients exited the
study when they stopped anti-TNF therapy or had an
intestinal resection. We defined steroid therapy for the
purposes of non-remission and primary non-response as
any systemic therapy, either oral or intravenous (including
use of steroids for other conditions), but not including
single pre-infusion dosing with hydrocortisone.

Adverse events were coded centrally according to the
Medical Dictionary for Regulatory Activities (MedDRA)
version 20.1. Serious adverse events included those that
required hospitalisation, were life-threatening, or resulted
in persistent, permanent, or substantial disability or
incapacity. Causality was graded according to the Good
Clinical Practice framework guidelines as not related,
unlikely, possibly, probably, or definitely related to
treatment by the local research sites.”

Statistical analysis

At cohort inception, sample size was based on the design
of a genetic study aimed at identifying a genetic predictor
of primary non-response, the results of which will be
reported elsewhere. Assuming that 20% of patients
would have a primary non-response, and assuming
a perfectly tagged risk allele frequency of 25%,
we calculated, using Purcell's genetic power calcul-
ator, that we needed to recruit 240 non-responders to
yield 99% power to detect a genome-wide significant
association (p<5x108) for a relative risk of 2, and 30%
power for a relative risk of 1-5. We anticipated that the
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Infliximab Adalimumab Both drugs
n/N % (95% Cl) n/N % (95% Cl) n/N % (95% Cl)
Week 14
Primary non-response 170/775 21-9% (19-1-25-0) 125/466 26-8% (22:9-31-1) 295/1241 23-8% (21-4-26-2)
Grey zone 154/775 19-9% (17-1-22:9) 83/466 17-8% (14-4-21-6) 237/1241 19-1% (16-:9-21-4)
Response 122/775 15:7% (13-2-18'5) 61/466 131% (10-2-16:5)  183/1241 14-7% (12-8-16-8)
Remission 329/775 42:5% (38-9-46-0) 197/466 42:3% (37.7-46:9)  526/1241 42-4% (39-6-45-2)
Week 54
Non-remission 469/770 60:9% (57-4-64-0) 295/441 66-9% (62:3-71-3)  764/1211 63-1% (60-3-65-8)
Remission 301/770 39-1% (35-6-42-6) 146/441 33-1% (287-377) 447/1211 36:9% (34-2-39-7)
Adverse event curtailing 84/995 8-8% (7-1-10-8) 42/655 6-4% (4-7-8-6) 126/1610 7-8% (6:6-9-2)
treatment (not including
exacerbation of Crohn’s disease)
Table 2: Key outcomes at weeks 14 and week 54

proportion of patients lost due to attrition would be 20%,
so our recruitment target was 1600 patients.

In February, 2015, the infliximab biosimilar CT-P13
became available in the UK. We calculated that a sample
size of 180 biosimilar-treated patients would permit a
comparison of non-inferiority of biosimilar and originator
infliximab based on a power of 80%, our observation that
25% of patients had a primary non-response, a non-
inferiority margin of 10%, attrition rate of 20%, and a
ratio of biosimilar-treated to originator infliximab-treated
patients of 1:4.

Following central monitoring, we identified three groups
of patients who we subsequently excluded from the
effectiveness analyses: patients with stomas because the
HBI and sPCDALI are not validated for this patient group;
patients that were recruited into the study with normal
calprotectin and CRP concentrations at prescreening and
during the first visit; and patients for whom the only
indication for anti-TNF treatment was perianal disease.
However, we included these patients in our immuno-
genicity and safety analyses, because they had received
one of the drugs.

Because of differences in drug formulation, route of
delivery, dosing interval, and potential for inducing
immune response, infliximab and adalimumab treatment
outcomes were analysed separately. Outcomes were
assigned using an algorithm written in R version 3.5.1. All
analyses were two-tailed, and p values of less than 0-05
were considered significant.

Patients who exited the study because of treatment
failure were deemed to be in non-remission for every
subsequent timepoint. Patients who exited the study
because of loss to follow-up, patient withdrawal of
consent, or elective withdrawal of drug by their physician,
including for pregnancy, were censored at the time of
study exit and were excluded from the denominator for
subsequent analyses.

We did univariable analyses using Fisher’s exact
and Mann-Whitney U tests to identify differences in
baseline characteristics between infliximab-treated and

adalimumab-treated patients, and to determine
categorical and continuous factors associated with
predefined outcomes. We used multivariable logistic
regression analyses to identify which factors were
independently associated with treatment failure. We
included variables with a univariable p value of less
than 0-05 in the model and used the Akaike
information criterion (AIC) and backward stepwise
variable selection. We also built predictive models,
using forwards and backwards stepwise model
selection starting from the null model (ie, with no
covariates, just an intercept term), with AIC. We used
leave-one-out cross-validation to test the model, firstly
to ensure the model was not overfitted, and secondly to
estimate the diagnostic accuracy of the model. For
prediction testing, a probability threshold was deter-
mined by maximising the sum of sensitivity and
specificity.

We explored associations with trough drug con-
centration using linear regression, using the same
variable selection methods as those detailed for the
logistic regression analyses. Proportions of patients
with immunogenicity and loss or response were
estimated using the Kaplan-Meier method, and com-
parative analyses were done by the use of univariable
and multivariable Cox proportional hazards regression.
For immunogenicity, patients were censored after their
last drug and antibody measurement or at week 54. For
loss of response, patients were censored if they exited
for reasons other than treatment failure or at week 54.

Optimal thresholds for drug concentrations were
determined graphically by plotting outcome against
intervals of drug concentration and looking for the
threshold beyond which further increases were not
associated with improvement in outcome.

Non-inferiority for biosimilar infliximab was assessed
by determining whether the one-sided 95% CI of the
absolute difference in proportions was 10% or more. The
confidence interval was calculated using the prop.test
function in R software.
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Infliximab Adalimumab
PNR Not PNR p value PNR Not PNR p value
Age at first dose (years) 337 (22:5-49-1) 290 (18-4-42-5) 0-0048 38-6 (26-6-55-0) 36-3 (28:6-49-2) 030
Baseline immunomodulator 85/170 (50%) 392/605 (65%) 0-00067 58/125 (46%) 193/341(57%) 0-059
Baseline BMI category 0-29 0-0027
Normal 73/170 (43%) 291/605 (48%) 62/125 (50%) 164/341 (48%)
Underweight 31/170 (18%) 105/605 (17%) 5/125 (4%) 25/341 (7%)
Overweight 35/170 (21%) 132/605 (22%) 25/125 (20%) 106/341 (31%)
Obese 31/170 (18%) 77/605 (13%) 33/125 (26%) 46/341 (13%)
Baseline smoker 41/168 (24%) 84/598 (14%) 0-0020 25/124 (20%) 62/337 (18%) 0-69
Baseline white cell count 8.9 (7-0-10-9) 7-9 (6-1-10-0) 0-0011 8.2 (6:5-10-4) 7:7 (6:1-9-6) 0-052
(x10° cells per L)
Baseline albumin (g/L) 37(32-41) 39 (34-42) 0-0092 39 (34-43) 39 (36-43) 0-48
Week 14 drug concentration 2:3(0-9-5-0) 4-0(1.9-7-2) 0-00013 8-4 (4-4-11-3) 11-6 (8-4-15-3) <0-0001
(mg/L)
Week 14 anti-drug antibody 5.0 (3-0-9-0) 4.0 (2:0-6:0) 0-00039 3.0 (2:0-6.0) 2:0(2:0-3-1) 0-0010
concentration (AU/mL)
Data are median (IQR) or n (%). The significance of differences between continuous variables was calculated using the Mann-Whitney U test. Differences between categorical
variables were sought using Fisher’s exact test. Variables are only shown when the p value was less than 0-05 for either or both drugs. The full tables of variables tested are
shown in the appendix. AU=arbitrary units. BMI=body-mass index. PNR=primary non-response.
Table 3: Significant univariable associations with primary non-response at week 14 in all participants

This study was registered with ClinicalTrials.gov,
number NCT03088449.

Role of the funding source

The funders of this study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all the data in the study and had final res-
ponsibility for the decision to submit for publication.

Results

Between March 7, 2013, and July 15, 2016, 1610 patients
were included in this prospective study; 955 (59%) patients
were treated with infliximab (753 [47%] with originator
infliximab, and 202 [13%] with biosimilar) and 655 (41%)
were treated with adalimumab (figure 1). Differences
between demographic and clinical characteristics of
infliximab-treated and adalimumab-treated patients are
shown in table 1 and the appendix (pp 34-35).

Several Dbaseline characteristics were significantly
different between the infliximab-treated and adalimumab-
treated patients, including age, smoking, body-mass
index, disease duration, disease location, and disease
behaviour. Patients treated with infliximab had more
active disease at baseline than did patients treated with
adalimumab, as evidenced by higher serum CRP and
faecal calprotectin concentrations (table 1). Most
differences persisted when the 219 paediatric patients
(aged <18 years at time of first dose) were excluded,
almost all of whom were treated with infliximab
(appendix p 34). At initiation of anti-TNF treatment,
immunomodulator use was higher in patients treated
with infliximab than those treated with adalimumab
(589 [62%] of 955 vs 344 [53%)] of 655; p<0-0001), but no

differences were seen in the proportions of patients
treated with corticosteroids (table 1).

1241 patients were assessable at week 14. Primary non-
response occurred in 170 (21-9%, 95% CI 19-1-25-0) of
775 patients treated with infliximab and 125 (26-8%,
22-9-31-1) of 466 patients treated with adalimumab
(table 2). After excluding primary non-responders,
the estimated proportion of infliximab-treated patients
who had loss of response by week 54 was 36-9%
(32-7-40-9), and for adalimumab was 34-1% (28-4-39-4;
appendix pp 15-16). At week 54, 469 (60-9%; 57-4-64-0)
of 770 infliximab-treated patients were classified as
being in non-remission, compared with 295 (66-9%;
62-3-71-3) of 441 adalimumab-treated patients (table 2).

Univariable analyses showed the strongest associ-
ations with primary non-response to infliximab and
adalimumab were with week 14 drug and anti-drug
antibody concentrations (table 3; appendix p 17). Primary
non-response to infliximab was also associated with
older age at first dose, smoking at baseline, non-use of an
immunomodulator at baseline, lower baseline albumin
concentrations, and higher baseline white cell count.
Primary non-response to adalimumab was associated
with a higher body-mass index at baseline.

Univariable analysis showed, for both drugs, that the
most significant determinant of non-remission at week 54
was clinical status at week 14 (table 4; appendix pp 21-22).
Despite meeting primary non-response criteria, 76 (44-7%,
95% CI 37-1-52-5) of 170 infliximab-treated patients and
61 (48-8%, 39-8-57-9) of 125 adalimumab-treated patients
continued drug beyond week 20. Of these, only ten
(14-9%, 7-4-25-7) of 67 patients treated with infliximab
(data for nine patients continuing infliximab after primary
non-response not available) and four (8-7%, 2-4-20-8) of
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Infliximab Adalimumab
Non-remission Remission p value Non-remission Remission p value
Sex 0-0025 0-32
Female 198/364 (54%) 118/279 (42%) 99/214 (46%) 68/130 (52%)
Male 166/364 (46%) 161/279 (58%) 115/214 (54%) 62/130 (48%)
Age at first dose (years) 32:0(211-462)  27-0(17-6-38:9)  0-00043 38.9(29-2-51.5) 36-1(27-6-51.0) 032
Baseline immunomodulator 196/364 (54%) 209/279 (75%) <0-0001 112/214 (52%) 75/130 (58%) 0-37
History of perianal disease 50/364 (14%) 56/279 (20%) 0-041 9/214 (4%) 14/130 (11%) 0-025
Baseline BMI category 0:00022 - - <0:0001
Normal 153/364 (42%) 144/279 (52%) 89/214 (42%) 81/130 (62%)
Underweight 58/364 (16%) 60/279 (22%) 10/214 (5%) 10/130 (8%)
Overweight 89/364 (24%) 53/279 (19%) 67/214 (31%) 29/130 (22%)
Obese 64/364 (18%) 22/279 (8%) 48/214 (22%) 10/130 (8%)
Baseline current smoker 64/359 (18%) 30/278 (11%) 0-013 47/212 (22%) 15/129 (12%) 0-014
Baseline white cell count (x10°cells ~ 8-6 (6-6-10-8) 7-4(57-9-5) <0-0001 83(6-3-9-8) 75 (57-10-2) 0-15
perlL)
Week 14 drug concentration (mg/L) 2.9 (1-2-57) 5-3(2:8-8-8) <0-0001 9-2 (7-0-12.5) 133(10-7-17-8) <0-0001
Week 14 anti-drug antibody 4.0 (3:0-9-0) 3.0 (2:0-5-0) <0-0001 3:0 (2:0-4-0) 2.0 (2:0-3:0) 0-011
concentration (AU/mL)
Week 14 status - <0-0001 - - <0-0001
Remission 104/353 (29%) 188/266 (71%) 63/202 (31%) 94/127 (74%)
Response 78/353 (22%) 28/266 (11%) 37/202 (18%) 12/127 (9%)
Grey zone 100/353 (28%) 40/266 (15%) 50/202 (25%) 17/127 (13%)
PNR 71/353 (20%) 10/266 (4%) 52/202 (26%) 4/127 (3%)
Immunogenicity in first year w© <0-0001 = = 0-012
Antibody negative 137/364 (38%) 142/279 (51%) 155/210 (74%) 112/130 (86%)
Antibody positive, drug positive 94/364 (26%) 97/279 (35%) 37/210 (18%) 15/130 (12%)
Antibody positive, drug negative ~ 133/364 (37%) 40/279 (14%) 18/210 (9%) 3/130 (2%)
Data are median (IQR) or n (%). The significance of differences between continuous variables was calculated using the Mann-Whitney U test. Differences between categorical
variables were sought using Fisher’s exact test. Variables are only shown when the p value was less than 0-05 for either or both drugs. The full tables of variables tested are
shown in the appendix. AU=arbitrary units. BMI=body-mass index. PNR=primary non-response.
Table 4: Significant univariable associations with non-remission at week 54, excluding participants who exited due to primary non-response

46 patients treated with adalimumab (data for 15 patients
continuing adalimumab after primary non-response not
available) were in remission at week 54 (14 [12- 4%, 95% CI
6-9-19-9] of 113 patients overall). Body-mass index,
baseline smoking status, week 14 drug concentration,
week 14 antibody concentration, and immunogenicity in
first year were also associated with non-remission at week
54 for both drugs. In addition, among patients treated
with infliximab, but not those treated with adalimumab,
non-remission at week 54 was associated with older age,
female sex, non-use of an immunomodulator at baseline,
and higher baseline white cell count.

Multivariable analyses showed that, for both drugs,
only week 14 drug concentration was independently
associated with primary non-response (table 5). A dose—
response association was seen for week 14 drug
concentration and remission up to 7 mg/L for infliximab
and 12 mg/L for adalimumab (appendix p 18). In
infliximab-treated patients for whom we measured drug
concentrations at week 6, a dose-response association
was seen between week 6 drug concentrations up to

30-35 mg/L and increasing week 14 remission
(appendix p 19). Our predictive models of primary non-
response to infliximab and adalimumab, however, were
not clinically useful (appendix pp 20, 37). For infliximab,
the area under the curve (AUC) was 0-53 (95% CI
0-46-0-59) with a sensitivity of 0-35, specificity of 0-75,
positive predictive value of 0-27, and negative predictive
value of 0-81, whereas for adalimumab the AUC was
0-54 (0-46-0-62) with a sensitivity of 0-35, specificity of
0-95, positive predictive value of 0-56, and negative
predictive value of 0-78.

Among patients who continued treatment beyond
week 14, multivariable analyses (table 5) showed, indep-
endent associations between drug concentrations at
week 14 and non-remission at week 54 for both drugs.
The optimal drug concentration at week 14 that was
associated with remission at week 54 was 7 mg/L for
infliximab and 12 mg/L for adalimumab (appendix p 18).
Obesity at baseline was associated with non-remission at
week 54 only in patients treated with adalimumab.
Smoking at baseline and no previous history of perianal
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Infliximab Adalimumab
OR*, fold-changet,  pvalue OR*, fold-changet, pvalue
or HR$ (95% Cl) or HR¥ (95% Cl)
Primary non-response at week 14*
Baseline immunomodulator 0-71(0-44-1-13) 014
Log,, (week 14 drug 035 (0-20-0-62) 0-00038 0-13(0-06-028)  <0-0001
concentration [mg/L])
Baseline BMI category
Normal 1 (ref)
Underweight 0-36 (0-07-1-20) 013
Overweight 0-63 (0-34-1-15) 014
Obese 1.57(0-82-2.99) 017
Week 54 non-remission*
Sex
Male 0-68 (0-45-1-02) 0-063
Female 1 (ref) 1 (ref)
Age at first dose (years) 1.01(1-00-1-03) 0-11
History of perianal disease 0-60 (0-35-1-04) 0-070 0-29 (0-09-0-85) 0-029
Baseline BMI category
Normal 1 (ref) 1 (ref)
Underweight 0-92 (0-51-1-65) 0-79 120 (0-40-3-57) 0-74
Overweight 173 (1-02-2-99) 0-045 2:31(1-28-4-25) 0-0059
Obese 1:99 (0-98-4-17) 0-062 342(151-843) 00046
Baseline white cell count 1.05(0-99-1-12) 0-12
(x10° cells per L)
Log,, (week 14 drug 029 (016-052)  <0-0001 0-03(0:01-0-12)  <0-0001
concentration [mg/L])
Immunogenicity in first year
Antibody negative 1 (ref)
Antibody negative, 0-77 (0-48-1-22) 0-27
detectable drug
concentration
Antibody positive, 1-64 (0-95-2-85) 0-079
undetectable drug
concentration
Smoker at baseline 227 (1-13-4-81) 0-025
Week 14 drug concentrationt
Log,, (baseline faecal 0-81(0-68-0-98) 0-028
calprotectin [pg/g])
Smoker at baseline 0-78 (0-61-0-99) 0-045 0-89 (0-77-1-03) 0-12
Log,, (week 14 anti-drug 0-50 (0-42-0-60)  <0-0001 0-40 (0-35-0-45)  <0-0001
antibody concentration [mg/L])
Log,, (week 14 CRP [mg/L]) 0-74 (0-62-0-88) 0-00075
Week 14 albumin (g/L) 1.03 (1-01-1-05) 0-00018
Log,, (week 14 faecal 0-74 (0-63-0-88) 0-00057 072 (0-66-0-79)  <0-0001
calprotectin [pg/g])
Baseline BMI category
Normal 1 (ref)
Underweight 1-07 (0-84-1-36) 0-57
Overweight 0-88 (0:78-1-00) 0-056
Obese 0-71(0-60-0-83)  <0-0001
Baseline HBI or sPCDAI 1-14 (1.02-1-28) 0-021
remission

Log,, (baseline CRP [mg/L])

0-91(0-82-1-00) 0-056

(Table 5 continues on next page)

disease were associated with poorer outcomes at week 54
for both drugs on univariable analyses, but only for
adalimumab on multivariable analyses (data not shown
for infliximab because smoking at baseline dropped out
of the model during backwards stepwise regression).

We devised two diagnostic models informed by
significant univariable factors to predict non-remission
to infliximab and adalimumab at week 54. Our first
model attempted to predict non-remission using
baseline variables only and had low diagnostic value.
Our second model using baseline variables and week 14
pharmacokinetic data had greater predictive power: for
infliximab, the AUC was 0-814 (95% CI 0-76-0-87) and
for adalimumab 0-75 (0-68-0-83; appendix pp 20,
39-41).

Serious adverse events, excluding worsening of Crohn’s
disease activity, were observed in 171 (17-9%, 95% CI
15-5-20-5) of 955 infliximab-treated patients and
96 (14-7%, 12-0-17- 6) of 655 adalimumab-treated patients.
Adverse events leading to treatment withdrawal occurred
in 84 (8-8%, 7-1-10-8) of 955 patients treated with
infliximab and 42 (6-4%, 4-7-8-6) of 655 patients treated
with adalimumab (appendix p 42).

Five patients died (three treated with infliximab and
two with adalimumab), all of whom were in the upper
quartile for age. None of those who died had responded
to treatment by the time of death: four died from sepsis
(two from pneumonia, two from intra-abdominal sepsis),
and one of Crohn’s disease-related malnutrition. Four of
the five patients were taking concomitant corticosteroids
at the time of death and one was taking azathioprine.

Serious infections were reported in 38 (4-0%, 95% CI
2-8-5-4) of 955 infliximab-treated patients, including
active tuberculosis in three patients, and 21 (3-2%,
2-0-4-9) of 655 adalimumab-treated patients, none of
whom had tuberculosis (appendix p 42). Concomitant
immunomodulatory therapy was not associated with an
increased risk of infections, even when stratified by age
(appendix p 43).

Infusion reactions within 24 h of infliximab, which
occurred after a median of 5 weeks (IQR 1-14) of starting
treatment, were observed in 31 (3-2%, 95% CI 2-3—4-6)
of 955 patients (appendix p 42) and were associated
with anti-drug antibody titre (median peak antibody
96 arbitrary units per mL [IQR 5-313] in patients with an
infusion reaction vs 8 arbitrary units per mL [5-45] in
patients without an infusion reaction; p=0-0037).
Injection site reactions to adalimumab, which occurred
after a median of 14 weeks (IQR 3-5-27.2), were
observed in 28 (4-3% [95% CI 2-9-6-2]) of 655 patients
(appendix p 42) but were not associated with immuno-
genicity (p=0-58).

Univariable factors associated with low drug con-
centrations at weeks 14 and 54 are shown in the
appendix (pp 23, 24, 44, 45). In multivariable analyses, for
both drugs, low drug concentrations at both week 14 and
week 54 were significantly associated with week 14
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anti-drug antibody formation and markers of active
disease (table 5). Lower albumin concentrations at week
14 were independently associated with week 14 drug
concentration for infliximab, whereas obesity at baseline
was independently associated with week 14 and week 54
drug concentrations for adalimumab. In patients treated
with infliximab but not those treated with adalimumab,
use of an immunomodulator at baseline was associated
with higher week 54 drug concentrations (table 5).

The estimated proportion of patients with immuno-
genicity by week 54 was 62-8% (95% CI 59-0-66-3) for
infliximab-treated patients and 28-5% (24-0-32-7) for
adalimumab-treated patients (appendix p 25). 31-2%
(95% CI 27-6-34-6) of patients treated with infliximab,
and 12-3% (8-9-15-6) of those treated with adalim-
umab had anti-drug antibody concentrations of
10 arbitrary units per mL or more and undetectable drug
concentrations at week 54 (appendix p 27).

Among infliximab-treated patients for whom early anti-
drug antibody concentrations were available, the Kaplan-
Meier estimate of anti-drug antibody positivity was 1-6%
(95% CI 0-8-2-4) at 2 weeks, 3-3% (2-2—4-5) at 6 weeks,
and 17-2% (14-6-19-7) at 14 weeks.

The wunivariable factors associated with time to
immunogenicity are shown in figure 2 and the appendix
(p 46), respectively. Multivariable analyses showed that
drug concentration at week 14 was the major independent
risk factor associated with time to immunogenicity for
both drugs after that timepoint. In addition, time to
immunogenicity was associated with obesity for
adalimumab-treated patients and smoking for infliximab-
treated patients (figure 2, table 5).

Immunomodulator use was the main protective factor
against immunogenicity, with similar effect sizes for
infliximab (hazard ratio [HR] 0-39 [95% CI 0-32-0-46],
p<0.0001) and adalimumab (HR 0-44 [0-31-0-64],
p<0.0001) (appendix p 46). No difference was measured in
time to immunogenicity between thiopurine medications
or methotrexate (appendix pp 29-30). Thiopurines reduced
immunogenicity to infliximab in a dose-dependent
manner with the lowest immunogenicity observed in
patients treated with the highest thiopurine doses
(appendix p 31).

Sensitivity analyses exploring the effect of combination
immunomodulator use on clinical outcomes showed
that immunomodulator use was associated with a
lower proportion of infliximab-treated patients in non-
remission at week 54 than was monotherapy (combin-
ation 52-6% [95% CI 47-9-57-1] vs monotherapy 74-0%
[68-6-78-9]), but this association was not seen in
adalimumab-treated patients (64-2% [57-6-70-4] vs 69-8%
[63-1-75-9]). Further sensitivity analyses of infliximab-
treated patients, limited to the modifiable factors of
immunomodulator use and drug and anti-drug antibody
concentrations, showed that the benefit of immuno-
modulators (odds ratio [OR] 0-56 [95% CI 0-38-0-83])
was independent of log, drug concentration (0-30

Infliximab

Adalimumab

OR*, fold-changet,  pvalue

OR*, fold-changet, pvalue

remission
Smoker at baseline
Immunogenicity#

Disease duration 0-99 (0-98-1-01) 032

Obese 127 (0-96-1-67) 0-090

Current smoker 142 (112-1.81) 0-0045

Baseline immunomodulator 0-57 (0-43-0-75) <0-0001
Smoker at baseline 1-88 (1-35-2:62) 0-00021
Log,, (week 14 drug 0-43(0:30-061)  <0-0001

concentration [mg/L])

047 (0:32-0-67)

Baseline immunomodulator 0-39 (0-32-0-48) <0-0001

Baseline BMI category
Normal 1 (ref) - 1 (ref)
Underweight 129 (0-99-1-69) 0-060
Overweight 0-94 (0-74-1-20) 061

0-05 (0-02-0-14)

or HR¥ (95% Cl) or HR¥ (95% Cl)
(Continued from previous page)
Week 54 drug concentrationt
Baseline immunomodulator 127 (1-:02-1-59) 0-034
Baseline BMI category
Normal 1 (ref) - 1 (ref)
Underweight 0-80 (0-62-1:04) 0-092 1.02(0-80-130)  0-85
Overweight 0-79 (0-62-1-00) 0-048 0-88 (0-77-0-99) 0-041
Obese 0-95 (0-67-1-35) 0-77 073 (0-63-0-85)  <0-0001
Log,, (week 14 anti-drug 0-73 (0-58-0-92) 0-0087 0-40 (0-35-0-44)  <0-0001
antibody concentration [mg/L])
Log,, (week 14 CRP [mg/L]) 0-88 (0-72-1-07) 019
Log,, (week 14 faecal 074 (0-62-0-89) 0-00099 072 (0-66-079)  <0-0001
calprotectin [pg/g])
Week 14 HBI or sPCDAI 1-25(1-10-1-41) 0-00066

0-90(0-79-1-04) 016

<0-0001

1-26 (0-60-2-67) 054
1.08 (0-70-1-67) 073
2:23(1-44-346)

<0-0001

Immunogenicity (excluding patients with immunogenicity or censored before week 14)
0-39(0-22-0-69)  0-0011

<0-0001

BMI=body-mass index. CRP=C-reactive protein. HBI=Harvey-Bradshaw index. sPCDAI=Short Paediatric Crohn’s Disease
Activity Index. *ORs (95% ClI) and p values were calculated using logistic regression for week 14 primary non-response and
week 54 non-remission. tFor drug concentration, models were calculated using linear regression of the log-transformed
drug concentration, with exponentiated {3 values expressed here as fold changes (95% Cl). £For immunogenicity, models
were generated using Cox proportional hazards and coefficients expressed as hazard ratios (HRs [95% Cl]).

Table 5: Multivariable analyses of treatment failure outcomes

[0-18-0-49]) or log, anti-drug antibody concentration
(1-61[1-02-2-63)) status at week 14 (appendix p 47).

No differences were measured in baseline demographic
or clinical characteristics between patients treated with
biosimilar and originator infliximab (appendix p 48). Of
955 patients treated with originator infliximab, 79 (8%)
changed to biosimilar during the first year of treatment
and were excluded from analyses comparing originator
and biosimilar infliximab after the switch date. At week 14,
biosimilar was non-inferior to originator infliximab for
primary non-response (difference in proportions —3-9%
[one-sided 95% CI upper bound 2-4]). At week 54,
biosimilar was non-inferior to originator infliximab for
non-remission (—2-2% [one-sided 95% CI upper bound
5-6]; appendix p 32). Among patients who started on
originator infliximab and did not switch during the first
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year, 64 (9%) of 674 exited the study because of adverse
events; among patients treated with biosimilar infliximab,
16 (8%) of 202 exited for adverse events (one-sided 95%
CI upper bound of difference 5-5%). The estimated
proportion of patients with immunogenicity by week 54
was 62-1% (95% CI 57-4-66-2) for patients treated with
originator infliximab and 64-5% (55-4-71-7) for patients
treated with biosimilar infliximab (appendix p 25). 31-3%
(27-0-35-4) of patients treated with originator infliximab
and 33-5% (25-0—41-0) of those treated with biosimilar
had anti-drug antibody concentrations of 10 arbitrary
units per mL or more and undetectable drug con-
centrations at week 54 (appendix p 27).

Discussion
Our cohort study of 1610 anti-TNF-naive patients with
active luminal Crohn’s disease showed that primary non-
response occurred in 24% and non-remission in 63% of
patients, and that adverse events curtailed treatment in
8% of patients. Obesity, smoking, low albumin concentra-
tions, higher baseline markers of disease activity, and
development of immunogenicity were all associated with
low drug concentrations, which mediated non-remission.
Numerous studies have reported an association
between drug concentration and clinical outcome,
although the therapeutic thresholds, particularly for
adalimumab, are poorly defined.” In our study, low drug
concentrations during induction were associated with
primary non-response at week 14 and non-remission at
week 54. Patients with primary non-response who
continued standard dosing regimens rarely entered
remission. Dose intensification might improve
outcomes for patients with suboptimal drug
concentrations at week 14, whereas an early switch out-
of-class might be more appropriate for patients with
optimal drug concentrations. Despite variation in drug
concentration among patients in remission, our data
suggest that a higher target drug concentration might
be required during induction than those reported in
previous studies,® probably reflecting our more
stringent definition of remission. The optimal week 14
drug concentrations associated with remission at both
week 14 and 54 were 7 mg/L for infliximab and 12 mg/L
for adalimumab. The importance of drug concentration
is further shown by our predictive models, which were

Figure 2: Univariable associations of time to immunogenicity using
Kaplan-Meier and Cox proportional hazards methods

Kaplan-Meier graphs for survival without development of any antibody (defined
as 10 arbitrary units per mL or more) according to baseline immunomodulator
use (A), smoking status (B), body-mass index category (C), and week 14 drug
concentration quartile (with 1 being the lowest and 4 being the highest)

(D). p values and HRs are derived from Cox proportional hazards models for each
individual variable. The data for week 14 drug quartile excludes anyone who
developed immunogenicity or exited the study before week 14, and is based on
the log,, of the drug concentration. Therefore, the data show the HR for each
ten-fold increase. HR=hazard ratio.
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only clinically useful when week 14 pharmacokinetic
data were included.

Previous prospective randomised studies of proactive
dose increases based on drug concentrations did not
show improved clinical outcomes. For both the TAXIT®
and TAILORIX® studies, this absence of improvement
might in part be explained by inclusion of patients after
the crucial induction period and use of infliximab
thresholds of 3 mg/L. Further adequately powered clinical
trials are required to investigate whether optimising
drug concentration on a treat-to-target basis during the
induction period improves outcomes.”

Using analytical platforms that differed only by target
antibody, we have shown that immunogenicity is more
common in patients treated with infliximab than
adalimumab: an observation frequently attributed to
the chimeric formulation of infliximab. For both drugs,
however, we observed a bidirectional negative relation-
ship between drug concentration and immunogenicity.
The lowest drug concentrations were measured in
patients with high titre anti-drug antibody concentrations,
in keeping with the known effect of the antibodies on
drug clearance. Conversely, low drug concentrations
at week 14 were associated with an increased risk of
immunogenicity by week 54. This association is con-
sistent with the discontinuity theory of the immune
response, which proposes that intermittent exposure to
antigen promotes a persistent immune reaction, whereas
exposure at constant concentrations, observed with
adalimumab delivered subcutaneously every 2 weeks,
induces an immune tolerance.” Immunogenicity, which
we have shown might occur earlier than previously
suggested by other studies, might be mitigated by early
dose optimisation, minimising loss of response.” We
accept, however, that this observation might be explained
by the formation of anti-drug antibodies at concentra-
tions sufficient to lower the drug concentration but not
detectable by our assay.

Immunomodulator use was associated with lower
immunogenicity to both drugs and higher drug con-
centrations for infliximab-treated patients compared with
no immunomodulator use. Methotrexate exerted a similar
effect to thiopurine drugs on immunogenicity. In contrast
to previous reports,*” we showed that thiopurines
reduced immunogenicity in infliximab-treated patients in
a dose-dependent manner without an obvious threshold
effect. Post-hoc analyses of the SONIC study suggested
that the primary benefit of azathioprine was on
pharmacokinetics of infliximab.* Conversely, in our study,
we showed that concomitant immunomodulator use in
infliximab-treated patients was associated with higher
week 54 remission compared with no immunomodulator
use, independently of week 54 drug concentration or
immunogenicity status, suggesting that the addition of
immunosuppression to anti-TNF therapy might have
additional benefits. Consistent with previous studies,”
immunomodulator use was not associated with increased

remission for adalimumab treatment; however, this
finding might have been influenced by low rates of
immunogenicity, short duration of follow-up, or both.

We have shown that obesity is independently associated
with low drug concentrations and non-remission at week
54 for adalimumab. Our data suggest that the previously
reported associations of obesity and primary non-response
are likely to be mediated by low drug concentrations.” For
adalimumab-treated patients, fixed dosing was probably
a major contributing factor. Obesity was also associated
with immunogenicity to adalimumab; further clinical
trials of dose optimisation are needed to clarify if this
finding was because of suboptimal dosing during in-
duction or whether obesity contributes to immunogenicity
directly.

Our observation that cigarette smoking was inde-
pendently associated with an increased risk of immuno-
genicity to infliximab might explain the poorer, less
durable anti-TNF response reported in patients with
Crohn’s disease who smoke than in non-smokers.”

Previous studies investigating the association between
baseline markers of inflammation and anti-TNF response
are conflicting.>* In our study, higher baseline markers of
inflammation predicted lower drug concentrations at
week 14, suggesting that higher inflammatory load might
contribute to faster drug elimination. We have shown that
lower baseline albumin concentrations predict sub-
optimal week 14 infliximab concentrations, similarly to
other studies.” This association might reflect increased
drug clearance as well as higher faecal protein losses.

Data from a nationwide population-based study suggest
that benefits of anti-TNF and immunomodulatory com-
bination treatment need to be considered against the
additional risks of serious and opportunistic infection.” In
this study, while acknowledging our smaller sample size
and shorter duration of follow-up, combination therapy
was not associated with an increased risk of infection in
the first year of treatment, even among older patients
(>50 years). However, sepsis was the cause of death in four
of the five patients who died in the first year: all were older
than 50 years, all but one was prescribed concomitant
corticosteroids, and none had responded to anti-TNF.

Our study had some limitations. We used pragmatic
definitions of treatment ineffectiveness combining
corticosteroid use with clinical and biochemical markers
of disease activity that are closely aligned with routine
treatment targets. Although we accept that our data
would have been strengthened by endoscopic outcomes,
we observed a significant association between clinical
outcomes at weeks 14 and week 54 and faecal calprotectin
(appendix p 33). We are likely to have underestimated the
rate of loss of response because our definition required
an increase in therapy that was not always initiated. In
addition, we used a pragmatic schedule of visits to mini-
mise inconvenience to patients, and fewer assessments
were undertaken for adalimumab-treated than infliximab-
treated patients. We acknowledge that because CRP is
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elevated in obesity we might have overestimated the effect
of body-mass index on treatment ineffectiveness. Finally,
we did not do realtime monitoring; therefore, the
proportion of missing data is higher in this study than in
registration trials.*®

To our knowledge, this study is the largest prospective
study of anti-TNF therapy in inflammatory bowel disease.
We have shown that the major modifiable factors
associated with treatment ineffectiveness were low drug
concentrations and immunogenicity. Concomitant im-
munomodulator use and dose intensification in at-risk
individuals during induction might improve the effective-
ness and durability of treatment. Reassuringly, treatment
ineffectiveness, safety, and immunogenicity of origina-
tor infliximab are no different to the biosimilar, which
removes some of the cost constraints of dose intensi-
fication. Further clinical trials are required to better
understand whether these strategies can allow us to
improve the effectiveness and durability of anti-TNF
therapy.
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