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Abstract

AIM: To compare the need for infliximab dose intensi-
fication in two cohorts of patients with Crohn’s disease
(CD) or ulcerative colitis (UC).

METHODS: Single centre, uncontrolled, observational
study. Consecutive patients with CD and UC who re-
sponded to infliximab induction doses were included.
Data collected in a prospectively maintained database
were retrospectively analysed. Differences in the rates
of dose intensification per patient-month and the
intensification-free survival time were compared. We
also evaluated the interval between the first infliximab
induction dose and the first infliximab escalated dose.
The weight-adjusted infliximab administration costs
were also calculated.
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RESULTS: Fifty nine patients with CD and 38 patients
with UC were enrolled. The rate of intensification per
patient-month was 3.9% for UC and 1.4% for CD (P =
0.005). The median time from baseline to intensifica-
tion was significantly shorter in UC compared to CD
[6.6 mo (IQR: 4.2-9.5 mo) vs 10.7 mo (IQR: 8.9-11.7
mo), £ = 0.005]. In the survival analysis, the cumula-
tive probability of avoiding infliximab dose intensifica-
tion was significantly higher in CD (P = 0.002). In the
multivariate analysis, disease (UC vs CD) was the only
factor significantly associated with dose intensification.
The infiximab administration costs during the first year
were significantly higher for UC compared to CD (mean
+ SD 234.9 £ 53.3 Euros/kg vs 212.3 £ 15.1 Euros/
kg, P = 0.03).

CONCLUSION: The rate of infliximab dose intensifi-
cation per patient-month is significantly higher in UC
patients. The infliximab administration costs are also
significantly higher in patients with UC.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Infliximab dose intensification to counteract
loss of response is well established in the management
of patients with Crohn’s disease (CD). In ulcerative
colitis, the need for infliximab dose intensification is
less well established. The study compares for the first
time the need for infliximab dose intensification for ul-
cerative colitis and CD in the same clinical setting. The
need for infliximab dose intensification was significant-
ly higher in patients with ulcerative colitis compared
to patients with Crohn’s disease. The drug administra-
tion costs were also higher in patients with ulcerative
colitis. Our data provide a rational basis for economic
planning in patients with ulcerative colitis selected for
anti-tumor necrosis factor-o therapy.
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INTRODUCTION

Infliximab is a monoclonal antibody that targets tumour
necrosis factor (INF)-q and it is indicated for Crohn’
s disease (CD) and moderate-to-severe ulcerative colitis
(UC), among other conditions'"!. In the pivotal clinical
trials of infliximab in CD, patients were randomized to
placebo, 5 or 10 mg/kg maintenance dosing after an ini-
tial response[2’3j. In the ACCENT 1 trial for luminal CD,
dose intensification was allowed in patients who had lost
response during maintenance therapy. An analysis of
the results of this trial showed that approximately 90%
of those in the 5 mg/kg maintenance arm and 80% of
those in the 10 mg/kg maintenance arm re-established
response on switching to a higher dose (10 and 15 mg/
kg), respectivelyw. In the case of UC, the pivotal stud-
ies used for approval did not allow dose intensification
on loss of response during maintenance’. Although the
pivotal clinical trials provide less support for dose inten-
sification in UC, in clinical practice, the need for inflix-
imab dose intensification as a result of loss of response
has been reported by a number of authors™'".

In a systematic review in CD patients, the annual
risk of loss of infliximab response and need for inflix-
imab dose intensification was consistently established at
around 13% per patient—yearm. In UC patients the need
for infliximab dose intensification is less well defined.

No studies have directly compared the need for
dose intensification in CD and UC, even though loss of
response is a problem in clinical practice common to
both diseases. The primary objective of this study was to
compare the need for and time to infliximab dose inten-
sification in patients with CD and patients with UC in
the same clinical setting, The drug administration costs
were also compared between cohorts.

MATERIALS AND METHODS

Study design and selection of patients

In this single centre, uncontrolled observational study,
data collected prospectively as part of a well-established
treatment protocol (see below) were retrospectively
analyzed by chart review. All consecutive patients with
CD or UC who started infliximab in the Inflammatory
Bowel Disease Unit of our hospital between July 2008
and January 2010 were included. Only patients who
responded to the three infliximab induction doses ac-
cording to standard criteria and received at least the first
infliximab maintenance dose were eligible. Infliximab
was administered for CD or UC according to the indica-
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tions accepted in the summary of product character-
istics. The main reasons for prescription of infliximab
were steroid-refractory disease and steroid dependence
for both cohorts and perianal disease in the case of CD
patients. The study was approved by the local hospital
ethics committee.

Criteria for dose intensification

Patients were assessed for the need of infliximab dose
intensification by two specialists in inflammatory bowel
disease with more than 15 years of experience in this
field. Prescription of infliximab in our unit follows a
standard protocol that requires systematic recording in
the database of demographic and disease characteristics
prior to starting treatment, as well as information about
therapy (doses administered and any adverse reactions).
The demographic characteristics and disease characteris-
tics of the patients on initiating treatment were extracted
from this database. For the purposes of the analysis, the
initiation of treatment was taken as baseline.

The need for dose intensification, whether by in-
creased dose or decreased dosing interval, was noted.
For patients who required dose intensification, the time
relative to baseline (that is, the first induction dose) was
recorded. For patients who did not require dose intensi-
fication, time on infliximab was calculated as the interval
between the first infliximab induction dose and either
the last follow-up visit or the time of infliximab discon-
tinuation. Other treatment parameters such as concomi-
tant corticosteroid or immunomodulatory therapy were
also extracted. Adverse events were recorded throughout
the infliximab treatment (both before and, if applicable,
after intensification) in the clinical database.

Loss of response to infliximab was evaluated at each
visit during maintenance therapy. In patients with lumi-
nal CD or UC the need for infliximab intensification was
supported by measuring the Harvey-Bradshaw index!"”
or the 9-point partial Mayo score!”, respectively. Loss of
response was defined in those patients who responded
to the infliximab induction doses but were not in remis-
sion as follows: Harvey-Bradshaw score = 5 for luminal
CD or 9-point partial Mayo score = 4 for UC. Loss of
response in fistulising CD was evaluated by assessing the
number of draining fistulae, the amount of discharge
and the presence of pain and the restriction of daily
activities. Although these measures, together with the
C-reactive protein (CRP) values, were used to guide the
decision to intensify the dose, the final decision was
made by the investigators taking into account the overall
clinical situation of the patient. Before intensification
in patients in whom an infection was suspected, other
causes of persistent symptoms including coexistent cy-
tomegalovirus or Clostridinm difficile were ruled out.

Infliximab administration costs

The infiximab administration costs were calculated as
the purchase price paid by the hospital together with the
total number of infusions and the number of vials used
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Table 1 Baseline characteristics of the patients enrolled » (%)

Baseline characteristics Ulcerative colitis Crohn’s disease P
(n = 38) (n=59)
Sex
Men 16 (42.1) 33 (55.9) 0.184
Women 22 (57.9) 26 (44.1)
Age (mean * SD, yr) 419 (14.2) 38.9 (38.9) 0.312
Duration of disease [median (interquartile range), yr] 4.5 (2-10.3) 6 (1-12) 0.738
Smoking status
Non-smoker 15 (39.5) 21 (35.6) 0.003
Smoker 8 (21.1) 30 (50.8)
Ex-smoker 15 (39.5) 8 (13.6)
Steroid status
Neither steroid dependent nor refractory 0 19 (32.2) <0.001
Steroid dependent 21 (55.3) 33 (55.9)
Steroid refractory 17 (44.7) 7 (11.9)
Steroid use at induction
No 10 (26.3) 38 (64.4) <0.001
Yes 28 (73.7) 21 (35.6)
Immunomodulator therapy
No 7 (18.4) 14 (23.7) 0.536
Yes 31 (81.6) 45 (76.3)

per administration. The cost of the drug treatment was
derived from the Catalogue of Pharmaceutical Special-
ties of the Spanish General Council of Pharmacists for
the year 2010. The costs of the remaining resources,
mainly day-care hospitalizations for infliximab admin-
istration, were obtained from the Spanish health-care
costs database SOIKOS. The total administration costs
(infliximab, pre-medication and day-care hospitalization
costs) were calculated for each patient who were in treat-
ment for at least 1 year. Results were weight-adjusted
and expressed as cost (Euros) per kilogram for the first
year of treatment.

Outcomes

The co-primary endpoints were the differences in the
rates of patients requiring infliximab dose intensifica-
tion per month and the intensification-free survival time
between the cohorts of patients with CD or UC. We
also evaluated the interval between the first infliximab
induction dose and the first infliximab escalated dose.
Potential predictors of the need for infliximab dose
intensification such as age, gender, type of disease (CD
or UC), disease duration, reason for infliximab prescrip-
tion (steroid dependence, steroid-refractory disease, or
perianal disease in the case of CD) and steroid or im-
munosuppressant use at baseline were investigated. We
also calculated the impact of the type of disease and the
need for dose intensification on infliximab administra-
tion costs.

Statistical analysis

Study variables were summarized descriptively using
number and percentage for discrete variables and mean
+ SD or medians (IQR) as appropriate for continuous
variables. Demographic, disease and treatment charac-
teristics were explored using the Zz test for qualitative
variables and the Student #test and the median test if
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applicable for quantitative variables. The rates of intensi-
fication per patient-month of treatment were calculated.
Intensification-free survival was estimated using the
Kaplan-Meier method and differences between curves
evaluated using the Breslow exact test. A Cox propor-
tional hazards survival regression analysis was employed
to estimate the adjusted hazard ratios and their 95%CI.
Variables with P < 0.10 in the univariate analysis were
included in the model. The null hypothesis was rejected
in each statistical test when P < 0.05. Analysis was pet-
formed using the SPSS version 15.0 (Chicago, IL, Unit-
ed States) statistical package for Microsoft Windows.

RESULTS

Ninety-seven patients from our prospectively maintained
database of about 1400 patients with inflammatory bowel
disease were evaluated. Demographic characteristics and
the use of steroids or immunosuppressants at baseline
(time of first infliximab induction dose) are shown in Ta-
ble 1. The two cohorts showed no differences regarding
sex, age and disease duration. At the time of diagnosis,
more patients with CD were smokers, whereas more pa-
tients with UC were ex-smokers. Infliximab was indicated
due to steroid-refractory disease in a higher proportion
of UC patients. In one-third of CD patients (# = 19), in-
fliximab was prescribed to treat complex perianal disease.
Twenty-six patients (70%) had extensive UC, and 12 (30%)
left-sided colitis. A greater proportion of UC patients
were receiving steroids at baseline (P < 0.001). Infliximab
was never administered as salvage therapy to hospital-
ized patients with severe UC refractory to intravenous
steroids. There were no significant differences in the pro-
portions of patients who were receiving immunomodula-
tor treatment at baseline (Table 1).

Thirty-two patients required infliximab dose intensi-
fication, 16 of 38 (42%) patients with UC and 16 of 59
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Table 2 Summary of dose intensification

Dose intensification Ulcerative colitis Crohn’s disease P value
(n = 38) (n =59)
Time on infliximab' [median (interquartile range), mo] 9 (5.2-12.5) 13.1 (8.1-23.3) 0.006

Rate of intensification per patient-month 3.9% 1.4% 0.005
Time to infliximab intensification [median (interquartile range), mo] 6.6 (4.2-9.5) 10.7 (8.9-15.7) 0.005

'Time on infliximab: Interval of time between the first infliximab induction dose and the first infliximab intensified dose, or for patients who did not require
dose intensification time between the initiation of infliximab and either the last follow-up visit or the time of infliximab discontinuation.
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Figure 1 Cumulative probability of avoiding infliximab dose intensifica-
tion. The data below indicate the number and percent of patients at risk. Com-
parison using the Breslow test. CD: Crohn’s disease; UC: Ulcerative colitis.

(27%) patients with CD. At the time of intensification,
patients with luminal CD had a Harvey-Bradshaw score
of 8.2 + 4.6 (range 5-13) and the patients with UC a
9-point partial Mayo score of 5.9 * 1.5 (range 4-8). Of
these 32 patients with dose intensification, the dose was
increased to 10 mg/kg every 8 wk in 10 patients and the
dosing interval was shortened in the remaining 22 (to 5
mg/kg every 6 wk in 20 patients and to 5 mg/kg every 4
wk in two patients). There were no significant differenc-
es according to type of intensification between the two
cohorts. At time of intensification, 18 out of 32 (56.3%)
patients were on immunomodulators; the proportion
was similar regardless of type of disease. Before the first
intensified dose of infliximab, the mean + SD CRP (mg/
dL) was 1.8 (2.9) for patients with CD and 1.4 (3.2) for
patients with UC.

Need for infliximab dose intensification

The duration of exposure to infliximab was longer in
patients with CD than in patients with UC [median 13.1
mo (IQR: 8.1-23.3 mo) »s 9 mo (IQR: 5.2-12.5 mo), P
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= 0.000] (Table 2). Total exposure to infliximab was 404
mo for the 38 patients with UC compared to 1133 mo
for the 59 patients with CD. The rates of patients requir-
ing dose intensification per month with infliximab were
significantly higher for UC compared with CD (3.9% us
1.4% per month, P = 0.005). The rate of infliximab dose
intensification per patient-month was not significantly
different between perianal and luminal CD (1.2% »s 1.6%
per month, P = 0.4). Patients with UC showed a sig-
nificantly higher rate of infliximab dose intensification
per patient-month when compared with the cohort of
patients with luminal CD (3.9% »s 1.6% per month, P =
0.03). No significant differences in the rate of infliximab
dose intensification per patient-month were observed
for luminal CD according to Montreal localization (L1 »s
1L2+L3, P = 0.0).

In patients who needed infliximab intensification, the
median time from baseline to intensification was signifi-
cantly shorter in the UC cohort compared to the CD co-
hort [6.6 mo (IQR: 4.2-9.5 mo) »s 10.7 mo (IQR: 8.9-11.7
mo), P = 0.005]. As shown in Figure 1, the Kaplan-
Meier curves for cumulative probability of avoiding dose
intensification rapidly separated for the two cohorts. The
cumulative probability of avoiding infliximab dose in-
tensification was higher in CD patients, with the Breslow
exact test showing a highly significant difference (P =
0.002).

Predictors of the need for infliximab dose intensification
The only factor significantly associated with the rates of
patients requiring dose intensification per month was
disease, with intensification being more likely with UC
(HR = 2.73, 95%CI: 1.31-5.69, P = 0.007) (Table 3).
Patients who were receiving immunomodulator treat-
ment at baseline showed a trend toward a lower adjusted
rate of infliximab intensification (HR = 0.51, 95%CI:
0.24-1.07, P = 0.08). Neither the need for steroids at
baseline nor having steroid-refractory disease at baseline
were associated with the need for infliximab dose inten-
sification.

Infliximab administration costs

The infiximab administration costs during the first year
were significantly higher for UC patients compared to
CD patients (mean = SD 234.9 * 53.3 Euros/kg vs
212.3 + 15.1 Euros/kg, P = 0.03). The first-year infix-
imab administration costs to patients weighting 70 kg
were 16443 Euros for UC and 14861 Euros for CD. In
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Table 3 Summary of factors associated with dose intensification in the multivariate analysis

Factor Adjusted Hazard ratio 95%CI P value
Corticosteroid dependence (yes/no) 1.359 0.425-4.343 0.605
Age 1.015 0.991-1.040 0.216
Induction with corticosteroids (yes/no) 1.258 0.521-3.041 0.610
OImmunomodulator use (yes/no) 0.510 0.242-1.073 0.076
Disease (ulcerative colitis vs Crohn’s disease) 2.732 1.313-5.686 0.007

Table 4 Summary of studies of infliximab dose intensification in ulcerative colitis: Proportion of patients who needed infliximab in-

tensification

Ref. Patients' Median duration of follow-up (mo) Dose intensification
Rostholder et al'” 50 14° 54%
Oussalah ef al” 80 18 45%
Seow et al” 93 14 58%
Arias et al™ 136 14 46%
Present study 38 9 42%

'Only patients who responded and started maintenance therapy; “Mean duration.

the multivariate analysis, only the type of disease (P =
0.02) and the need for infliximab dose intensification (P
= 0.008) were associated with increased drug costs.

Safety

Twenty-five patients experienced a total of 42 adverse
events during the whole follow-up period. Five adverse
events were classified as severe: 2 herpes zoster, 1 severe
delayed hypersensitivity reaction, 1 viral meningitis and
1 leishmaniosis. Six adverse events led to the discontinu-
ation of infliximab: 1 herpes zoster, 1 severe delayed
hypersensitivity reaction, 1 viral meningitis and 3 acute
infusion reactions. Two of the severe adverse events that
led to discontinuation occurred in patients with intensi-
fied doses.

DISCUSSION

This study compares for the first time the need for in-
fliximab dose intensification between patients with UC
and CD in the same clinical setting. Our study also pro-
vides an updated comparison of the drug administration
costs between cohorts, which is necessary in understand-
ing the economic burden of inflammatory bowel dis-
ease. Infliximab is a chimeric IgG1 monoclonal antibody
with a high affinity for TNF-q, which is an important
cytokine in the pathogenesis of inflammatory bowel dis-
case!™. The validity of using TNF-g as a therapeutic tar-
get has been demonstrated in randomized clinical trials
with infliximab in both the induction and maintenance
setting of luminal® and fistulising CD" and in UCP,
Despite the proven efficacy of infliximab in the
maintenance setting, loss of response is a real problem.
Gisbert e al' reviewed 16 studies that assessed loss
of response in CD. For follow-up durations of between
5 and 72 mo, the loss of response ranged from 11% to
54%. The authors calculated that the annual risk of loss
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of infliximab response was 13.1%, which is similar to the
rate found in our study (1.4% per patient-month or 16.8%
annually of patients who lost response and required dose
intensification). Gisbert ez a/'" also studied the outcomes
of infliximab dose intensification and found evidence
of the effectiveness of the approach. For example, in
the ACCENT 1 study, dose intensification to 10 mg/kg
was effective in 90% of the patients in the 5 mg/kg dose
arm who had loss responsem. In a multicentre study,
dose intensification, whether by doubling the infliximab
dose ot by shortening the dosing interval to 5 mg/kg
every 4 wk, enabled response to be regained in 73% of
patients[ﬁ]

In the case of UC, the need for infliximab dose in-
tensification is less well defined. The extension study of
the pivotal ACT trial reported that only 7% of patients
required dose intensification'”. The situation in clinical
practice, however, would seem to be very different. In
observational studies, the proportion of patients who
needed infliximab dose intensification ranged between
42% and 58% for follow-ups between 14 and 18 mo
(Table 4)7"". The need for intensification in our study
(42% after a median of 9 mo of follow-up) is within the
range reported in the other studies performed in a clini-
cal practice settingW’lO].

To the best of our knowledge there are no studies
published comparing the need for infliximab dose in-
tensification for UC and CD in the same hospital or by
the same specialists. Given that the rationale for dose
intensification in UC is not supported by randomized
studies, such a comparison provides further support for
this therapeutic approach. There is also a need for long
term observational data on the costs incurred by patients
selected for anti-TNF-a therapy, without forgetting that
the intensification of the drug is one of the main driv-
ers of the increased direct costs"”. Our study confirmed
that the drug intensification rates had a significant im-
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pact on infiximab administration costs. The infiximab
administration costs were higher in patients with UC,
and this was related to the increased need for drug inten-
sification in this cohort of patients.

We observe a higher rate of dose intensification per
patient-month in patients with UC, and this dose intensi-
fication is also required earlier than in patients with CD.
Although it could be argued that the size of the cohort
and follow-up are limited, we have compared more than
400 and 1100 mo of follow-up for patients with UC and
CD, respectively, resulting in highly significant differenc-
es in the primary endpoints. In addition the differences
were established very early in time, and do not seem
reasonable that it would change with longer follow-ups.
Loss of response to infliximab and other anti-TNF-q
agents in CD is generally thought to arise because of the
immunogenic nature of these drugs. For example, in a
paediatric study, 22% of responders at the end of follow-
up had developed anti-infliximab antibodies compared
to 75% of children who had lost responsem. In patients
with UC, repeated administration may lead to the devel-
opment of anti-infliximab antibodies over time, inducing
a drop in infliximab trough serum levels and hence the
need for dose intensification”. Arias ef @/ showed that
patients with UC who displayed low infliximab trough
levels demonstrated shorter time to dose intensification.
However, in our study, the Kaplan-Meier curve of time
to intensification (Figure 1) clearly shows that a propos-
tion of patients with UC require dose intensification
earlier in follow-up than is the case for Crohn’s patients.
This is a reflection that more patients with UC need
infliximab dose intensification at the start of the main-
tenance period. It may be that UC, which is a different
disease entity, may require higher doses of infliximab for
an initial control of the disease. Seow ¢ a/” desctibed a
high proportion of patients with UC with absent trough
levels of infliximab that contrast with other studies in
CD. They suggested that the explanation could be a
more rapid clearance of infliximab in UC patients.

Several reasons might explain the reported high rates
of infliximab dose intensification in patients with UC.
First, such an approach in CD patients has been shown
to be effective, while administration every 8 wk of the
10 mg/kg has been shown to have an equivalent safety
profile compared to the lower dose, both in CD"" and
UC". Second, in a subset of patients with UC, inflix-
imab could be used as a last resort to avoid the need
for colectomy. In a subanalysis of pooled data from the
ACT1 and ACT? trials, there was a significant difference
between the 10 mg/kg dose group and placebo in terms
of reduced need for colectomy but not for the 5 mg/kg
dose group”g]. Third, when the study was performed, in-
fliximab was the only anti-TNF agent approved for use
in UC. In clinical practice, adalimumab has only been
used as an alternative treatment in UC after discontinu-
ation of infliximab due to an adverse effect or after loss
of response despite intensification!”. Cyclosporine is
also useful when used as rescue therapy in acute severe
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steroid-refractory UC, but patients need to be hospital-
ized”", Interestingly, a recent survey of clinical practice
showed that not only adult gastroenterologist but also
paediatric gastroenterologist who prescribed infliximab
considered that intensified doses of infliximab have a
recognized role and perceived benefit in the treatment
of some paediatric UC patientsm]

The study is subject to a number of limitations. First,
this was a retrospective study. However, the data were
collected prospectively by the same two inflaimmatory
bowel disease specialists according to the infliximab
treatment protocol. Another limitation of the study
was the discretional criteria used to decide infliximab
dose intensification. In the ACCENT 1 study the loss
of response was defined by an increase in CDAI for
patients with CDY. In the ULTRA 1 study the need for
adalimumab dose intensification in patients with UC was
defined according to the Partial Mayo Score values™
Therefore in clinical trials the definition of loss of re-
sponse or inadequate response during the maintenance
phase has been based on clinical activity indexes, and
not on c-reactive protein values nor on endoscopic as-
sessment. In our study, the physician global assessment,
supported by the Harvey-Bradshaw score or the Partial
Mayo Score, was used to guide the decision to intensify
the infliximab dose. This assessment is subject to poten-
tial bias. CRP values were also taken into account in the
final decision. In conclusion, in contrast to the case in
clinical trials, the decision to escalate the dose of inflix-
imab is based on “real life” clinical practice.

Another weakness of the study is that, in our clini-
cal practice, infliximab trough serum levels and anti-
infliximab antibodies titres are not usually determined.
Such information could be useful for explaining the dif-
ferences in the need for infliximab dose intensification
between the two diseases, and also to understand the
possible role of combination therapy in the reduction of
anti-infliximab immunogenicitym]. Genetic test were not
available in our study. Genetic polymorphisms may con-
tribute to predict efficacy of infliximab"*".

As regards the adverse effects profile, our results are
similar to those of large controlled series in patients with
CD or UC treated with infliximab™*.

In conclusion, in clinical practice, the rate of patient-
months of treatment with need for infliximab dose
intensification was higher in patients with UC compared
to patients with CD. Patients with UC required inten-
sification of infliximab dosing earlier and infliximab
intensification-free survival was also lower in these pa-
tients. The infiximab administration costs were higher in
patients with UC. Our data provide a rational basis for
economic planning in patients with inflammatory bowel
disease selected for anti-TNF-q therapy.
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