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Summary

Background Biomarkers of intestinal inflammation, such as faecal calprotectin and C-reactive protein, have been
recommended for monitoring patients with Crohn’s disease, but whether their use in treatment decisions improves
outcomes is unknown. We aimed to compare endoscopic and clinical outcomes in patients with moderate to severe
Crohn’s disease who were managed with a tight control algorithm, using clinical symptoms and biomarkers, versus
patients managed with a clinical management algorithm.

Methods CALM was an open-label, randomised, controlled phase 3 study, done in 22 countries at
74 hospitals and outpatient centres, which evaluated adult patients (aged 18-75 years) with active endoscopic Crohn’s
disease (Crohn’s Disease Endoscopic Index of Severity [CDEIS] >6; sum of CDEIS subscores of >6 in one or more
segments with ulcers), a Crohn’s Disease Activity Index (CDAI) of 150-450 depending on dose of prednisone at
baseline, and no previous use of immunomodulators or biologics. Patients were randomly assigned at a 1:1 ratio to
tight control or clinical management groups, stratified by smoking status (yes or no), weight (<70 kg or =70 kg), and
disease duration (<2 years or >2 years) after 8 weeks of prednisone induction therapy, or earlier if they had active
disease. In both groups, treatment was escalated in a stepwise manner, from no treatment, to adalimumab induction
followed by adalimumab every other week, adalimumab every week, and lastly to both weekly adalimumab and daily
azathioprine. This escalation was based on meeting treatment failure criteria, which differed between groups (tight
control group before and after random assignment: faecal calprotectin =250 pg/g, C-reactive protein =5mg/L,
CDAI =150, or prednisone use in the previous week; clinical management group before random assignment:
CDAI decrease of <70 points compared with baseline or CDAI >200; clinical management group after random
assignment: CDAI decrease of <100 points compared with baseline or CDAI =200, or prednisone use in the previous
week). De-escalation was possible for patients receiving weekly adalimumab and azathioprine or weekly adalimumab
alone if failure criteria were not met. The primary endpoint was mucosal healing (CDEIS <4) with absence of deep
ulcers 48 weeks after randomisation. Primary and safety analyses were done in the intention-to-treat population. This
trial has been completed, and is registered with ClinicalTrials.gov, number NCT01235689.

Findings Between Feb 11, 2011, and Nov 3, 2016, 244 patients (mean disease duration: clinical management group,
0-9 years [SD 1-7]; tight control group, 1-0 year [2-3]) were randomly assigned to monitoring groups (n=122 per group).
29 (24%) patients in the clinical management group and 32 (26%) patients in the tight control group discontinued the
study, mostly because of adverse events. A significantly higher proportion of patients in the tight control group achieved
the primary endpoint at week 48 (56 [46%] of 122 patients) than in the clinical management group (37 [30%)] of 122 patients),
with a Cochran-Mantel-Haenszel test-adjusted risk difference of 16-1% (95% CI 3-9-28-3; p=0-010). 105 (86%) of
122 patients in the tight control group and 100 (82%) of 122 patients in the clinical management group reported treatment-
emergent adverse events; no treatment-related deaths occurred. The most common adverse events were nausea (21 [17%)]
of 122 patients), nasopharyngitis (18 [15%)]), and headache (18 [15%)]) in the tight control group, and worsening Crohn’s
disease (35 [29%)] of 122 patients), arthralgia (19 [16%]), and nasopharyngitis (18 [15%)) in the clinical management group.

Interpretation CALM is the first study to show that timely escalation with an anti-tumour necrosis factor therapy on
the basis of clinical symptoms combined with biomarkers in patients with early Crohn’s disease results in better
clinical and endoscopic outcomes than symptom-driven decisions alone. Future studies should assess the effects of
such a strategy on long-term outcomes such as bowel damage, surgeries, hospital admissions, and disability.

Funding AbbVie.

Introduction

Crohn’s disease is a chronic, progressive, and disabling
condition that causes inflammation of any segment in the
gastrointestinal tract and, eventually, development of

strictures, fistulas, or abscesses that require surgery in
about half of patients within 10 years of diagnosis."?
Conventional management of Crohn’s disease with
corticosteroids, immunomodulators, and tumour necrosis
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Research in context

Evidence before this study

We searched PubMed for articles published up to Aug 11, 2017, in
any language, with the search terms “Crohn’s disease”, “early
combined immunosuppression”, “azathioprine combination”,
and “therapeutic goals”. We identified three publications of
randomised controlled trials using biologics and azathioprine in
the treatment of Crohn'’s disease (Top-Down, SONIC, and REACT)
and one publication of recommendations from an expert panel
that determined treat-to-target goals in Crohn’s disease (STRIDE).
The Top-Down and REACT trials have shown that combined
immunosuppression was effective in inducing clinical remission,
decreasing corticosteroid use, and decreasing the risk of major
adverse outcomes (defined as occurrence of surgery, hospital
admission, or a serious disease-related complication in patients
with Crohn’s disease). The SONIC trial has shown that
combination treatment of anti-tumour necrosis factor inhibitor
and azathioprine was more effective in achieving clinical
remission than azathioprine monotherapy or anti-tumour
necrosis factor inhibitor monotherapy. Recommendations by an
expert panel (STRIDE) defined the therapeutic goal in Crohn’s
disease as clinical and endoscopic remission, but did not have a
practical algorithm to achieve this goal. The panel recommended
use of faecal calprotectin and C-reactive protein, biomarkers of
inflammation, to monitor patients to reach the goal of remission;
however, there is insufficient evidence to recommend treatment
optimisation on the basis of biomarkers alone. Indeed, few
studies have shown the usefulness of faecal calprotectin and
C-reactive protein in monitoring patients with Crohn’s disease.

factor (TNF) inhibitors and other biologics (following this
sequence of treatment) might not adequately control the
underlying inflammation and could delay the initiation of
the most effective treatment.* This approach might
also put patients at risk of infections, morbidity, and
mortality because of the prolonged use of corticosteroids.*®
Additionally, the presence and severity of symptoms are
not necessarily indicative of endoscopic status in patients
with Crohn’s disease and might not be reliable criteria to
guide adjustment of treatment to control persistent
mucosal inflammation.

Treatment goals in Crohn’s disease now aim at more
than just controlling symptoms.” In 2015, the Selecting
Therapeutic Targets in Inflammatory Bowel Disease
(STRIDE) programme, initiated by the International
Organisation for the Study of Inflammatory Bowel
Diseases (IOBD) defined a treat-to-target approach for
Crohn’s disease, with the aim of achieving both clinical
and endoscopic remission.® The expert consensus
from the IOBD also concluded that biomarkers of
inflammation, such as faecal calprotectin (FC) or
C-reactive protein (CRP), might be useful to detect
residual intestinal inflammation and might facilitate
patient monitoring. However, the panel advised that
persistent elevations in these biomarkers should not be

Added value of this study

CALM is a phase 3, multicentre, randomised, open-label,
active-controlled efficacy and safety study in patients with
moderate to severe Crohn'’s disease who were naive to
immunomodulators and biologics. To our knowledge, this is the
first study to show that a tight control algorithm of disease
activity with stringent criteria including C-reactive protein, faecal
calprotectin, Crohn’s Disease Activity Index, and prednisone use
increased the proportion of patients with Crohn’s disease who
reached the mucosal healing target (Crohn’s Disease Endoscopic
Index of Severity score <4) and an absence of deep ulcers at

48 weeks after randomisation compared with clinical
management using Crohn’s Disease Activity Index and
prednisone use only. Tight control of disease activity based on
biomarkers also improved other endoscopic and clinical
outcomes, including steroid-free remission. The safety profile was
similar between treatment groups and consistent with the
known safety profile of adalimumab in Crohn’s disease.

Implications of all the available evidence

This study reinforces the evidence supporting the efficacy of
early biologic therapy and the use of objective markers of
inflammation in making therapeutic decisions in Crohn’s
disease. No new safety signals were identified with treatment
escalation; the safety profile of study treatments was similar to
the known safety of adalimumab monotherapy and
combination therapy and adalimumab dosing schedules

in Crohn’s disease.

used alone to adjust therapy, because of scant evidence
available at the time.

The CALM study was designed to investigate the
effectiveness and safety of two treatment algorithms in
achieving mucosal healing in patients with Crohn’s
disease by escalating treatment on the basis of prespecified
treatment failure criteria: clinical symptoms and Dbio-
markers of inflammation in the tight control algorithm,
or clinical symptoms alone in the clinical management
algorithm.

Methods
Study design
CALM was a multicentre, randomised, open-label, active-
controlled, two-group, phase 3, efficacy and safety trial,
which was done in 22 countries at 74 hospitals and
outpatient centres, to assess two treatment algorithms,
tight control and clinical management, in patients with
moderate to severe Crohn’s disease. The study protocol
was approved by the relevant ethics committees or
institutional review boards and was executed in compliance
with the Declaration of Helsinki, Good Clinical Practice
guidelines, and applicable local regulations.

Protocol deviations (eg, violations of inclusion or
exclusion criteria or incorrect treatment or dose) were
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monitored at study entry and throughout the study. All
protocol deviations were assessed in real time for their
effect on data integrity and patient safety to determine
whether the patient should continue in the study.

Participants

Adult patients were enrolled in the study, age 18-75 years,
with Crohn’s disease at baseline and a diagnosis of ileal,
colonic (including rectal), or ileocolonic Crohn’s disease
(as confirmed by endoscopy not >6 years before baseline).
Key inclusion criteria were: (1) moderate to severe Crohn'’s
disease at baseline, defined as Crohn’s Disease Activity
Index (CDAI)® scores of 220—450 for patients not receiving
prednisone at baseline, 200450 for patients receiving
20 mg prednisone (or less) for 7 days or more before
baseline, and >150—450 for patients receiving more than
20 mg prednisone for 7 days or more before baseline;
(2) active endoscopic disease, defined as a total Crohn’s
Disease Endoscopic Index of Severity (CDEIS) of more
than 6 and a sum of CDEIS subscores of more than 6 in
one or more segments with ulcers; and (3) CRP of 5 mg/L
or more, FC of 250 pg/g or more, or both. Key exclusion
criteria were previous or current use of biologics or
immunomodulators, more than two previous courses of
corticosteroids, or current use of corticosteroids for more
than 3 months before screening. Patients with any fibrotic
stricture (passable or non-passable and regardless of
symptoms), draining perianal fistulas, or non-perianal
fistulas were excluded (see appendix p 2 for a complete list
of inclusion and exclusion criteria). Patients gave written
informed consent.

Randomisation and masking

9 weeks after baseline, patients were randomly assigned
to the tight control or clinical management group in a
1:1 ratio, stratified by smoking status (yes or no), weight
(<70 kg or =70 kg), and disease duration (<2 years or
>2 years). To facilitate recruitment, an amendment on
Sept 29, 2011, allowed patients with active disease (CDAI
>220) to be randomly assigned early (between baseline
and originally scheduled randomisation) if one of the
following conditions were met: (1) the patient was
receiving corticosteroid therapy for 4 weeks of duration,
including 2 weeks of at least 40 mg prednisone or an
equivalent dosage per day (or 29 mg budesonide per day);
(2) intolerance or a medical contraindication to steroid
therapy; or (3) the investigator assessed that it was in the
best interest of the patient. Investigators enrolled the
patients. The patient number and group of each stratum
were assigned by a central randomisation schedule
generated by AbbVie (Chicago, IL, USA) using WebRando
software for randomisation and ClinPhone, an interactive
voice and web response system for patient allocation.
The subject randomisation schedule was generated by a
designated person in the AbbVie statistics department,
who was not involved in the rest of the study. The
investigators and patients were masked to patient
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allocation and post-screening FC and CRP results, but
treatments were open label.

Procedures

All eligible patients received a prednisone burst of up to
40 mg/day starting at baseline (9 weeks before random-
isation). Prednisone was tapered with a schedule that
was set by each investigator at his or her discretion.
1 week before randomisation, patients’ blood and stool
samples, CDAI, and prednisone use were assessed
during a site visit (figure 1). At randomisation, open-label
treatment options were determined on the basis of
whether failure criteria listed in figure 1 had been met.
Patients who were randomly assigned to groups early
and patients who met any of the failure criteria 1 week
before group allocation received 160 mg adalimumab at
week 0 and 80 mg adalimumab at week 2, followed by
40 mg every other week. Patients who did not meet the
treatment failure criteria at randomisation did not receive
adalimumab. All patients could continue prednisone
treatment at the discretion of the investigator (on the
basis of the rapidity and tolerance of the taper).

During the post-randomisation treatment period,
open-label treatment in both groups was escalated in a
stepwise manner at 12, 24, and 36 weeks if patients met
any of the post-randomisation treatment failure criteria,
including laboratory assessments of serum concen-
trations of CRP and stool concentrations of FC at 11, 23,
and 35 weeks (figure 1). The CDAI threshold for the
clinical management group was different from that of
the tight control group because it was meant to mirror
treatment in clinical practice at the time the study was
designed, whereas the more stringent criteria in the tight
control group were meant to guide treatment escalation
decisions using clinical remission, normalised bio-
markers, and discontinuation of corticosteroids. Patients
who did not meet the treatment failure criteria stayed on
their previously assigned treatment option. At 24 and
36 weeks after randomisation, patients receiving 40 mg
adalimumab every week were de-escalated to receive
40 mg adalimumab every other week and patients
receiving 40 mg adalimumab every week and 2-5 mg/kg
per day azathioprine were de-escalated to 40 mg
adalimumab every other week and 2-5 mg/kg per day
azathioprine. Patients who did not complete a prednisone
taper could continue to receive prednisone throughout
the post-randomisation treatment period, but could not
re-initiate once tapered off. Only patients with a CDAI of
300 or more who were initiating treatment with 40 mg
adalimumab every week and 2-5 mg/kg per day
azathioprine could restart prednisone. Final assess-
ment of patients occurred at 48 weeks after random-
isation. CDAI was measured every 12 weeks and at
unscheduled visits.

Patients who needed treatment escalation before the
next site visit and who had a CDAI of more than 300 for
two consecutive visits, as measured 7 days apart (where

See Online for appendix
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Week -1
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1. CDAI decrease of <70 points compared with baseline or

1. CDAI =150

2.CRP 25 mg/L

3. Faecal calprotectin =250 pg/g
4. Prednisone use

Week 11, 23, and 35
(after randomisation) CDAI =200

2. Prednisone use

1. CDAI decrease of <100 points compared with baseline or

1. CDAI =150

2.CRP 5 mg/L

3. Faecal calprotectin =250 pg/g
4. Prednisone use

Figure 1: CALM study design
CDAI=Crohn’s disease activity index. CRP=C-reactive protein.

the first CDAI measurement of >300 was at or after
4 weeks from initiation of the current therapeutic
option), or patients for whom the investigator decided
that it was in their best interests, were moved to a rescue
group and followed the tight control management
algorithm. Rescue therapy was not allowed if patients
were within 6 weeks of the final study visit.

Ileocolonoscopies to assess CDEIS were done at study
sites during screening and at 48 weeks after random-
isation or early termination. Endoscopists were trained to
assess endoscopies in a standardised manner.

A central laboratory (Genova Diagnostics, Ashville, NC,
USA) measured FC using an established assay and CRP
using a particle-enhanced immunoturbidimetric assay
and a turbidimetric/immunoturbidimetric assay. FC con-
centration has been shown to have a sensitivity of 87%
and specificity of 67% for endoscopically active Crohn’s
disease, whereas CRP concentration has shown a
sensitivity of 49% and specificity of 92% for inflammatory
bowel disease.”

Outcomes

The primary endpoint of the study was the proportion of
patients with mucosal healing, defined as a CDEIS of
less than 4 and no deep ulcers 48 weeks after
randomisation. Because the study had several secondary
endpoints (unranked), we report only those most relevant
to the primary endpoint in this report. These include the
following assessments 48 weeks after randomisation:

(1) deep remission (CDAI <150, CDEIS <4 and no deep
ulcers, absence of draining fistula, discontinuation of
corticosteroids for =8 weeks); (2) biological remission
(FC <250 pg/g, CRP <5 mg/L, and CDEIS <4); (3) CDEIS
of less than 4; (4) overall CDEIS of less than 4 plus CDEIS
of less than 4 in every segment; (5) complete endoscopic
remission (CDEIS=0); and (6) endoscopic response
(CDEIS decrease of >5 points). Steroid-free remission
(CDAI <150 and discontinuation of steroid use for
=8 weeks), clinical remission (CDAI <150), mean change
from baseline in CDAI, and mean change from baseline
in CRP were assessed over time. Additional secondary
endpoints are listed in the appendix and will be reported
in subsequent articles.

Adverse events were monitored in all patients who
were randomly assigned, from the time of administration
up to 70 days after discontinuation of study drugs, except
in patients who continued to receive adalimumab after
the end of the study. New adverse events in these patients
were reported through the post-marketing reporting
mechanism. Serious adverse events were collected from
the time at which patients signed the informed consent.
Tuberculosis was tested for with a purified protein
derivative skin test or an interferon-y release assay and
confirmed using chest x-ray during screening for all
patients, and then annually for patients who completed
the study. Adverse events were tabulated by system
organ class and preferred term using the MedDRA
dictionary, version 19.0.
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Statistical analysis

Sample size was calculated using nQuery Advisor 6-0. To
achieve 90% power, assuming mucosal healing and no
deep ulceration rates of 44-0%" in the tight control group
and 23-5% in the clinical management group” until the
end of the 48 week post-randomisation treatment period,
120 participants per group were needed using Fisher’s
exact test (two-sided) at a 0-05 o level. Patients who
were in screening or who had been enrolled into the
prednisone burst and taper portion of the study when the
minimum sample size was met were able to enrol in
the study.

Efficacy endpoints and safety were analysed in the
modified intention-to-treat population, defined as enrolled
and randomly assigned patients. Missing values after
randomisation for primary and secondary endpoints and
for remission over time were imputed using non-
responder imputation; data for patients who discontinued
the study or who moved to the rescue group were also
subject to non-responder imputation. Changes from
baseline in CDAI and CRP concentration were imputed
using the last observation carried forward method.

Primary endpoint and categorical secondary endpoints
were compared in the tight control and clinical manage-
ment groups using the Cochran-Mantel-Haenszel
(CMH) test, stratified by smoking status (yes or no) and
weight (<70 kg or =70 kg) at screening. The CMH-based
two-sided 95% Cls for the difference in proportions
between groups were calculated. The secondary end-
points for the difference in change from baseline
between groups were analysed using an ANCOVA model
including factors of treatment, screening smoking status
(yes or no), weight (<70 kg or =70 kg), and baseline scores
as covariates. Although disease duration (<2 years or
>2 years) was a randomisation stratum, it was not used
in CMH or ANCOVA analyses to avoid zero cell issue
because most patients had a disease duration of 2 years
or less. The secondary endpoints were tested at a nominal
significance level of 0-05 with no adjustment of
multiplicity. Safety analyses were summarised by study
group and presented as number and proportion of
patients and rate (number of events per 100 patient-
years). All analyses were performed with SAS soft-
ware version 9.4 (SAS Institute Inc, Cary, NC USA).
This trial is registered with ClinicalTrials.gov, number
NCT01235689.

Role of the funding source

AbbVie funded the study, contributed to the study design,
participated in the collection, analysis, and interpretation
of the data, and in preparation and approval of this
report. All authors had access to all study data, reviewed
and approved the final report, and take full responsibility
for the accuracy of the data and statistical analysis. The
corresponding author had full access to all study data and
had final responsibility for the decision to submit
for publication.
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Results

Between Feb 11, 2011 and Nov 3, 2016, 460 patients were
screened, 205 were excluded, 11 were enrolled but not
randomly assigned, and 244 were randomly allocated to
the tight control (n=122) or clinical management (n=122)
groups (figure 2). The most common reason for screening
failure was not meeting inclusion criteria or meeting
exclusion criteria. Among patients who failed screening,
65 (32%) did not meet increased FC or CRP criteria.
Three (2%) of 122 patients in the tight control group and
24 (20%) of 122 patients in the clinical management
group moved to rescue therapy. 86 (35%) of 244 patients
had notable protocol deviations, including violations of
inclusion or exclusion criteria, receiving the incorrect
treatment or dose, or receiving excluded concomitant
treatment. No patients met withdrawal criteria, which
included abnormal lab results or adverse events; the
investigator believing that it was in the best interests of
the patient to withdraw; the patient requesting withdrawal;
violating the inclusion or exclusion criteria; use of pro-
hibited medications; pregnancy; development of
dysplasia, malignancy, lupus-like syndrome, multiple
sclerosis, or demyelinating disease; or non-compliance by
the patient to study procedures, without being withdrawn.

460 screened

205 screening failures
187 inclusion or exclusion criteria
8 withdrew consent
10 other reasons

255 enrolled

11 enrolled but not randomised
1 lost to follow-up

> 3 withdrew consent

2 adverse event

5 other reasons

| 244 randomised |

v v

| 122 allocated to clinical management group |

| 122 allocated to tight control group

>

v

93 completed the study
29 discontinued the study
12 adverse event
3withdrew consent
12lack of efficacy
1lost to follow-up
lother

>

90 completed the study

32 discontinued the study
16 adverse event
4withdrew consent
Slack of efficacy
2lost to follow-up
Sother

v

122 included in the intention-to-treat analysis |<

| 122 included in the intention-to-treat analysis [4--*

Figure 2: Trial profile
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Clinical Tight control
management (n=122)
(n=122)
Sex
Female 69 (57%) 72 (59%)
Male 53 (43%) 50 (41%)
Race
White 113 (93%) 113 (93%)
Other 9 (7%) 9 (7%)

Mean age (SD; years) 31-1(11-4) 32:1(12:0)

Mean weight (SD; kg) 66-3 (12-3) 66-3 (13-7)

Disease duration (years)

Mean (SD) 0-9(17) 1.0 (2:3)
Median (min-max) 0-2 (0:0-12-7) 0-2 (0-0-13-2)

Mean CDAI (SD) 2677 (58-4) 273-3(59°5)

Mean CDEIS (SD) 143 (6-9) 13-4 (6:0)

Disease location*®

lleum 14 (12%) 21 (17%)

Colon 37 (30%) 34 (28%)

lleum-colon 65 (53%) 64 (53%)

Other 6 (5%) 3(2%)
Surgeries 8 (7%) 12 (10%)
Stool faecal calprotectin

<250 pg/g 17 (14%) 24 (20%)

=250 pg/g 105 (86%) 96 (80%)
Serum C-reactive protein

<5mg/L 19 (16%) 27 (22%)

=5 mg/L 103 (84%) 95 (78%)

Mean concentration (SD; 27-0 (30-6) 26-4(32-3)

mg/L)

Median concentration (mg/L;  16-1(0-4-172:6) 136 (0-2-157-1)

min-max)

Smoker 33 (27%) 31(25%)
Data are n (%) unless otherwise stated. CDAI=Crohn’s Disease Activity Index.
CDEIS=Crohn’s Disease Endoscopic Index of Severity. *lleal disease location is
proximal to ileocaecal valve to the jejunum, and colon disease location is distal to
the ileocaecal valve to the anal verge.

Table 1: Patients’ baseline characteristics

The appendix details the types of deviations and
numbers of affected patients per group. None of the
deviations was considered to have affected the study
outcome or interpretation of the study results. 93 (76%) of
122 patients in the clinical management group and
90 (74%) of 122 patients in the tight control group
completed the study. Primary reasons for discontinuation
in both groups were similar.

Patient characteristics in both groups were similar at
baseline (table 1). Mean disease duration was similar in
both groups. 98 (80%) patients in the tight control group
and 97 (80%) patients in the clinical management group
were exposed to prednisone at or after screening. Mean
exposure of prednisone during the entire study,
excluding the use before randomisation, was 1369-9
(1137-7) mg per patient in the tight control group and
1505-7 (1029-8) mg per patient in the clinical

management group. 69 (57%) patients in the tight
control group and 63 (52%) patients in the clinical
management group were randomly assigned early. The
appendix shows the timing of randomisation.

The study’s primary endpoint of mucosal healing
(CDEIS <4) and no deep ulcers at 48 weeks after
randomisation was met in 56 (46%) patients in the tight
control group compared with 37 (30%) patients in the
clinical management group, with a CMH-adjusted risk
difference of 16-1% (95% CI 3-9 to 28-3; p=0-010;
figure 3A). A higher proportion of patients in the tight
control group achieved the following key secondary
endpoints 48 weeks after randomisation than in the
clinical management group: deep remission, with a
CMH-adjusted risk difference of 14-5% (2-9 to 26-0;
p=0-014); biological remission, with a CMH-adjusted
risk difference of 14-5% (4-1 to 25-0; p=0-006); and an
overall CDEIS of less than 4, with a CMH-adjusted risk
difference 0f 16-1% (3-9 to 28- 3; p=0-010; figure 3B). No
significant differences were observed between the
groups regarding the proportion of patients with an
overall CDEIS of less than 4 plus a CDEIS of less than 4
in every segment (CMH-adjusted risk difference of
5-9% [95% CI -5-2 to 17-0]; p=0-299), complete
endoscopic remission (1-7% [-7-9 to 11-3]; p=0-728), or
endoscopic response (11-5% [-0-8 to 23-9]; p=0-067;
figure 3B). A significantly higher proportion of patients
achieved steroid-free remission in the tight control
group than the clinical management group (figure 3C)
and clinical remission (CDAI <150; appendix) at 11, 23,
35, and 48 weeks after randomisation. A significantly
greater mean change from baseline in CDAI was
observed in the tight control group than in the clinical
management group at 11, 35, and 48 weeks (appendix).
The mean change from baseline in CRP concentration
was not significantly different between tight control and
clinical management (appendix).

The number of patients receiving each treatment option
at randomisation and 12, 24, and 36 weeks after
randomisation who completed the study and did not
move to the rescue group (n=88 in the tight control group
and n=78 in the clinical management group) is shown in
figure 4. At randomisation, more patients in the tight
control group received adalimumab every other week
than in the clinical management group. Over time,
more patients in the tight control group advanced in
the treatment algorithm earlier than in the clinical
management group. For example, more patients in the
tight control group escalated to adalimumab every week
at 12 weeks and to adalimumab every week plus
azathioprine at 24 weeks than in the clinical management
group. Additionally, more patients de-escalated from the
weekly dosing to every other week at 24 weeks and from
adalimumab every week plus azathioprine to adalimumab
every other week plus azathioprine at 36 weeks in the
tight control group than in the clinical management
group (figure 4). Overall, more treatment adjustments

www.thelancet.com Vol 390 December 23/30,2017



Articles

occurred in the tight control group than in the clinical
management group.

In the tight control group, 50 patients met treatment
failure criteria at 11 weeks, 39 patients at 23 weeks, and
20 patients at 35 weeks after randomisation (appendix).
Post-hoc exploratory analyses showed that the decision to
escalate included increased FC concentration for 31 (62%)
of 50 patients (at 11 weeks after randomisation) and
22 (56%) of 39 patients (at 23 weeks after randomisation)
and increased CRP concentration for 23 (46%) of
50 patients (11 weeks post-randomisation) and 18 (46%) of
39 patients (23 weeks post-randomisation). At week 35,
FC and CRP concentrations contributed equally to the
decision to escalate in nine (45%) of 20 patients. Fewer
patients were escalated on the basis of CDAI and use
of prednisone at weeks 11, 23, and 35. In the clinical
management group, 24 patients met failure criteria at
11 weeks, nine patients at 23 weeks, and seven patients
at 35 weeks (appendix). Prednisone use was the main
driver of the decision to escalate at 11 and 23 weeks. At
35 weeks, in all patients in the clinical management
group who were escalated, this decision was made on the
basis of increased CDAL.

Overall, 105 (86%) of 122 patients in the tight control
group and 100 (82%) of 122 patients in the clinical
management group reported treatment-emergent
adverse events (table 2). The rate of adverse events in
both groups was similar, and a similar proportion of
patients reported treatment-emergent serious adverse
events. The rate of serious adverse events was lower in
the tight control group than in the clinical management
group. The proportion of patients reporting serious
infections in the tight control group (six [5%)] of 122) and
in the clinical management group (12 [10%] of 122) were
not substantially different. Among patients with serious
infection, two (2%) in the tight control group and
seven (6%) in the clinical management group reported
abdominal or anal abscesses. Prevalence and rate of
other adverse events from patients in the tight control
and clinical management groups were similar. No new
safety signals were found in either group.

Discussion

The CALM study shows that a treatment algorithm
based on concentrations of FC and CRP to monitor
inflammatory activity and clinical symptoms (tight
control) led to superior outcomes compared with the
algorithm based on clinical management alone in patients
with early Crohn’s disease. The tight control algorithm
led to rapid optimisation of therapy and, therefore, to a
higher proportion of patients achieving mucosal healing
(CDEIS <4) and no deep ulcers on endoscopy, deep
remission (CDAI <150 and CDEIS <4 and no deep ulcers,
no draining fistula, and no prednisone use for 8 weeks or
more), biological remission (FC <250 ug/g, CRP <5 mg/L,
and CDEIS <4), and steroid-free remission (CDAI <150
with no prednisone for 8 weeks).
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Figure 3: Proportion of patients achieving study endpoints at 48 weeks after randomisation
(A) Proportion of patients with mucosal healing (CDEIS <4) and no deep ulcers at 48 weeks after randomisation
(also expressed within the bars as number of patients/total patients in each group). (B) Secondary endoscopic

endpoints at 48 weeks after randomisation (also expressed within the bars as number of patients).

(C) Steroid-free remission (Crohn’s Disease Activity Index <150 and no corticosteroids for =8 weeks) during the
post-randomisation period (also expressed within the bar as number of patients). CDEIS=Crohn’s Disease

Endoscopic Index of Severity.

Early use of anti-TNF therapy has been advocated
because it gives a greater chance of achieving clinical
remission, mucosal healing, and preserving bowel
integrity than late use.” In a subgroup analysis of patients
with moderately to severely active Crohn’s disease who
were given adalimumab, patients with disease duration
of less than 2 years were more likely to achieve remission
than patients with longer disease duration during 3 years
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Figure 4: Proportion of patients receiving each treatment option at and after randomisation
Data are expressed as % (n). Data are from patients who completed the study and did not move to the rescue
group. CM=clinical management group. TC=tight control group.

Clinical management (n=122)  Tight control (n=122)

Patients (%) Events
(events/100
patient-years)*

Patients (%) Events
(events/100
person-years)t

Adverse events 100 (82%) 634 (694-4) 105 (86%) 636 (643-1)
Serious adverse events 25 (21%) 45 (49-3) 22 (18%) 32(32:4)
Adverse events leading to adalimumab 16 (13%) 25 (27-4) 17 (14%) 18 (18-2)
discontinuation

Infection 57(47%) 110 (120-5) 61(50%) 116 (117-3)
Serious infection 12 (10%) 15(16-4) 6 (5%) 7 (71)
Opportunistic infection excluding oral 0 0 0 0
candidiasis and tuberculosis

Active tuberculosis 0 0 1(1%)F 1(1-0)
Latent tuberculosis 2 (2%) 2(22) 1(1%) 1(1-0)
Malignancy 0 0 1(1%) 1(1-0)
Deaths 0 0 0 0

*91.3 person-years of data were obtained in the clinical management group. t98:9 person-years of data were obtained
in the tight control group. $Pulmonary tuberculosis.

Table 2: Treatment-emergent adverse events

of continued treatment.” Higher proportions of patients
in combined clinical and endoscopic remission (so-called
deep remission) were observed among patients with less
than 2 years of Crohn’s disease in another study than in
patients with more than 2 years of Crohn’s disease.” Our
study results reinforce previous findings that patients
with recent onset of disease (mean disease duration
0-9-1-0 years) benefit from early biological treatment:

2786

higher overall proportions of patients had mucosal
healing and steroid-free remission in the clinically
managed group than observed in previous studies of
adalimumab used in a traditional step-up manner in
patients with a longer average disease duration.” Even
in these patients with recent onset, in whom good
endoscopic and clinical outcomes are anticipated, the
tight control approach led to even greater clinical benefits
than clinical management without an increased risk.

Delaying administration of effective therapy for Crohn’s
disease can put patients at an increased risk of developing
complications. A concept of early immunosuppression
addressing this concern by administering biologics
combined with immunomodulators after corticosteroid
induction has shown superior outcomes compared with a
conventional step-up therapy in both referral centres and
community-based practices.*™ In our study, we used
a novel approach to optimise adalimumab dosing
before adding azathioprine, on the basis of individual
response, to minimise exposure to azathioprine and
improve outcomes.

The REACT study* showed a decrease in the risk of
major adverse outcomes, including surgeries and
hospital admissions, after treatment with early combined
immunosuppression based on a rapid step-up algorithm
of adalimumab combined with an antimetabolite as a
first-line treatment in patients with established Crohn’s
disease after failure of corticosteroids, when compared
with conventional management. We need to determine
whether early individualised optimisation of therapy
based on biomarkers and symptoms, such as in the
CALM study, will also lead to fewer irreversible disease-
related structural complications than with therapy
individualisation based on symptoms alone.

The STRIDE consensus recommended a treat-to-target
goal in Crohn’s disease to be endoscopic remission
(resolution of ulceration, as observed by ileocolonoscopy)
and clinical remission (resolution of abdominal pain and
diarrhoea or altered bowel habits).* Endoscopic remission
and deep remission, defined as the absence of mucosal
ulceration and CDAI of less than 150, have shown to be
consistently associated with better long-term outcomes.”
However, the ability to undertake repeated endoscopic
assessment and the patient acceptance of this procedure
are probably prohibitive. Studies have shown that
inflammatory biomarkers, such as CRP and FC, might be
useful adjuncts to identify patients at risk for negative
outcomes. In a study” of 43 patients with Crohn’s disease,
increased concentrations of FC predicted relapse of
disease activity. A systematic analysis” of six studies of
inflammatory bowel disease, including Crohn’s disease,
has shown that increased concentrations of FC on at least
two consecutive measurements were associated with a
higher risk of relapse within 2-3 months in asymptomatic
patients, and that normal FC values were associated with
a lower risk of relapse. In another study” of 87 patients
with Crohn’s disease, FC concentrations of greater than
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250 pg/g were associated with the presence of large ulcers
and FC concentrations of 250 ug/g or less predicted
endoscopic remission. An increase in CRP concentration
is associated with clinical disease activity, endoscopic
inflammation, and severely active histological inflam-
mation in patients with Crohn’s disease.”’ However, the
usefulness of CRP, a non-specific marker of intestinal
inflammation, in monitoring patients with Crohn’s
disease remains unclear. Although CRP has been shown
to be a predictive factor of Crohn’s disease relapse in
patients with increased CRP concentrations at diagnosis,*
some patients with low CRP concentrations still have
active disease” and an increased CRP concentration is
not always due to active disease.” Our study showed that
patients in the tight control group had better outcomes
due to a quicker treatment escalation when guided by
increased concentrations of FC or CRP, or both, and by
clinical symptoms, than those whose treatment decisions
were based on clinical symptoms alone. These findings
emphasise the role biomarkers can serve in identifying
underlying inflammation in Crohn’s disease and the need
for monitoring patients with objective criteria.

Despite more intensive immunosuppression as a
result of faster treatment escalation to weekly adali-
mumab (with or without azathioprine) in the tight
control group than in the clinical management group,
the proportions of patients who had an adverse event at
48 weeks of treatment were similar in both groups, as
were the rate of adverse events. The proportions of
patients with (and the rate of) serious adverse events and
serious infections were lower in the tight control group
than in the clinical management group. Adalimumab
every week has previously been shown to be well tolerated
and has a safety profile similar to the every other week
dosing at 56 weeks."” Similar proportions of adverse
events have been observed in patients given adalimumab
monotherapy or combination therapy in short-term
studies,” but combined use was associated with a greater
risk of malignancy in an analysis that included longer
follow-up.* The lower exposure-adjusted rate of serious
adverse events in the tight control group than in the
clinical management group could be related to superior
control of Crohn’s disease activity. This suggestion is
supported by a lower number of patients with serious
infections because of abscesses in the tight control group
than in the clinical management group. A 2016 analysis®
of patients with Crohn’s disease who were given
adalimumab found that higher disease activity was
associated with significantly increased risks of both
serious and opportunistic infections. The frequency and
rate of adverse events and serious adverse events in the
CALM study were consistent with the adalimumab safety
profile from global clinical trials in patients with Crohn’s
disease and across approved indications;”* no new safety
signals were identified.

Our study has several limitations. First, endoscopies
were assessed by site readers, which could have created
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an inclusion bias and scoring heterogeneity. However,
interobserver agreement in measuring CDEIS has been
shown to be good.”* Additionally, agreement between
CDEIS determined by trained site and central readers
has been shown to be excellent, suggesting that site
readings by trained endoscopists could be used in clinical
trials.” In our study, investigators were instructed to
assess all endoscopies in a standardised way, and the
same endoscopist was to assess all endoscopies from an
individual patient. Another limitation of CALM was its
open-label design, which could have biased clinical and
endoscopic assessments, and short duration of follow-up
(48 weeks), which did not allow assessment of whether
the superior efficacy findings with tight control would
lead to better long-term outcomes or whether the safety
profile would change with longer use. The CALM entry
criteria specified a maximum disease duration of 6 years
and no exposure to anti-TNF agents and immuno-
modulators to identify patients with a lower likelihood of
accumulated bowel damage who would be more
responsive to the study treatments. Whether the findings
of CALM could be expected in a population of patients
with longer disease duration or more treatment ex-
perience is unknown. Lastly, the prednisone taper
schedule and continuation of prednisone treatment was
at the investigator’s discretion. Because the duration of
taper could affect the treatment option at randomisation
differentially between treatment groups (because the use
of prednisone only defined treatment failure at random-
isation in the tight control group), earlier introduction of
adalimumab could have affected the outcomes observed
48 weeks after randomisation.

The CALM study has shown for the first time, to our
knowledge, that tight control of inflammation in patients
with Crohn’s disease, with objective markers of disease
activity and clinical symptoms to drive treatment
decisions, achieved better endoscopic and clinical out-
comes than conventional care based on symptoms alone.
Early treatment escalation to adalimumab was well
tolerated and proactive biomarker monitoring reduced
the use of corticosteroids.
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