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Doubling the Infliximab Dose Versus Halving the Infusion
Intervals in Crohn’s Disease Patients with Loss of Response

Lior Katz, MD,” Javier P. Gisbert, MD, PhD,” Beth Manoogian, MD,’ Kirk Lin, MD,* Casper Steenholdt, MD,?
Gerassimos J. Mantzaris, MD, PhD,® Ashish Atreja, MD, MPH,” Yulia Ron, MD,® Arun Swaminath, MD,’
Somal Shah, MD,™° Ailsa Hart, PhD, MRCR'" Peter Laszlo Lakatos, MD, PhD,’? Pierre Ellul, MD,">

Eran Israeli, MD,"* Mads Naundrup Svendsen, MD,’® C. Janneke van der Woude, MD, PhD,’®

Konstantinos H. Katsanos, MD, PhD,"” Laura Yun, MD,"® Epameinondas V. Tsianos, MD, PhD,"”

Torben Nathan, MD,"> Maria Abreu, MD,’° Iris Dotan, MD,® Bret Lashner, MD, MPH,” Jorn BrynskoV/, MD,®
Jonathan P. Terdiman, MD,* Peter D.R Higgins, MD, PhD,”> Maria Chaparro, MD, PhD,?

and Shomron Ben-Horin, MD

Background: Intensifying infliximab therapy is often practiced in Crohn’s disease (CD) patients losing response to the drug but there are no
data if halving the interval is superior to doubling the dose. We aimed to assess the efficacy of infliximab dose intensification by interval-halving
compared with dose-doubling.

Methods: A multicenter retrospective study of CD patients losing response to infliximab was undertaken. The clinical outcome of patients
whose infusion intervals were halved (5 mg/kg/4 weeks) was compared with patients treated by dose-doubling (10 mg/kg/8 weeks).

Results: In all, 168 patients were included from 18 centers in Europe, USA, and Israel. Of these, 112 were intensified by dose-doubling and 56
received interval-halving strategy. Early response to dose-escalation was experienced by 86/112 (77%) patients in the dose-doubling group com-
pared with 37/56 patients (66%) in the interval-halving group (odds ratio [OR] 1.7, 95% confidence interval [CI] 0.8-3.4, P = 0.14). Sustained
clinical response at 12 months postescalation was maintained in 50% of patients in the dose-doubling group compared with 39% in the interval-
halving group (OR 1.5, 95% CI 0.8-2.9, P = 0.2). On multivariate analysis, predictors of long-term response to escalation were a nonsmoking
status, CD diagnosis between 1640 years of age, and normal C-reactive protein (CRP).

Conclusions: Dose intensification leads to a sustained regained response in 47% of CD patients who lost response to standard infliximab dose,
but halving the infusion intervals is probably not superior to dose-doubling. Given the costs and patient inconvenience incurred by an additional
infusion visit, the dose-doubling strategy may be preferable to the interval-halving strategy.

(Inflamm Bowel Dis 2012,;18:2026-2033)
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he anti-tumor necrosis factor alpha (TNF-«) infliximab and in ulcerative colitis.'"™ Although episodic administra-
is a monoclonal mouse—human chimeric IgG1 construct  tion of the drug was initially common, it was later shown
that was proven efficacious in both Crohn’s disease (CD) that scheduled therapy results in a higher rate of
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maintained remission and a reduced number of hospitaliza-
tions.*> However, despite its efficacy in inducing and
maintaining remission, up to 46% of the patients may
experience loss of response (LOR) and require dose
escalation of infliximab within 12 months of commencing
therapy.®” Differing intensification strategies, either by
shortening the interval between infusions or by increasing
the dose, are often attempted strategies to regain response
in these patients. Nonetheless, the optimal protocol for
infliximab dose escalation remains to be determined. Phar-
macodynamic mathematic modeling has lead investigators
in the ATTRACT study of rheumatoid arthritis to propose
that shortening the infusion intervals would attain higher
area-under-curve (AUC) concentrations of infliximab com-
pared with increasing the dose.® However, there are no
published studies directly comparing the two policies, i.e.,
doubling the dose to 10 mg/kg/8 week versus halving the
infusion intervals to 5 mg/kg/4 weeks. Although they pro-
vide an equal cumulative amount of medication, a compari-
son between these two strategies is desirable given that the
direct costs incurred and patient inconvenience are prob-
ably greater with the interval-halving approach.

Therefore, the aim of the present study was to inves-
tigate the efficacy of halving the infusion intervals to once
in 4 weeks (5 mg/kg/4w) as compared with a double-dose
approach (10 mg/kg/8w) in CD patients losing response to
infliximab.

MATERIALS AND METHODS

Study Design and Population

This was an observational retrospective study of inflixi-
mab-treated CD patients in the years 2000-2010 at the Gastroen-
terology Departments of the participating tertiary medical cen-
ters. The study population included patients who had lost
response to maintenance infliximab infusions of 5 mg/kg every 8
weeks as per their treating physician’s judgment and who
were directly dose-intensified by either 5 mg/kg/4 weeks or by
10 mg/kg/8 weeks. Patients who were first dose-escalated to
other regimens such as 5 mg/kg/6 weeks or 7.5 mg/kg/8 weeks
were excluded, as were patients who were dose-escalated during
the induction phase (i.e., before the fourth infliximab infusion).
Patients were identified in the participating centers by a search
of a computerized inflammatory bowel disease (IBD) database
(where available) or by a manual screen of all charts of patients
receiving infliximab at the designated time period. The patients
were divided into two groups according to the intensification
regimen originally prescribed by their physician: a 5 mg/kg ev-
ery 4 weeks group versus a 10 mg/kg every 8 weeks group.
Patient charts were reviewed by an investigator in the participat-
ing institution and clinical and laboratory parameters were
recorded. The clinical outcome of regained response at the first
clinic visit after the first intensified dose infusion (immediate
response) and after 1 year (sustained response) was compared

for the patients in the two groups. The study was approved by
the Institutional Ethics Committee of the Sheba Medical Center
and also approved or exempted by the local Ethics Committees
of the participating centers.

Definitions

Maintenance dosing was defined as at least one 8-week-
interval infusion of infliximab following the induction course
and prior to any dose escalation. Immediate response to inten-
sification was defined as improvement of the symptoms at the
first clinic visit (within 4-8 weeks) after dose-intensification
of infliximab as per the treating physician judgment, coupled
with a decision to continue the intensified dose strategy with-
out alterations. Long-term sustained response was defined as
improvement of the symptoms on intensified therapy lasting at
least 1 year without any further alterations of the therapeutic
regimen. Failure of the intensified therapeutic strategy was
defined by the absence of improvement of the symptoms of
disease and by a decision by the treating physician to increase
the dose or shorten the dose interval of infliximab further, add
immunomodulator or corticosteroids therapy, switch to another
anti-TNF medication (adalimumab/certolizumab) or biologic,
or refer for CD-related surgery. In attempt to distinguish
between possibly different mechanisms of LOR, we also sepa-
rately subanalyzed patients with early LOR (defined as symp-
toms rapidly reemerging less than 4 weeks after the last infu-
sion) versus those with late LOR (symptoms reemerging 1-3
weeks before the next maintenance infusion).

Statistical Analysis

Continuous variables were analyzed by a two-tailed Stu-
dent’s t-test or the Mann—Whitney U-test, as appropriate, and
categorical variables were analyzed by Fisher’s exact test.
Odds ratio (OR) and 95% confidence intervals (CI) were com-
puted for all variables compared. For continuous variables, the
ORs were computed after division of the cohort to above/
below the median value for the respective parameter. Multi-
variate analysis was preformed by entering all parameters
varying between groups on univariate analysis with a statisti-
cal significance of P < 0.1 into a backwards logistic regres-
sion model. Regarding sample size, based on the data from
our preliminary study and the ATTRACT study investigators’
postulation of superiority of interval-shortening,*’ we assumed
a 20% rate of maintained response to double-dose at 12
months versus a 45% rate for 12-month response by interval-
halving. To detect this difference with a power of 80% and
with a level of 5% we computed that 52 patients in each arm
(total of 104) would be required. All statistics were performed
using MedCalc software (Mariakerke, Belgium). A two-tailed
P < 0.05 was considered statistically significant.
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TABLE 1. Demographics and Clinical Characteristics of the Study Population and Stratified to the Treatment Arms

Entire cohort 10 mg/kg/8w 5 mg/kg/4w
(n=168) (n=112) (n=56) P-value
Female gender 85 (51%) 18.1 57 (51%) 28 (50%) 0.9
Mean age (median) 25+13 (24) 25+12 (24) 26+14 (23) 0.6
Smoking* 32 (20%) 16 (17%) 16 (33%) 0.03
Mean duration of disease in years (median) 128 (10) 13+9 (11) 109 (7) 0.04
Extraintestinal manifestations™ 49 (40%) 34 (43%) 15 (30%) 0.2
Prior anti-TNF (adalimumab) failure 4 2%) 3 (3%) 1 (2%) 0.7
History of episodic infliximab therapy* 22 (15%) 15 (15%) 7 (13%) 0.7
Previous intestinal surgery* 56 (39%) 41 (43%) 15 (32%) 0.3
Age at diagnosis* <16 27 (17%) 20 (20%) 7 (13%) 0.3
1640 107 (67%) 68 (67%) 39 (74%) 0.4
>40 26 (16%) 13 (13%) 7 (13%) 0.9
Location Upper 7 (4%) 6 (5%) 1 (2%) 0.4
Small bowel 24 (14%) 17 (15%) 7 (12%) 0.6
Colon 42 (25%) 26 (23%) 16 (28%) 0.4
Ileocolonic 100 (60%) 68 (61%) 32 (57%) 0.18
Disease phenotype Penetrating 74 (44%) 54 (48%) 20 (36%) 0.12
Stricturing 45 (27%) 26 (23%) 19 (34%) 0.14
Perianal 77 (46%) 55 (49%) 22 (40%) 0.2
Concurrent immunomodulators Thiopurines 114 (68%) 76 (68%) 38 (68%) 0.99
Methotrexate 7 (4%) 3 3%) 4 (7%) 0.18
Postinfusion time to LOR (time of Early (< 4 weeks) 56 (42%) 36 (41%) 20 (43%) 0.9
re-emerging symptoms)* response Late (>4 weeks) 78 (58%) 51 (59%) 27 (57%) 0.9
Mean number of IFX infusions until 9+9 (6) 9+9 (6) 8.5£7 (5) 0.8
LOR (median)
CRP level before escalation™ Normal 37 (30%) 22 (31%) 15 (29%) 0.8
Elevated 85 (70%) 49 (69%) 36 (71%) 0.8

For continuous values both the mean and the median (in parentheses) are noted.
*Items for which not all patients’ data were available. IFX, infliximab; LOR, loss of response; CRP, C-reactive protein.

RESULTS

Patient Characteristics

Two hundred and fifteen double-dosed or interval-
halved CD patients were identified in the participating cen-
ters. Of these, 47 were excluded due to missing data (n =
26), incorrect classification (n = 13), or unclear/alternating
escalation protocols (n = 8). Thus, there remained 168
patients who comprised the study population. Out of the
168 patients, 34 patients were previously reported together
as a double-dose arm (without distinguishing between 10
mg/kg/8w to 5 mg/kg/4w) in another study.’ These patients
were included in the present study, but are reported sepa-
rately corresponding to the two intensification arms. Dou-
ble-dosing to 10 mg/kg/8 weeks was the first intensification
strategy in 112 (67%) of the patients, whereas in 56
patients (33%) the infusion intervals were shortened to ev-
ery 4 weeks as their first intervention after LOR. The de-
mographic and disease characteristics of the study cohort,
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stratified into the two treatment groups are depicted in
Table 1.

Early Clinical Response

Overall, 123 out of 168 (73%) study patients had
short-term clinical response to dose intensification (Fig. 1).
Eighty-six out of 112 (77%) patients in the 10 mg/kg/8w
group experienced early response to intensification com-
pared with 37/56 patients (66%) in the 5 mg/kg/4w group
(OR 1.7, 95% CI1 0.8-3.4, P = 0.14).

C-reactive protein (CRP) measurement at the time of
LOR before the intensification dosing was available for
122 patients. Elevated CRP above the upper limit of nor-
mal was found in 29/34 (85%) of patients who failed to
respond to the intensified dose compared with 56/88 (64%)
of those who responded (OR 3.2 95% CI 1.2-94, P =
0.02). A complicated disease phenotype was more com-
monly associated with favorable short-term response to
escalation. Thus, 39/45 patients with stricturing disease had
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FIGURE 1. Early response rate at 4-8 weeks postescalation and
sustained response at 12 months postescalation for dose-doubling
(white bars) compared with interval-halving (black bars) strategies.

an early response to escalation compared with 24/49 with
an inflammatory phenotype (OR 4.8, 95% CI 2.4-18, P <
0.001) and 59/74 patients with penetrating disease
responded compared with the 24/49 inflammatory pheno-
type patients (OR 4.1, 95% CI 1.8-9.1, P < 0.001). On a
multivariate analysis, normal CRP, stricturing and penetrat-
ing disease have all retained an independent association
with short-term response to escalation with statistical sig-
nificance of P < 0.05, whereas the type of escalation strat-
egy (5 mg/kg/4w or 10 mg/kg/8w) was not correlated with
early response (P = 0.4, data not shown).

Sustained Clinical Response

Two patients had shorter than 1-year follow-up (one
from each group) and were excluded from the analysis of
sustained response at 12 months. Out of the remaining 166
patients, 56/111 (50.4%) in the 10 mg/kg/8w group had a
sustained clinical response at 12 months after infliximab
intensification, compared with 22/55 (39%) patients in the
5 mg/kg/4w group (OR 1.5, 95% CI 0.8-2.9, P = 0.2, Fig.
1). The Kaplan—Meier curve for sustained response over
time during the first 12 months after dose-escalation is
shown in Figure 2. Interestingly, eight patients who had
early response to escalation were later stepped back down
to 5 mg/kg/8w regimen and have maintained a sustained
response. The clinical parameters of patients with or with-
out a sustained 12-month response to escalation are shown
in Table 2 along with multivariate analysis of factors found
to be associated with sustained response with a statistical
significance of P < 0.1. As can be seen, a nonsmoking sta-
tus, age of diagnosis between 1640, and normal CRP at
LOR were all independently associated with sustained 12-
month response to dose intensification.

To verify that the type of escalation (5 mg/kg/4w or
10 mg/kg/8w) was not associated with the 1-year outcome,
we also repeated this multivariate analysis after including

the type of intensification strategy in the model. Similar to
the results of the univariate analysis, this analysis failed to
detect a statistically significant association of the specific
dose-escalation regimen with the sustained response at 1
year (data not shown). The type of LOR, whether no
response (symptoms emerging rapidly <4 weeks after the
last infusion) or shortened response (symptoms arising 5—7
weeks after the infusion) was available for 132 patients.
Among the 56 patients who were dose-escalated due to no
response, 9/20 who were escalated to 5 mg/kg/4w
responded compared with 19/35 in the 10 mg/kg/8w group
(OR 1, 95% CI 0.3-3, P = 0.95). Among the 76 patients
escalated due to shortened response (symptoms emerging
5-7 weeks after last infusion), 11/25 in the 5 mg/kg/4w
enjoyed a 12 months sustained response compared with 27/
50 in the 10 mg/kg/8w group (OR 0.7, 95% CI 0.2-1.8,
P =04).

Subsequent Therapies After First Dose Escalation

The course and subsequent therapies employed for
the individual study patients are shown in Figure 3. Out of
the 87 patients who had primary or secondary LOR to the
first dose escalation, 28 (32%) were further dose-intensified
a second time and the rest were switched to other medica-
tions or were referred to surgery (Fig. 3). Regained
response by the second escalation was experienced by 9/28
(32%) patients (median follow-up time 4 = 15 months,
range 2—48 months). When considered together, the first
and second escalations resulted in 87/166 (52%) of patients
being in sustained clinical response at 12 months after ini-
tial LOR.

DISCUSSION
The present study compared the efficacy of halving
the infusion intervals of infliximab to once in every 4
weeks with doubling the dose in patients who lost response
to standard maintenance regimen. Other alternatives for
dose escalation, such as 5 mg/kg/6 weeks, are probably
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FIGURE 2. Cumulative probability of LOR over time after escalation
of infliximab to 5 mg/kg/4w (solid line) compared with intensifica-
tion to 10 mg/kg/8w (dashed line).

2029



Katz et al Inflamm Bowel Dis ® Volume 18, Number 1I, November 2012

TABLE 2. Uni- and Multivariate Analysis of the Association of Clinical Parameters with Sustained Response Versus the
Failure to Achieve Sustained Response to the First Escalation

Sustained ~ No Sustained Univariate Multivariate
Response Response AnalysisOR Analysis OR
(n=178) (n=88) (95% CI) P-value (95% CI) P-value
Female gender 39 (50%) 45 (51%) 0.95 (0.5-1.8) 0.6 _ _
Mean age (median) 35+12 (35) 33*=13 (30) 1.3 (0.3-2.3) 0.8 _ _
Smoking* 9 22 0.4 (0.2-0.95) 0.03 0.4 (0.1-1.01)  0.053
Mean duration of disease, years (median) 9.3+8.5 (7) 7.68 (4) 1.3 (0.7-2.4) 0.09 0.9 (0.4-2.2) 0.9
Extra-intestinal manifestations* 25 (44%) 23 (36%) 1.4 (0.7-2.9) 0.4 _ _
Prior anti-TNF failure 1 (1%) 3 (3%) 0.4 (0.03-3.7) 0.4 _ _
Episodic infliximab therapy* 8 (12%) 14 (17%) 0.7(0.3-1.7) 0.4 _ _
Previous intestinal surgery* 31 (46%) 25 (35%) 1.5 (0.8-2.9) 0.2 _ _
Age at diagnosis* <16 11 (14%) 16 (20%) 0.65 (0.3-1.5) _ _
1640 61 (78%) 44 (55%) 2.9 (1.4-5.9) 0.002 2.7 (1.1-7.7) 0.04
>40 6 (8%) 20 (25%) 0.25 (0.1-0.7)  0.005 0.2 (0.03-0.9) 0.04
Location Upper 1 (1%) 6 (7%) 0.2 (0.02-1.5) 0.11 _ _
Small bowel 9 (12%) 15 (17%) 0.6 (0.3-1.5) 0.3 _ _
Colon 48 (61%) 51 (58%) 1.1 (0.6-2.1) 0.6 _ _
Ileocolonic 20 (26%) 21 (24%) 1.1 (0.5-2.2) 0.8 _ _
Disease phenotype Penetrating 36 (46%) 37 (42%) 1.2 (0.6-2.2) 0.6 _ _
Stricturing 26 (33%) 18 (20%) 1.9 (0.96-3.9) 0.06 1.4 (0.5-3.6) 0.5
Peri-anal 39 (50%) 37 (42%) 1.4 (0.7-2.5) 0.3 _ _
Concurrent immunomodulators Thiopurines 54 (81%) 58 (75%) 1.2 (0.6-2.3) 0.6 _ _
Methotrexate 2 (3%) 5 (6%) 0.4 (0.1-2.3) 0.3 _ _
Postinfusion time to LOR Early (< 4 weeks) 23 (37%) 33 (47%) 0.7 (0.3-1.3) 0.2 _ _
Late (>4 weeks) 39 (63%) 37 (53%) 1.5 (0.7-3) 0.2 _ _
Mean number of IFX maintenance infusions 9.4+8.9 (6) 8+8.8 (6) 0.9 (0.5-1.7) 0.4 _ _
until LOR (median)
Normal CRP before escalation* 23 (43%) 13 (19%) 3.2 (1.4-7.1) 0.005 4 (1.5-10.3) 0.004

For continuous values both the mean and the median (in parentheses) are noted.
*Items for which not all patients’ data were available. IFX, infliximab; LOR, loss of response; CRP, C-reactive protein; OR, odds ratio; CI, confidence

interval.

more commonly practiced than the above strategies,” but
were not presently examined because their cumulative
infliximab doses are not comparable to those of the two
dose-doubling strategies. Despite this reservation, an im-
portant observation of this study is that even within the
choice of two dose-doubling strategies, there is disagree-
ment between IBD physicians on the optimal intensification
protocol, resulting in a third of the patients having their
infusion intervals halved while the remaining ones were
double-dosed. These disparate management approaches
likely reflect the fact that there are few data pertaining to
the rates of regained response by different dose-escalation
strategies, and comparative data between different
approaches are particularly lacking. For instance, out of
547 responders to infliximab in one series, 89 (16%) were
dose-escalated to 10 mg/kg/8 weeks and in 108 patients
(19.7%) the dose intervals were reduced, but no data were
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provided on how many of these interval reductions were to
5 mg/kg/4 weeks and no direct comparison between the
success of the two approaches was available.'® Another
group reported on infliximab-treated patients of whom 54%
required dose intensification and 76% responded.'’ How-
ever, no details were presented regarding the success of the
different intensification protocols or the response rate at 12
months postescalation.

Notably, the only infliximab dose-intensification strat-
egy reported in the context of a clinical trial was the esca-
lation to 10 mg/kg/8w in the ACCENT I study, which was
required by 28% of the patients and yielded a regained
response in 88% of patients.! However, the duration of this
regained response was not reported, nor was it compared
with other regimens. Thus, ACCENT I could not resolve
the best escalation strategy in such circumstances. This
question is particularly pertinent given a mathematical
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FIGURE 3. The clinical course of the patients treated with escalated dose of infliximab. ADA, adalimumab.

model which suggested that infliximab interval shortening
may be superior to an equivalent dose-increase through
achieving higher AUC of drug levels in blood.® Moreover,
in contrast with infliximab, the registration trials (and clini-
cal practice) of the other anti-TNF agents, adalimumab and
certolizumab, have generally advocated halving the inter-
vals between injections rather than doubling the dose in
patients losing response to maintenance regimens.'*"?
Although adalimumab and certolizumab are administered
by a subcutaneous route and probably differ from inflixi-
mab in their pharmacokinetics, the discrepancy between
the basic principles of escalation policy in trials of different
anti-TNF agents further underscores the need to explore if
one strategy is superior to its counterpart.

The present study is the first to assess the sustained
response to escalation by double-dosing versus interval-
halving. To the best of our knowledge, it is also the largest
study to date to specifically investigate the outcome of
intervention after LOR to infliximab. Based on the pub-
lished mathematical model of infliximab pharmacoki-
netics,® we hypothesized at the study conception that halv-
ing the interval would prove superior to dose-doubling.
However, the results of the present study showed that
intensification to 10 mg/kg/8w was at least as effective as
the 5 mg/kg/4w strategy. Although a numeric trend toward
higher efficacy of dose-doubling was demonstrated, this
finding should be interpreted cautiously in light of the

study limitations. Nonetheless, if corroborated by prospec-
tive studies, it may intriguingly imply that higher peak lev-
els of TNF blockade (as provided by 10 mg/kg/8w) are
more biologically relevant compared with the continuous
yet lower level TNF blockade provided by interval-halving.
However, additional clinical, pharmacodynamic, and
immunologic data are desirable to support this mechanistic
hypothesis.

The present study shows that overall 73% of patients
have an early response to the infliximab dose-intensifica-
tion and nearly half (47%) sustain their regained response
at the clinically meaningful 12 months’ timepoint. Prior
reports on response to intensification dosing have not
reported on sustained clinical response to escalation but
rather judged the regained response at differing individual
timepoints, even when dose-escalation was permitted as
part of a clinical trial.""'®'" This has made it hard to infer
sustained clinical response to dose escalation, which is
reported in the present study for the first time. It would be
desirable that future studies on LOR will also aim to report
sustained clinical outcomes at this well-defined timepoint
of 12 months postintervention rather than by median fol-
low-up times, thereby facilitating the comparison between
studies and between different management strategies.

The findings of our study are also important given
the significant costs incurred by these escalation protocols.
In fact, based on published U.S. costs of $662/100 mg
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infliximab and $193 per day-care infusion service,'* keep-
ing a 60-kg patient on 10 mg/kg/8w for 12 months would
cost 24,990 US$ compared with 26,148 US$ for the 5 mg/
kg/4w strategy. This amounts to a $1,158 savings in direct
cost per patient per annum by the dose-doubling strategy,
even before considering the additional indirect costs of lost
work days and the greater inconvenience inflicted on the
patients by additional clinic visits in the interval-halving
strategy. Notably, regimens such as 5 mg/kg/6 weeks or
7.5 mg/kg/8 weeks, which were not presently investigated,
would reduce the direct costs of treatment further. How-
ever, evidence of their comparable efficacy and on the opti-
mal choice of patients for the different escalation strategies
is still limited.

Although elevated CRP levels are usually considered
to be associated with more favorable outcome of anti-TNF
induction therapy, in the present study it was normal CRP
that was predictive of response to dose-intensification (Ta-
ble 2). One possible explanation could be that the conten-
tion about elevated CRP correlation with response to anti-
TNF therapy is not solid enough, especially in light of
some large studies which failed to find this association.'
However, it is also possible that normal CRP merely marks
patients whose emerging symptoms were not due to inflam-
matory IBD activity and would have resolved regardless of
any anti-TNF escalation. This possibility serves to under-
score the need to seek evidence for active inflammation in
order to establish genuine LOR to anti-TNFs. An alterna-
tive explanation may be that this counterintuitive finding of
our study indicates that patients with LOR comprise a
unique group that is distinguished from the bulk of patients
referred for initiation of anti-TNF and are therefore also
influenced by a different set of predictive factors of
response. Notably, in light of this counterintuitive finding
of normal CRP association with sustained response, we
also performed a separate analysis restricted to the 85
patients with elevated CRP before escalation. Interestingly,
similar results were observed also within this group with
validated inflammatory LOR: early response to escalation
was achieved in 35/49 compared with 21/36 patients in the
dose-doubling versus interval-halving groups, respectively
(OR 1.8,95% CI 0.74.4, P = 0.2), and sustained response
was observed in 18/49 compared with 12/36, respectively
(OR 1.1, 95% CI 0.5-2.8, P = 0.7). This subanalysis
supports the comparability of the two escalation strategies
in the subgroup of patients with more definite inflammatory
LOR, but future studies are needed to corroborate
these and other predictive factors for success of dose
intensification.

Several limitations of our study need to be acknowl-
edged. Other less costly and commonly practiced alterna-
tives for dose escalation, such as 5 mg/kg/6w or 7.5 mg/
kg/8w, were not investigated in the present study. This lim-
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its our study’s generalizability only to patients who have
received dose-doubling or interval-halving as their first
intervention after LOR. It therefore remains possible that
many patients would equally benefit from a strategy of 5
mg/kg/6w, as previously suggested by a small-scale study.’
Patients were also not blindly assigned to the two intensifi-
cation strategies in this retrospective study. Moreover,
physicians’ decisions may vary over time as other therapies
become available. Therefore, a selection bias in physicians’
choices of patients for each treatment cannot be definitely
excluded, and prospective blinded controlled trials are war-
ranted to stringently define the best escalation strategy. In
addition, the present results can by no means be interpreted
as suggesting that dose-intensification is superior to switch-
ing to another anti-TNF, as this alternative strategy was not
examined by our study. Another limitation stemming from
the retrospective nature of this study is the lack of standar-
dized clinical scoring scales to define patients’ response to
escalation, which in turn may introduce significant hetero-
geneity to the results. However, we believe the patient’s
report and the clinician’s decision regarding continuation
or change in the therapeutic regimen probably reflect the
real-life experience of disease severity assessment and the
ensuing clinical decision-making. Although the participa-
tion of multiple centers could increase the heterogeneity of
the findings, it also lends further support to the wider clini-
cal relevance of the observations, being derived from sev-
eral tertiary centers rather than any single center with a
particular policy. A cautionary comment should also be
made, as this study was not powered to be a noninferiority
study. Thus, despite the comparable outcomes of interval-
halving and dose-doubling, we cannot definitively exclude
a difference, albeit small, in the efficacy of the two
strategies.

Finally, infliximab drug levels and the presence or
absence of ATI was previously shown to correlate with
LOR,">™'7 although conflicting results were reported per-
taining to the response rate of patients who are IFX-
ATI+."®" Immunogenicity was not explored in the present
study. Thus, it is conceptually possible that dose intensifi-
cation tailored by infliximab trough levels and antibody
measurements could improve the response rate observed in
the current study.

In conclusion, dose intensification by interval-halving
or dose-doubling collectively induces sustained response
for 12 months in 47% of CD patients who lost response to
standard-dose infliximab. The interval-halving strategy was
not found to be superior to the dose-doubling regimen.
Given the lower cumulative costs and greater convenience
of dose-doubling, this strategy may be preferred over halv-
ing the infusion intervals when dose intensification of
infliximab is contemplated for patients with LOR. How-
ever, these preliminary findings should be corroborated by



Inflamm Bowel Dis ® Volume I8, Number I, November 2012

Doubling Infliximab Dose for LOR

controlled prospective studies to define the optimal inter-
vention (in terms of efficacy, safety, and immunogenicity)
for CD patients with LOR to infliximab.
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