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ED IT OR IA L

JGH Open: The dawn of a new era in publishing!
KL Goh
Editor-in-Chief, JGH Open

Welcome to the Journal of Gastroenterology and Hepatology
(JGH) Open. It is with the greatest pride that I write this Editorial
in the inaugural issue of JGH Open.
Publication and sharing of scientiﬁc knowledge and ﬁndings is an age-old tradition which has been for so many years
based on print “journals”. The advent and widespread use of the
internet has brought about a dramatic change in publishing as it
has in so many aspects of our daily life. The concept of “open
access” journals came about following a meeting in Budapest in
December 2001 amongst the members of the Open Society Initiative. Following that inaugural meeting, this group issued a
statement—the Budapest Open Access Initiative—“An old tradition and a new technology have converged to make possible an
unprecedented public good. The old tradition is the willingness
of scientists and scholars to publish the fruits of their research in
scholarly journals without payment, for the sake of inquiry and
knowledge. The new technology is the internet. The public good
they make possible is the worldwide electronic distribution of the
peer-reviewed journal literature and completely free and unrestricted access to it by all scientists, scholars, teachers, students,
and other curious minds.1”
The idea of starting an “Open” journal in tandem with the
JGH came about two years ago and after discussions between
Mark Robertson, Vice President of Wiley Asia Paciﬁc and President of Wiley Japan, and Julia Ballard of Wiley and I as Chairman of JGH Foundation at that time. As publishing has changed
dramatically over the past decade or so, it was felt that the JGH
as the ﬂagship journal in the Asian Paciﬁc area should venture
into open publishing with its obvious beneﬁts of fast review and
publications while maintaining the high standards of close scrutiny and rigorous peer review. We thought of several names but
JGH Open soon became the obvious choice with due recognition
of our parent publication—the JGH.
The JGH Open is jointly owned by the Journal of Gastroenterology and Hepatology Foundation (JGHF) and Wiley. The
contribution of the JGHF will be immense—JGH Foundation
will sponsor the article processing charges (APCs) of the ﬁrst

20 accepted articles for a start. It is my fervent hope that JGHF
will consider further sponsorship of APCs until we are ﬁrmly on
our feet. Articles from resource-poor countries as stated in the
journal information will automatically be exempted from APCs.
The JGH Open covers all aspects of gastroenterology
hepatology, gastrointestinal endoscopy, and gastrointestinal surgery. The journal accepts original articles, reviews, commentaries, and case reports. The JGH Open strives to provide readers
with high quality articles and authors of a fast review and publication of their articles which may otherwise be bogged down by
a lengthy review and publication process. We aim to provide a
refreshing and appealing option to all authors and will additionally consider high quality cascaded articles from JGH which
could not be accepted because of space constraints in a print
journal. Special attention is given to results and clinical studies
focusing on national or regional aspects and problems from all
over the world but particularly from the Asian Paciﬁc region
which may not meet the overall international interests or standards of other international journals in the ﬁeld.
I have assembled a team of co-editors and together we will
work as a team in sourcing articles particularly from young
researchers, investigators, and clinicians in the Asia Paciﬁc
region. We will work hard and steadfastly with Wiley to achieve
citation by PubMed and, we hope within two years, citation by
the Web of Science with an ISI Impact factor.
The editorial team at Wiley consists of an experienced
team headed by Julia Ballard who will be the Head of Publishing
and assisted by Emily Borromeo, Editorial Assistant, and Farhana Yusoff, Production Editor.
This journal is for all of you and we hope you will support
it wholeheartedly by contributing articles.

Reference
1 Cited
10
Aug
2017.
Available
budapestopenaccessinitiative.org

from

URL:

www.

JGH Open: An open access journal of gastroenterology and hepatology 1 (2017) 3

3

© 2017 The Authors. JGH Open: An open access journal of gastroenterology and hepatology published by Journal of Gastroenterology and Hepatology Foundation and
John Wiley & Sons Australia, Ltd.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modiﬁcations or adaptations are made.

doi:10.1002/jgh3.12000

OR IGINA L AR TI CLE

Positive relationship between inﬂiximab and adalimumab
trough levels at completion of induction therapy with clinical
response rates, at a tertiary referral center
Donal Tighe,

Sinead Smith, Anthony O’Connor, Niall Breslin, Barbara Ryan and Deirdre McNamara

Department of Gastroenterology, Tallaght Hospital and School of Medicine, Trinity College Dublin, Dublin, Ireland

Key words
adalimumab, antibody, anti-tumor necrosis factor
alpha, Crohn’s disease, inﬂammatory bowel
disease, inﬂiximab, trough, ulcerative colitis.
Accepted for publication 26 July 2017.
Correspondence
Dr Donal Tighe, Department of Gastroenterology,
Tallaght Hospital and School of Medicine, Trinity
College Dublin, Trinity Health Centre, Tallaght
Dublin 24, Ireland.
Email: donaltighe83@gmail.com
Declaration of conﬂict of interest: None of the
authors for this article have any relevant conﬂict of
interests.
Funding information: This research project was
funded by an educational grant provided by the
European Crohn’s and Colitis Organization.

Abstract
Background and Aim: Anti-tumor necrosis factor alpha (TNFα) therapies have
improved outcomes for patients with inﬂammatory bowel disease. The aim of this
study was to explore the relationship between inﬂiximab (IFX) and adalimumab
(ADL) trough and antibody levels with clinical response rates at the end of induction.
Methods: This was a prospective, single-center study. Patients were recruited from
July 2015 to August 2016. Inclusion criteria were all inﬂammatory bowel disease
patients older than 17 years who started treatment with IFX or ADL. Baseline clinical
disease activity indexes were performed. Clinical response was deﬁned as HBI ≤3 or
partial Mayo score ≤4% or <30% reduction from baseline. Anti-TNFα trough and
antibody levels were measured using standard ELISA techniques.
Results: Thirty-ﬁve patients were recruited, of whom 23 had Crohn’s disease and
12 had ulcerative colitis. Eighteen were treated with ADL and 17 with IFX. The mean
age of the cohort was 40.3 years, 62.9% were females, 34.3% were on concomitant
thiopurines, and 25.7% had prior anti-TNFα exposure. Overall response rate was
51.4%, 33.3% for ADL and 70.6% for IFX.
Mean trough levels were 12.5 μg/mL for IFX and 4.4 μg/mL for ADL. There was a
clear link between higher anti-TNFα trough levels at the end of induction with clinical
response rates. For IFX, mean trough level was 16.4 μg/mL for responders versus
5.3 μg/mL for non-responders (P = 0.026). Area under the curve for association of
IFX level at induction with clinical response was 0.864 (P = 0.0001). Similar link
was present between higher ADL levels with clinical response, although not statistically signiﬁcant.
Conclusion: Higher trough levels at the end of induction are associated with
improved response. Ongoing work will deﬁne optimal targets at this key timeframe.

Introduction
Anti-tumor necrosis factor alpha (TNFα) therapies have signiﬁcantly improved outcomes for patients with inﬂammatory bowel
disease (IBD). They have long-standing proven efﬁcacy in inducing and maintaining remission in IBD.1,2 However, for some
patients response can be suboptimal, and primary loss of response
(LOR) at the end of induction phase of anti-TNFα therapy can
have signiﬁcant implications for patients. At present, no consensus
has been reached with regard to a deﬁnition of primary nonresponse to anti-TNFα therapy in IBD. It may be recognized as a
failure to reach previously described decreases in clinical scores
such as partial Mayo, HBI, or Crohn's Disease Activity Index
(CDAI) following completion of induction therapy.3
A number of different factors have been identiﬁed in contributing to primary LOR. These include disease characteristics
such as phenotype, location, and severity. For example, there is
4

evidence that ﬁbrostenotic ileal Crohn’s disease (CD) is likely to
not respond to anti-TNFα therapy and may be better managed
surgically.4 Anti-TNFα itself may be involved through the
impact of anti-TNFα drug pharmacokinetics, pharmacodynamics,
and immunogenicity. There is evidence that immunogenicity,
that is the formation of antibodies against anti-TNFα, can lead to
primary LOR in a number of cases. Antibody formation against
anti-TNFα can lead to reduced trough levels of anti-TNFα, which
can lead to increased disease activity.5 In addition, there is evidence particularly for acute severe ulcerative colitis (UC) that the
inﬂamed, ulcerated gut can act as a sink for anti-TNFα, with
greater loss of anti-TNFα in stool and subsequent suboptimal
response.6,7
Therapeutic drug monitoring (TDM) involves the measurement of an individual’s anti-TNFα trough and antibody
levels.8,9 This can facilitate exploring an immune basis behind an
individual’s primary LOR. It also offers the opportunity of
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adjusting a patient’s anti-TNFα dose at the end of induction therapy to help overcome primary LOR. This approach alongside the
use of clinical endoscopic assessment as well as biomarkers, such
as CRP and fecal calprotectin, can help improve response rates
and outcomes for patients. The use of TDM has also been shown
to be a more cost-effective strategy.10
Therapeutic anti-TNFα levels may also help to predict sustained response for IBD patients. A Czech study has shown that
an inﬂiximab (IFX) trough level of >3 μg/mL at the start of
maintenance therapy was associated with sustained clinical
response over a 2-year follow-up period.11 Similarly for adalimumab (ADL), Karmiris et al. have established in a study of CD
patients on ADL that there is a deﬁned trough level which they
have shown to have a relationship with mucosal healing and
therefore may be used to predict clinical response.12
TDM may help to overcome LOR in a number of ways.
For example, individuals found to have low trough levels can
have doses increased to increase the possibility of clinical
response, or in patients with antibody formation and low trough
levels, immunomodulators, like azathioprine, may be added to
reduce antibody formation and improve trough levels. A recent
study has shown that addition of azathioprine can help patients
treated with ADL overcome LOR, by reducing antibody formation and improving drug trough levels.13
The aims of this study were therefore to explore the relationship between IFX and ADL trough and antibody levels with
clinical and biochemical response rates at the end of induction
therapy and 1-year follow up; to identify if TDM may be a useful predictor of primary non-response for both IFX and ADL;
and ﬁnally to establish if dose-intensifying anti-TNFα based on
clinical, endoscopic, and biochemical evaluations, and the use of
TDM may help to regain clinical response at 1-year follow up.

Methods
Study was approved at the Tallaght Hospital/St James’s Hospital
Joint Research Ethics Committee in July 2015, and informed
consent was obtained from patients. This was a prospective,
single-center study performed at Tallaght Hospital, Dublin.
Patients were recruited from the gastroenterology department at
our center from July 2015 to August 2016. Inclusion criteria
were all IBD patients older than 17 years who had started treatment with either IFX or ADL during the study period. Baseline
clinical disease activity indexes were performed (Harvey–
Bradshaw index for CD and partial Mayo scores for UC). Clinical
response was deﬁned as a HBI of ≤3 or a partial Mayo score ≤4
or a reduction in clinical score of >30% from baseline.
CRP and serum albumin levels were recorded prior to
their ﬁrst maintenance infusion or subcutaneous injection. Standard induction regimes were used for IFX (5 mg/kg at weeks 0, 2,
and 6) and ADL (160, 80, and 40 mg every other week). Patients
were reviewed at the end of induction therapy. A decision was
made to either continue with patient’s anti-TNFα therapy, consider dose escalation, or switch to alternative agents where appropriate. Overall clinical response was reviewed at the end of
1 year of anti-TNFα therapy. Clinical activity and biochemical
markers were recalculated. Where possible, repeat endoscopy
was performed.

Induction trough levels and clinical response

Anti-TNFα trough and antibodies were measured at the end
of induction therapy between weeks 10 and 12 as follows: Drug
levels were assayed using a protocol adapted from Ungar et al.14
Brieﬂy, ELISA plates (Thermo Scientiﬁc NUNC, Basingstoke,
UK) were coated with 500 ng/mL recombinant human TNFα
(Peprotech, London, UK) overnight at room temperature. Following blocking and washing steps, 100 μL of serum (diluted 1:100)
was added to each well of the ELISA plates for 90 min. After
washing, horse radish peroxidase (HRP)-conjugated goat antihuman IgG Fc fragment antibody (MP Biomedicals, Illkirch Cedex,
France) was added at a concentration of 0.62 μg/mL for 60 min
and subsequently reacted with tetramethylbenzidine substrate
(Thermo Scientiﬁc NUNC). Following addition of the stop solution
(2 N H2SO4), absorbance was read at 450 nm on an EL-800 plate
reader (Biotek, Bad Friedrichshall, Germany). The drug concentration cut-off level was calculated using the average concentration
obtained from unexposed controls plus 3 standard deviations.15
Anti-drug antibody levels were assayed using a protocol
adapted from Ungar et al.14 ELISA plates (Thermo Scientiﬁc
NUNC) were coated overnight with 500 ng/mL TNFα
(Peprotech) as outlined above. Following blocking and washing,
100 μL of drug (0.1 mg/mL IFX or ADL) was added to the
plates for 90 min followed by 100 μL of diluted serum (1:10
dilution) for 90 min. After washing, goat anti-human λ chain
HRP-conjugated antibody (AbD Serotec, Oxford, UK) was added
at a dilution of 2.5 × 104 for 60 min, which subsequently
reacted with tetramethylbenzidine substrate and the reaction was
stopped using 2 N H2SO4. Absorbance at 450 nm was determined on an EL-800 plate reader. Anti-drug antibody concentrations were determined by calibration to a standard curve
generated using HRP-labeled goat anti-human IgG F (ab0 ) twofragment antibody (MP Biomedicals) at concentrations from 0 to
600 ng/mL. The anti-drug antibody concentration cut-off was
calculated using the average concentration obtained from unexposed controls plus 3 standard deviations.16
Continuous variables were expressed as the median and
standard deviation and categorical variables as number and percentage. Mann–Whitney test was used to compare continuous
variables, and categorical variables were analyzed by Fisher’s
exact test. A two-tailed P < 0.05 was considered statistically signiﬁcant. A receiver-operated characteristic analysis was performed for evaluation of the accuracy of prediction of clinical
response by IFX and ADL levels. Statistical analysis was performed using MedCalc Statistical Software version 17.4
(MedCalc Software, Ostend, Belgium).

Results
Baseline patient clinical characteristics are shown in Table 1. Of
the 35 patients who were recruited, 23 had CD and 12 had
UC. Eighteen patients were treated with ADL and 17 with IFX.
The mean age of the cohort was 40.3 years, 22 (62.8%) were
females, 12 patients (34.3%) were on concomitant immunomodulators, and 9 (25.7%) had prior anti-TNFα exposure. Of these,
six (66.7%) were switched due to LOR and three (33.3%) due to
side effects. These patients were switched to alternative agents
on commencement of anti-TNFα therapy as part of this study.
Overall clinical, endoscopic, and biochemical activities for the
cohort at baseline included: HBI 8.9, partial Mayo 6.8, SES-CD
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Table 1

Baseline characteristics

Number
Mean age
Gender (female)
CD
Disease duration (years)
Age at onset
A1
A2
A3
Disease location
L1
L2
L3
L4
Disease behavior
B1
B2
B3
Perianal
UC severity
E1
E2
E3
Clinical scores
HBI
Partial Mayo
Severity of inﬂammation
SES-CD
Mayo endoscopy score
Smoking
Combination therapy
Prior anti-TNFα use
Previous surgery
Mean CRP pre-induction (mg/L)
Mean serum albumin pre-induction (g/L)

Inﬂiximab

Adalimumab

Total

P-value

17 (48.6%)
38.9
10 (58.8%)
10 (58.8%)
7.3

18 (51.4%)
41.8
12 (66.6%)
13 (72.2%)
9.5

35
40.3
22 (62.9%)
23 (65.7%)
8.6

0.83
0.6
0.42
0.46

1 (10%)
7 (70%)
2 (20%)

2 (15.4%)
7 (53.8%)
4 (30.8%)

3 (13%)
14 (60.9%)
6 (26.1%)

0.72
0.45
0.58

2 (20%)
2 (20%)
6 (60%)
0 (0%)

4 (30.8%)
2 (15.4%)
7 (53.8%)
0 (0%)

6 (26.1%)
4 (17.4%)
13 (56.5%)
0 (0%)

0.58
0.78
0.78

4(40%)
2 (20%)
4 (40%)
5 (50%)

5 (33.8%)
7 (46.2%)
1 (20%)
1 (12.5%)

9 (39.1%)
9 (39.1%)
5 (21.7%)
6 (26.1%)

0.94
0.11
0.07
0.02

0
2 (28.6%)
5 (71.4%)

0
1 (20%)
4 (80%)

0
3 (25%)
9 (75%)

0.76
0.76

11.5
7.8

7.1
5.6

8.9
6.8

0.03
0.20

9.6
2.7
2 (11.8%)
7 (41.2%)
7 (41.1%)
4 (57.1%)
24.8
36.7

12.2
2.2
0 (0%)
5 (27.7%)
2 (11.1%)
2 (11.1%)
13.8
41

11
2.5
2 (5.7%)
12 (34.3%)
9 (25.7%)
6 (17.1%)
19.2
39

0.39
0.21
0.14
0.42
0.04
0.34
0.06
0.02

OR (95% CI)

0.37 (0.02–4.71)
0.11 (0.01–1.24)

0.17 (0.03–1.04)

Statistically signiﬁcant values are provided in bold. CD, Crohn’s disease; CI, conﬁdence interval; CRP, C-reactant protein; HBI, Harvey-Bradshaw
Index; OR, odds ratio; SES-CD, Simple Endoscopic Score-Crohn’s disease; TNFα, tumor necrosis factor alpha; UC, ulcerative colitis.

11, Mayo endoscopy sub-score 2.5, CRP 19.2 mg/L, and serum
albumin 39 g/L.
There were no signiﬁcant differences between patients
treated with IFX and ADL in terms of age at onset of disease
and disease location. However, there was a trend toward more
patients treated with ADL, having underlying penetrating or perianal ﬁstulating CD. In addition, patients treated with ADL clinically had more active disease at entry, mean HBI: 11.5,
compared with 7.1 for IFX (P = 0.03, 95% conﬁdence interval
[CI]: 0.36–7.68). In addition, patients treated with IFX were
more likely to have been previously treated with prior antiTNFα, (7/17 patients, 41.7%) compared with ADL (2/18
patients, 11.1%) (P = 0.04, 95% CI: 0.01–0.59, odds ratio [OR]:
0.19). Overall response rate for our cohort was 51.4% (Table 2).
There was a statistically greater response rate in patients treated
with IFX (70.6%) compared with those treated with ADL
(33.3%) (P = 0.03, 95% CI: 0.04–0.70, OR: 0.16). In addition,
for patients with UC treated with ADL, there was evidence of
reduced clinical response (5/12 [41.7%] had primary non6

response to ADL). Overall trough levels were 12.5 μg/mL for
IFX (interquartile range [IQR]: 4.9–19.2) and 4.4 μg/mL
(0.2–7.3) for ADL (P = 0.005, 95% CI: 2.67–13.58). The majority of patients (71.4%) had therapeutic trough levels >1 μg/mL.
There was a clear link between higher anti-TNFα
trough levels at the end of induction and clinical response rates (Fig. 1). For IFX, mean trough level in responders was
16.4 μg/mL (IQR: 8.4–22.7) versus 5.3 μg/mL (0.5–8.8) for nonresponders (P = 0.026, 95% CI: 1.50–20.7). Similarly, there was
a link between higher ADL levels and clinical response, although
not statistically signiﬁcant. For ADL, mean trough level in
responders was 6.6 μg/mL (IQR: 4.9–8.7) versus 3.0 μg/mL for
non-responders (IQR: 0.1–2.7) (P = 0.135, 95% CI: 1.24–8.43).
The area under the curve for association of IFX level at
the end of induction with clinical response was 0.864
(P = 0.0001). In addition, a trough level of 4.8 μg/mL predicted
clinical response at the end of induction, with a sensitivity of
90.91% and a speciﬁcity of 67% (Fig. 2). Similarly, the area
under the curve for association of ADL level at the end of
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Table 2 Outcomes for anti-TNFα responders and non-responders

Cohort
IFX (n)
CD
UC
ADL (n)
CD
UC
Clinical scores
Mean HBI pre-induction
Mean HBI post-induction
Mean partial Mayo pre-induction
Mean partial Mayo post-induction
Mean CRP pre-induction (mg/L)
Mean CRP post-induction (mg/L)
Mean albumin pre-induction (g/L)
Mean albumin post-induction (g/L)
CRP <5 mg/L post-induction (n)
Mean anti-TNFα trough level (μg/mL)
IFX
ADL
Antibody level (n)

Responders

Non-responders

Total

P-value

OR (95% CI)

18 (51.4%)
12 (70.6%)
8 (66.7%)
4 (33.3%)
6 (33.3%)
5 (83.3%)
1 (16.7%)

17 (48.6%)
5 (29.4%)
2 (40%)
3 (60%)
12 (66.7%)
7 (58.3%)
5 (41.7%)

35
17
10
7
18
12
6

0.015
0.005
0.62
0.04
0.43
0.017

0.16 (0.04–0.70)

9.7
3.4
6
3
20.5
6.4
39.5
38.4
15

7.4
7.6
6.57
6.57
17.6
12.8
41.8
41.6
8

8.9
5
6.8
5.8

23

0.25
0.004
0.79
0.03
0.0083
0.39
0.58
0.90
0.02

16.4
6.9
3 (16.6%)

5.3
3.0
3 (17.6%)

12.5
4.4
6 (17.1%)

0.026
0.138
0.94

0.33 (0.03–2.87)
4.8 (1.14–20.1)
3.57 (0.3–40.75)

ADL, adalimumab; CD, Crohn’s disease; CI, conﬁdence interval; CRP, C-reactant protein; HBI, Harvey-Bradshaw Index; IFX, inﬂiximab; OR, odds
ratio; TNFα, tumor necrosis factor alpha; UC, ulcerative colitis.

Anti-TNFa trough level (μg/mL)

induction with clinical response was 0.766 (P = 0.0377) (Fig. 3).
Furthermore, a trough level of 3.5 μg/mL helped to predict clinical response at the end of induction, with a sensitivity of 85.7%
and a speciﬁcity of 81.8%.
There was clear correlation between anti-TNFα trough
levels, with both clinical and biochemical responses. As mentioned for the group of responders who had higher anti-TNFα
trough levels in comparison to non-responders, there was a signiﬁcant improvement in clinical assessment tools. For responders, HBI improved from 9.7 to 3.4 in comparison to an actual
increase in HBI for non-responders (P = 0.004, 95% CI: 6.31 to
−2.19). There were similar improvements in partial Mayo scores
for the group who responded; again, this cohort had higher antiTNFα trough levels.
With regard to biochemical markers, there was a signiﬁcant
improvement in mean CRP in the responders compared with non18

responders. Mean CRP for the responder group was 20.5 mg/L
pre-induction and 6.4 mg/L post-induction (P = 0.0083, 95% CI:
3.891–24.443). There was no statistical change in CRP rates in
non-responders (Fig. 4). Furthermore, week 14 CRP of <5 mg/L

Trough
100

80

60

40

16.4

16
14
12
10

20

8
6

5.3

4

6.6
3

2
0

Infliximab
p value = 0.026

Adalimumab
p value = 0.135

Figure 1 Comparison of anti-tumor necrosis factor alpha trough levels
at the end of induction between responders ( ) and non-responders ( ).

0
0

20

40

60

80

100

100-Specificity
Figure 2 Inﬂiximab levels as a predictor of clinical response at the
end of induction (area under the curve = 0.864, P = 0.0001).
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Table 3

Trough
100

80

60

40

20

0
0

20

40

60

80

100

100-Specificity
Figure 3 Adalimumab levels as a predictor of clinical response at the
end of induction (area under the curve = 0.766, P = 0.0377).

has been shown to be associated with clinical response. For our
cohort, 15 of 18 (83.3%) responders achieved this target versus
8 of 17 (47.1%) non-responders (P = 0.01, 95% CI: 0.08–0.70,
OR: 0.17).
Antibody formation occurred in six patients (17.1%) overall. Antibody development was similar for IFX (16.6%) and
ADL (17.6%), with three patients each with detectable antibodies
after induction.
Depending on the overall clinical picture, biochemical
markers, recent endoscopic assessment, as well as the information provided by TDM, patient’s management was reviewed at
the end of induction therapy and tailored accordingly. The therapeutic strategy chosen for cohort was: 11 of 35 (31.4%) patients
required no change in treatment, 16 of 35 (45.7%) patients

25

Mean CRP (mg/L)

20.5
17.6

20

12.8

15
10

6.3

5
0
Anti-TNFa Responders

Anti-TNFa Non-responders

p value 0.0083 95% CI 3.59-24.

p value 0.39

Figure 4 Change in CRP for anti-tumor necrosis factor alpha responders and non-responders ( , CRP week 0; , CRP week 14).

8

Therapeutic strategy for each group

N

Inﬂiximab

No change
Dose escalate
Regain response
Switch
Surgery

17 (45.6%)
10 (58.8%)
6 (35.3%)
5 (83.3%)
1 (5.9%)

Adalimumab

Total

18 (51.4%)
4 (22.2%)
10 (55.6%)
6 (60%)
2 (22.2%)

35
14 (40%)
16 (45.7%)
11 (68.8%)
3 (8.6%)

required increased anti-TNFα dose or decreased infusion interval,
4 of 35 (11.4%) patients switched to another anti-TNFα drug,
and 2 of 35 (5.7%) patients switched to non-anti-TNFα (ustekinumab) (Table 3). It was seen that 11.4% of patients required
surgical intervention after being assessed for secondary LOR to
anti-TNFα therapy, and 17.1% had to stop anti-TNFα therapy
due to side effects.
At 1 year, 25/35 (71.4%) of the cohort were well, 76.5%
of IFX patients, and 66.7% of ADL patients. Analyzing the
results, patients who were well at the end of the 1-year follow up
had marked reduction in clinical, endoscopic and biochemical
scores compared with non-responders. Mean HBI improved from
9.2 to 2.3 compared with an increase from 7.6 to 10 for nonresponders (P = 0.0001, 95% CI: −9.7 to 5.7). Similarly, for
endoscopic scores, SES-CD improved from 10.7 to 2.6 at
12 months for responders compared with an increase from 12.4
to 18.2 for non-responders (P = 0.0001, 95% CI: −20.5 to
−10.6). Biochemical markers also illustrated the improved outcomes for responders with a reduction in mean CRP from 20.2
to 6.7 mg/L compared with an increase from 14.6 to 21.6 mg/L
for non-responders (P = 0.03, 95% CI: −28.4 to −1.3). In addition, there was a difference in mean ADL trough levels at induction in responders (5.3 μg/mL) compared with non-responders
(0.95 μg/mL) (P = 0.0048, 95% CI: 0.12–9.1).

Discussion
Primary LOR to anti-TNFα therapy has signiﬁcant implications
for patient outcomes. Our study conﬁrms the impact this has on
patients with IBD. Our study showed a clinical response rate of
51.4%, with a signiﬁcant difference in response between patients
treated with ADL and IFX. A larger proportion of patients in the
ADL non-responder group had UC compared with the responder
group (41.7% vs 16.7%, P = 0.02).
Our study conﬁrms the role of TDM in helping to predict
clinical response. IFX patients who responded at the end of
induction therapy had improved trough levels compared with
non-responders. In addition, there was a trend toward an association between ADL trough levels and clinical response. These
ﬁndings are supported from other similar studies, suggesting that
aiming for therapeutic trough levels is associated with overall
better response rates and clinical outcomes. For example,
Kobayashi et al. have shown that week 2 trough level was significantly associated with 14-week clinical remission.17 Furthermore, it has been established that subtherapeutic anti-TNFα
levels and/or anti-TNFα antibody formation helps to predict primary non-response anti-TNFα therapy. Post hoc analysis of the
Karmiris et al.’s trial has shown that in a cohort of Crohn’s
patients treated with ADL, week 4 trough levels of <5 μg/mL are
JGH Open: An open access journal of gastroenterology and hepatology 1 (2017) 4–10
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associated with an increased future risk of antibodies to ADL formation (hazard ratio: 25.12, 95% CI: 5.64–111.91, P = 0.0002).
These patients were found to have higher CRP levels and greater
risk of future gut inﬂammation.18
There is also evidence available to support the use of
TDM to assess secondary LOR. A French study has shown that
TDM of IFX helps strongly to predict the likelihood of mucosal
healing after IFX intensiﬁcation for both patients with UC and
CD.19 In addition, clinically guided dose adjustment of antiTNFα offers the opportunity of improving response rates and
outcomes. Going forward, there is ongoing work at deﬁning optimal trough levels and targets when using anti-TNFα therapy. For
example, Ungar et al. have shown a signiﬁcant association
between serum levels of anti-TNFα and the level of mucosal
healing in a retrospective study. They propose that serum levels
of 6–10 μg/mL for IFX and 8–12 μg/mL for ADL are required
to achieve mucosal healing in 80–90% of patients with IBD.20
Our study also supports the idea that like biochemical
markers, such as CRP, anti-TNFα trough and antibodies levels
can help to guide and predict treatment response. For our cohort,
mean trough levels were considerably higher in non-responders
compared with responders for both CD and UC. In addition, a
higher percentage of responders achieved a week 14 CRP of
<5 mg/L.
TDM traditionally allows for doses to be adjusted or
treatment to be tailored such as the introduction of immunomodulators, to reduce antibody formation and thereby improve antiTNFα trough levels. It may also allow for more cost-effective
use of anti-TNFα therapy helping to recognize situations where it
is best to consider switching within anti-TNFα class or to consider alternative agents. The accepted advantage of TDM is that
it helps to explore an immune basis behind primary LOR, taking
into account underlying anti-TNFα pharmacokinetics. However,
only 17% of our cohort had signiﬁcant drug antibodies and antibody formation was not predictive of outcome. While the impact
of antibody formation was less clear in our study, there was a
deﬁnite association between trough levels and clinical and biochemical outcomes.
Our receiver-operated characteristic analysis suggests that
target IFX and ADL trough levels of 4.8 and 3.5 μg/mL could
help clinicians to predict response and offer a valid target for
tailored therapy based on TDM after induction. Our study also
adds further weight to the growing awareness that target/optimal trough levels rather than avoidance of low or suboptimal
levels are likely to have a signiﬁcant impact on clinical
outcomes.
Our study conﬁrms the role for dose intensiﬁcation of
anti-TNFα therapy in patients who have suboptimal response at
the end of induction, with 68.9% of patients responding to this
strategy. This is particularly true for ADL, where overall
response improved from 33.3% at the end of induction to 66.6%
at 1-year follow up. For ADL, dose intensifying can help to
regain clinical response, avoiding the need to switch agents. A
meta-analysis from 2011 has shown that the mean percentage of
patients who required dose intensiﬁcation among primary responders to ADL was 37% and the annual risk was 24.8% per
patient-year.16 Thus, the combination of clinical, biochemical,
and endoscopic evaluations and the increasing important role of
TDM may help to address the difﬁculties of LOR to anti-TNFα,

Induction trough levels and clinical response

develop strategies to induce and maintain long-lasting clinical
remission, and achieve mucosal healing.
Further larger randomized clinical trials are required to
conﬁrm the ﬁndings mentioned above.

Conclusion
In summary, this study suggests a role for TDM in the management of patients with IBD. We have demonstrated a clear link
between clinical and biochemical response and anti-TNFα trough
levels. There is now growing evidence that performing TDM
during the induction period will identify patients at risk of LOR,
and who would best beneﬁt from dose intensiﬁcation in a clinically guided fashion.

Acknowledgments
The authors would like to thank the patients and staff at the
Department of Gastroenterology, Tallaght Hospital, for partaking
and assisting in this research study.

References
1 Lichtenstein GR, Yan S, Bala M, Blank M, Sands BE. Inﬂiximab
maintenance treatment reduces hospitalizations, surgeries, and procedures in ﬁstulizing Crohn’s disease. Gastroenterology. 2005; 128:
862–9.
2 Feagan BG, Panaccione R, Sandborn WJ et al. Effects of adalimumab
therapy on incidence of hospitalization and surgery in Crohn’s disease: results from the CHARM study. Gastroenterology. 2008; 135:
1493–9.
3 Sprakes MB, Ford AC, Warren L, Greer D, Hamlin J. Efﬁcacy, tolerability, and predictors of response to inﬂiximab therapy for Crohn’s
disease: a large single centre experience. J. Crohns Colitis. 2012; 6:
143–53.
4 Moran GW, Dubeau MF, Kaplan GG et al. Phenotypic features of
Crohn’s disease associated with failure of medical treatment. Clin.
Gastroenterol. Hepatol. 2014; 12: 434–42.e1.
5 Echarri A, Ferreiro R, Fraga-Iriso R et al. Sa1264 drug trough levels
and primary nonresponse to antiTNF therapy in moderate-severe
Crohn disease. Results of the Optimiza study. Gastroenterology.
2014; 146: S–247.
6 Yarur AJ, Jain A, Sussman DA et al. The association of tissue antiTNF drug levels with serological and endoscopic disease activity in
inﬂammatory bowel disease: the ATLAS study. Gut. 2016; 65:
249–55.
7 Brandse JF, van den Brink GR, Wildenberg ME et al. Loss of inﬂiximab into feces is associated with lack of response to therapy in
patients with severe ulcerative colitis. Gastroenterology. 2015; 149:
350–5.e2.
8 Imaeda H, Takahashi K, Fujimoto T et al. Clinical utility of newly
developed immunoassays for serum concentrations of adalimumab
and anti-adalimumab antibodies in patients with Crohn’s disease.
J. Gastroenterol. 2014; 49: 100–9.
9 Papamichael K, Cheifetz AS. Therapeutic drug monitoring in IBD:
the new standard-of-care for anti-TNF therapy. Am. J. Gastroenterol.
2017; 112: 673–6.
10 Steenholdt C, Brynskov J, Thomsen O et al. Individualised therapy
is more cost-effective than dose intensiﬁcation in patients with
Crohn’s disease who lose response to anti-TNF treatment: a randomised, controlled trial. Gut. 2014; 63: 919–27.

JGH Open: An open access journal of gastroenterology and hepatology 1 (2017) 4–10
© 2017 The Authors. JGH Open: An open access journal of gastroenterology and hepatology published by Journal of Gastroenterology and Hepatology Foundation and
John Wiley & Sons Australia, Ltd.

9

Induction trough levels and clinical response

11 Bortlik M, Duricova D, Malickova K et al. Inﬂiximab trough levels
may predict sustained response to inﬂiximab in patients with Crohn’s
disease. J. Crohns Colitis. 2013; 7: 736–43.
12 Karmiris K, Paintaud G, Noman M et al. Inﬂuence of trough serum
levels and immunogenicity on long-term outcome of adalimumab
therapy in Crohn’s disease. Gastroenterology. 2009; 137: 1628–40.
13 Ungar B, Kopylov U, Engel T et al. Addition of an immunomodulator
can reverse antibody formation and loss of response in patients treated
with adalimumab. Aliment. Pharmacol. Ther. 2017; 45: 276–82.
14 Ungar B, Chowers Y, Yavzori M et al.; ABIRISK Consortium. The
temporal evolution of antidrug antibodies in patients with inﬂammatory bowel disease treated with inﬂiximab. Gut. 2014; 63: 1258–64.
15 Ben-Horin S, Yavzori M, Katz L et al. The immunogenic part of
inﬂiximab is the F(ab’)2, but measuring antibodies to the intact inﬂiximab molecule is more clinically useful. Gut. 2011; 60: 41–8.
16 Billioud V, Sandborn WJ, Peyrin-Biroulet L. Loss of response and
need for adalimumab dose intensiﬁcation in Crohn’s disease: a systematic review. Am. J. Gastroenterol. 2011; 106: 674–84.

10

D Tighe et al.

17 Kobayashi T, Suzuki Y, Motoya S et al. First trough level of inﬂiximab at week 2 predicts future outcomes of induction therapy in ulcerative colitis-results from a multicenter prospective randomized
controlled trial and its post hoc analysis. J. Gastroenterol. 2016; 51:
241–51.
18 Baert F, Kondragunta V, Lockton S et al. Antibodies to adalimumab
are associated with future inﬂammation in Crohn’s patients receiving
maintenance adalimumab therapy: a post hoc analysis of the Karmiris
trial. Gut. 2016; 65: 1126–31.
19 Paul S, Del Tedesco E, Marotte H et al. Therapeutic drug
monitoring of inﬂiximab and mucosal healing in inﬂammatory
bowel disease: a prospective study. Inﬂamm. Bowel Dis. 2013; 19:
2568–76.
20 Ungar B, Levy I, Yavne Y et al. Optimizing anti-TNFα therapy:
serum levels of inﬂiximab and adalimumab associate with mucosal
healing in patients with inﬂammatory bowel diseases. Clin. Gastroenterol. Hepatol. 2016; 14: 550–7.e2.

JGH Open: An open access journal of gastroenterology and hepatology 1 (2017) 4–10
© 2017 The Authors. JGH Open: An open access journal of gastroenterology and hepatology published by Journal of Gastroenterology and Hepatology Foundation and
John Wiley & Sons Australia, Ltd.

doi:10.1002/jgh3.12001

O R I GI N AL A R T IC L E

Comparing swallowing of capsule to endoscopic placement of
capsule endoscopy in children
Christopher J Burgess,*,†

Emma C McIntyre,* ,1 Geoffrey D Withers* and Looi C Ee*

*Department of Gastroenterology, Hepatology and Liver Transplant, Lady Cilento Children’s Hospital and †Discipline of Paediatrics and Child Health, University
of Queensland, Brisbane, Queensland, Australia

Key words
capsule endoscopy, child, gastroscopy.
Accepted for publication 5 August 2017.
Correspondence
Dr Christopher J Burgess, Department of
Gastroenterology, Hepatology and Liver
Transplant, Lady Cilento Children’s Hospital,
501 Stanley Street, Brisbane, QLD 4101, Australia.
Email: christopher.burgess@hotmail.com
1
Present address: Mater Children’s Private
Hospital, Mater Medical Centre, Brisbane,
Queensland, Australia.
Declaration of conﬂict of interest: Nothing to
disclose.

Abstract
Background and Aim: Capsule endoscopy (CE) offers a method of directly visualizing areas of the small bowel not accessible by conventional endoscopy. Some children
are unable to swallow the capsule requiring endoscopic placement under general anesthesia. The aim of the present study was to identify any differences between children
requiring endoscopic placement and those able to swallow the capsule.
Methods: Retrospective chart review of consecutive CE in a tertiary pediatric center
was conducted. Patient demographics, outcomes, and complications between the two
groups were noted. Paired t-test comparing continuous variables and Fisher exact test
for categorical data were used.
Results: A total of 104 CEs were performed in 88 patients, median age 12.8 (range:
1.6–18.5) years. Almost half, 49% (51/104), swallowed the capsule. Children requiring endoscopic placement were signiﬁcantly younger (9.8 vs 14.2 years; P < 0.001),
lighter (34.5 vs 54.9 kg; P < 0.0001), and had longer small intestinal transit time
(308 vs 229 min; P < 0.0001). Positive ﬁndings were more likely in those who swallowed the capsule (50% vs 30%, P = 0.017), likely a reﬂection of the indications for
procedure. Poor views were found in 30% (16/53) of patients in the endoscopic placement group due to iatrogenic bleeding from biopsies taken from concurrent procedures but did not affect outcome or subsequent patient management.
Conclusions: CE is safe and well tolerated in children. Children requiring endoscopic
placement were signiﬁcantly younger, lighter, had longer small intestine transit time,
and less likely to have positive ﬁndings. Concurrent biopsies during capsule placement increase the likelihood of inadequate views but did not affect outcome or
management.

Introduction
Capsule endoscopy (CE) is increasingly being used to diagnose
small bowel pathology in adults and children. It enables direct visualization of the small bowel which cannot be reached by conventional endoscopy. The current clinical indications for CE set out
by the American Society for Gastrointestinal Endoscopy include
obscure gastrointestinal bleeding and iron deﬁciency anemia
(OGIB + IDA), inﬂammatory bowel disease (IBD), abdominal
pain, polyp surveillance, and other.1 The relative frequency of
indications in the pediatric setting differs from adult practice with
a large number of children being investigated for suspected or
known IBD and relatively few children being investigated for
bleeding.2 The general beneﬁts of CE compared with other diagnostic modalities for the gastrointestinal tract are that it does not
involve radiation, does not require general anesthesia (GA), and is
noninvasive. In pediatric patients, however, some are unable to
swallow the capsule requiring the capsule to be placed endoscopically and therefore removing many of these beneﬁts. There is very

limited information on children requiring capsule placement compared with those who are able to swallow the capsule. The aim of
the present study was therefore to compare indications, outcomes,
and complications of children who required endoscopic capsule
placement to those who were able to swallow the capsule.

Methods
Retrospective review of all children having consecutive CE procedures in a tertiary pediatric gastroenterology center from 2008
to 2015 was undertaken. The present study was approved by the
Human Research Ethics Committee of the Lady Cilento Children’s Hospital, Brisbane. The patients were divided into two
groups: those who swallowed the capsule and those who had the
capsule placed endoscopically under GA. Capsules used were
Pillcam SB (Given Imaging, Yokneam, Israel) and endoscopic
placement was performed using a capsule delivery device
(AdvanCE; US Endoscopy, Mentor, OH, USA). Patient demographics, indication for CE, outcomes, and complications were
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Table 1

Patient demographics

Male
Age in years; median (range)
Weight in kg; mean  SD
Small intestine time (min)
Positive ﬁndings
Change in management

Swallowed (n = 51)

Endoscopic (n = 53)

P-value

61% (31/51)
14.2 (8.1–18.5)
54.9  16.4
229  98
55% (28/51)
46% (13/28)

51% (27/53)
9.8 (1.6–17.0)
34.5  19.3
308  129
30% (16/53)
50% (8/16)

0.33
<0.0001
<0.0001
<0.0001
0.017
>0.99

noted. Gastric holdup was considered to have occurred if the capsule was still within the stomach 2 h after swallowing. Small
intestinal transit time was calculated by marking the time
between the ﬁrst duodenal image and the ﬁrst cecal image. Studies were considered incomplete if the capsule did not reach the
cecum during the study period (generally 11 h). Diagnostic yield
of CE was calculated by comparing positive ﬁndings to total procedures performed and changes in patient management directly
resulting from CE ﬁndings were recorded. The effect of concurrent procedures on views in patients having endoscopic placement was also examined. Statistical analyses were performed
using paired t-tests for continuous variables and the Fisher exact
test for categorical data using GraphPad software (La Jolla, CA,
USA). A P-value of <0.05 was considered signiﬁcant.
At our center, all children were assessed as to whether
they were able to swallow tablets with some encouraged to practice with large jelly beans beforehand. All children prepared for
CE with a clear ﬂuid diet for 12 h and subsequent 4 h fast before
CE. Children who were able to swallow the capsule were then
allowed to start drinking clear ﬂuids 2 h after ingestion and
resumed a light diet after 3 h. Recommendations were similar in
patients requiring GA. Some patients having CE under GA also
had concomitant gastroscopy and colonoscopy during the same
episode of anesthesia at the discretion of the treating clinician.

Results
Patient demographics and diagnostic yield. There
were 104 capsule studies performed on 88 patients. The median
age was 12.8 (range: 1.6–18.5) years with the youngest patient
aged 1.6 years and weighing 10 kg. The youngest patient to
swallow the capsule was aged 8.1 years. Table 1 shows the demographics and diagnostic yield of the two groups. Children who
required endoscopic placement of the capsule were signiﬁcantly
younger, lighter, and had longer small intestinal transit time.
Patients who were able to swallow the capsule were signiﬁcantly
more likely to have positive ﬁndings than those requiring
Table 2

endoscopic placement; however, there was no difference in how
often this directly lead to a change in management.
Clinical indication. Clinical indications for CE in our cohort
are shown in Table 2. Signiﬁcantly more children being investigated for IBD were able to swallow the capsule compared with
endoscopic placement. There was a trend for children being
investigated for obscure bleeding and iron deﬁciency to have it
placed endoscopically, although this did not reach statistical
signiﬁcance.
Complications. The complications after CE are shown in
Table 3. There were no episodes of capsule retention in our
cohort. Gastric holdup was signiﬁcantly more common in those
who swallowed the capsule (P = 0.03). Overall, 6.5% (7/104)
studies were incomplete, but no difference was noted between
groups. Suboptimal views were signiﬁcantly more likely in those
with endoscopic placement (P < 0.0001) compared with patients
who swallowed the capsule.
Effect of concurrent procedures. The effect of concurrent procedures in children having endoscopic CE placement is
shown in Table 4. A total of 70% (37/53) of patients undergoing
endoscopic placement had concurrent procedures performed,
mainly upper endoscopy and colonoscopy with biopsies. No signiﬁcant difference was found in the number of positive ﬁndings
in those who had concurrent procedures (13/37, 35%) against
those who had CE placement only (3/16, 19%) (P = 0.33) while
under GA.

Discussion
CE is considered a painless, noninvasive, low-risk procedure but
does depend on the ability of the patient to swallow the capsule.
In children, the ability and willingness to swallow endoscopic
capsules can be inﬂuenced by the child’s age and cognitive
understanding, personality, acceptance by parents, and skill of

Clinical indication for capsule endoscopy

OGIB + IDA
IBD
Abdominal pain
Polyps
Other

Swallowed (n = 51)

Endoscopic (n = 53)

P-value

Diagnostic yield (%)

14
21
5
8
3

24
11
5
9
4

0.07
0.03
>0.99
>0.99
>0.99

34
53
10
59
29

IBD, inﬂammatory bowel disease; OGIB + IDA, obscure gastrointestinal bleeding and iron deﬁciency anemia.
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Table 3 Complications
Swallowed
(n = 51)
Retained capsule
Gastric holdup†
Incomplete
study‡

Iatrogenic blood
†
‡

Endoscopic
(n = 53)

P-value

0
0
7
1
1 × Gastric holdup 1 × Gastric holdup
2 × Slow transit
3 × Hardware
failure
0
16 (30%)

–
0.03
0.11

<0.0001

Capsule remaining in the stomach for >2 h.
Capsule not reaching the cecum within the recording period.

the investigator in turning the ingestion into an interactive game.3
However, even in adolescents, up to one-third of patients
describe difﬁculties swallowing standard size tablets.4 In our
cohort, about half required endoscopic placement. These children, as expected, were signiﬁcantly younger and therefore
lighter than those able to swallow the capsule. This is consistent
with normal observation in pediatric practice that the ability of
patients to swallow large tablets improves with increasing age
and developmental progression. These children also had signiﬁcantly longer small intestinal transit time, similar to that previously reported in a Japanese cohort of 26 children.5 This is
presumably due to reduced gastrointestinal motility caused by
anesthetic agents. Two patients in our cohort had intestinal transit
time sufﬁciently slow to prevent the capsule from reaching the
cecum within its recording time, although in general slow intestinal transit did not affect the study outcomes.
The signiﬁcantly higher diagnostic yield in children able
to swallow the capsule (55% vs 30%; P = 0.017) is likely related
to the underlying indication for CE, rather than age or size of the
patient. Children who were able to swallow the capsule were
more likely to have IBD as an indication for this procedure
(P = 0.03). IBD as an indication for CE has a high diagnostic
yield (53%) because these patients are often known to have small
bowel disease and require repeated reassessment of small bowel
mucosa often at times of worsening clinical and biochemical
markers. Conversely, children with OGIB + IDA were generally
younger, and although not statistically signiﬁcant, less likely to
be able to swallow the capsule (P = 0.07). The diagnostic yield
of CE for OGIB + IDA is also relatively low (34%) for multiple
reasons including wide potential differential diagnoses, bleeding
likely intermittent, and time delay between bleeding and performing the procedure.
One of the major measures of validity for any investigation including CE is whether it leads to a direct change in the

patient’s management. The rate of this was similar regardless of
whether the capsule was swallowed or placed endoscopically and
occurred approximately half of the time. Most commonly, these
included changes to medical management of IBD, or progress to
further therapeutic investigations such as surgery, enteroscopy, or
endoscopy with polypectomy.
Whether swallowed or placed, CE is well tolerated and
preferred by most pediatric patients when compared with endoscopic and radiological procedures.6 Capsule retention is the
most discussed potential complication in CE. While it was initially thought that younger children had a higher risk of capsule
retention, it is now clear that the underlying indication rather
than age is more important. In the largest reported pediatric
series, the highest risk factors for capsule retention include
known IBD (5.2% risk), previous small bowel follow-through
demonstrating small bowel Crohn’s disease (35.7% risk), and a
body mass index <5th percentile combined with known IBD
(43% risk).7 A meta-analysis of 1013 pediatric patients produced
a pooled retention rate of 2.3%.8 Fortunately, we had no episodes
of capsule retention in this cohort despite our youngest patient
being 19 months of age and weighing 10 kg.
Another common complication of CE is delayed gastric
passage, which occurred in 7 out of 104 of our cohort. However,
only one episode was sufﬁciently delayed to potentially affect the
study outcome with the capsule not reaching the cecum within its
recording time. In small children, even endoscopic placement of
the capsule can result in gastric holdup as the capsule release
device is sometimes unable to ﬁt through the narrow pylorus.
An unexpected ﬁnding in our cohort was the signiﬁcant
number of studies (30%, P < 0.0001), with suboptimal views
because of bleeding in patients having endoscopically placed
CE. This was presumed to be secondary to biopsies collected
during concurrent procedures, or scope trauma at the time of capsule insertion. However, further analyses of patients having endoscopic CE placement found no signiﬁcant differences in
demographics, size, transit time, positive ﬁndings, or rate of management change in those having concurrent gastroscopy/colonoscopy compared with those having only CE placement. Therefore,
while not ideal, performing an endoscopy and colonoscopy at the
same time as capsule insertion did not signiﬁcantly impact the
rate of positive ﬁndings despite increased likelihood of suboptimal views.

Conclusions
CE is safe and well tolerated in children. Children requiring
placement of CE under GA are signiﬁcantly younger and lighter
and have a longer small intestinal transit time. Children able to

Table 4 Effect of concurrent procedures in patients with endoscopically placed CE

Age in years; median (range)
Weight in kg; mean  SD
Small intestine time (min)
Positive ﬁndings
Change in management

Concurrent procedures (n = 37)

CE only (n = 16)

P-value

10.5 (1.6–17.1)
38.0  20.5
318.5  140.1
35% (13/37)
30% (11/37)

8.9 (2.4–16.8)
24.0  9.7
286.7  107.0
19% (3/16)
13% (2/16)

0.38
0.34
0.36
0.33
0.30

CE, capsule endoscopy.
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swallow the capsule are more likely to have positive ﬁndings,
most likely because of their clinical indications for CE rather
than patient demographics. When an abnormal ﬁnding is made
on CE, a change in medical management occurs approximately
50% of the time. Concurrent biopsies increase the likelihood of
inadequate views but do not affect the outcome of the study.
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Abstract
Background and Aim: Patients with inﬂammatory bowel disease (IBD) are at a risk
of nutritional deﬁcits because of poor dietary beliefs and practices. There are no data
on this aspect from Asia, which is experiencing a rise in IBD incidence. We aimed to
establish dietary beliefs and practices in patients of IBD from India.
Methods: Patients with ulcerative colitis (UC) and Crohn’s disease (CD) followed up
between November 2016 and March 2017 were included. A questionnaire extracted
information on the patients’ sociodemographic, nutritional and disease proﬁle, smoking and drinking habits, dietary beliefs and practices, current dietary preferences,
intake and avoidance, dietary changes made after diagnosis of IBD, dietary changes
made during relapse, frequency of consumption of major food groups, and the attitudes toward dietary advice.
Results: A total of 316 patients (218 UC and 98 CD; mean age: 38.5  12.2 years)
were included. Forty-four percent patients perceived food as a risk factor for IBD,
52% felt dietary habits to have a more important role than medicines in disease control, 77% reported certain foods improve symptoms during relapse, 86% had modiﬁed
their diet since the diagnosis of IBD (UC > CD, P = 0.04), 90% imposed food restrictions, and <50% had received dietary counseling. About 40% of patients could not
meet their dietary requirements and 66% had decreased their dietary intake since diagnosis, which further decreased during relapse (85%).
Conclusion: Dietary beliefs and practices play a central role in perception of disease
in IBD patients. A large majority of them make dietary changes which can lead to
undernutrition. Proper dietary counseling is required in these patients to prevent
malnutrition.

Introduction
The pathogenesis of inﬂammatory bowel disease (IBD) involves
a complex interaction of environment, genetics, and immune system, and diet forms an important part of environmental trigger.1
Diet can inﬂuence pathogenesis and disease course in multiple
ways: by acting as an antigenic stimulant and by modifying the
gut microbiome.2–4 Diet is also perceived by many patients as an
important trigger for relapse and many patients do modify their
diet with various phases of disease activity which may compromise their nutritional status. There has been a steady rise in the
prevalence of IBD in India and other Asian countries and as per
a recent report, the projected disease burden of IBD in India is
second highest in the world after USA.5,6
Although no deﬁnite data exist to support a speciﬁc diet in
Crohn’s disease (CD) or ulcerative colitis (UC) patients,7 patients
with IBD are seen to have a wide range of nutritional

deﬁciencies, even those who are in clinical remission.8–10 Those
with IBD often report of certain food items to have caused an
exacerbation of their symptoms. Consequently, numerous unsubstantiated recommendations exist on dietary modiﬁcations for
patients with IBD.7,11 Likewise, there is a paucity of research in
the literature describing the dietary patterns of patients with CD
and UC, whether these patterns differ between disease types12,13
and there is no such report from Asia.
Thus, this study aims to establish the dietary beliefs, practices, and dietary counseling seeking attitude in patients
with IBD.

Methods
Patients. This cross-sectional observational study, conducted
at the IBD Clinic, Department of Gastroenterology at All India
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Institute of Medical Sciences (AIIMS), New Delhi, from
November 2016 to March 2017, included consecutive patients
with IBD more >18 years and with any disease activity. Operated
patients and those refusing consent were excluded from the
study. Institute ethics committee approved the study.
Study design. At ﬁrst, using other previous studies conducted on the topic as an archetype,12,13 a questionnaire was
drafted. The questionnaire was devised to extract information on
the patients’ sociodemographic proﬁle, nutritional proﬁle, disease
proﬁle, smoking and drinking habits, dietary beliefs and practices, current dietary preferences, intake and avoidance, dietary
changes made after diagnosis of IBD, dietary changes made during relapse, frequency of consumption of major food groups, and
the attitudes toward dietary advice. All interviews were conducted by the same researcher in person. The questionnaire
extracted the following information from the patients.
Sociodemographic proﬁle. Sociodemographic proﬁle
included age, gender, place of residence (categorized into North
India, East India, and West/Central India), total number of family
members, education of head of household, occupation of head of
household, total family income per month, patient’s education
level (professional or honors, graduate or postgraduate, intermediate or post-high school diploma/high school certiﬁcate, middle
school certiﬁcate/primary school certiﬁcate, and illiterate), patient’s
occupation (profession/semi-profession, clerical/ shop owner/
farmer, skilled worker/semi-skilled worker/unskilled worker, and
unemployed), and patient’s income per month. Kuppuswamy
Scale14,15 was used to calculate the socioeconomic status.
Nutritional proﬁle. Body mass index (BMI) was used as an
indicator of nutritional status. BMI was further classiﬁed into
three broad categories of <18.5, 18.5–25, and >25 to aid statistical analysis.
Disease proﬁle. Disease proﬁle included type of disease, age
at appearance of ﬁrst symptoms, age at diagnosis, comorbidities
such as diabetes mellitus, hypertension, thyroid disease, or heart
disease, and disease activity indices. The Simple Clinical Colitis
Activity Index (SCCAI)16 was utilized for UC and Crohn’s Disease Activity Index (CDAI)17 for CD.
Personal habits. Personal habits included smoking (whether
the patient has never smoked, is an ex-smoker, or a current
smoker) and alcohol (whether the patient never drinks, is an exdrinker, or a current drinker).
Dietary beliefs and behavior. These were established with
the help of 15 questions to be answered by the patients in either
a yes, no, or don’t know. To aid statistical analysis, patients who
answered “don’t know” for questions 1, 6, 7, 8, 13, 14, and
15 were not considered when analyzing the results for associations. Patients were asked about their previous and current dietary preference, that is: vegetarian, non-vegetarian, or eggetarian.
Information was also gathered about particular food items
excluded and any dietary changes after diagnosis of IBD and
during relapse.
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Current dietary intake. The numbers of major meals and
minor meals currently consumed per day were asked. Additionally, the frequency of consumption of major food groups was
assessed. Patients who reported to have consumed a food item
seldom than once a month were considered to not be consuming
that item. For each of the food items, the patients were categorized into three major categories according to the frequency of
consumption, that is not consuming the food item at all, consuming the food item for less than 16 days/month (not meeting the
dietary requirement), and consuming the food item for more than
16 days/month (meeting the dietary requirement).
Statistical analysis. Student’s t-test was used for comparison of mean in case of parametric continuous variables, Wilcoxon rank-sum test was used to compare the median in case of
non-parametric continuous variables, and the chi-square (χ 2) test
was used for comparison of categorical variables. One-way
ANOVA was used to analyze the results where parametric continuous variables were compared with categorical variables with
more than two groups and Kruskal–Wallis test was used to compare non-parametric categorical variables with categorical variables with more than two groups. Data were analyzed using Stata
software (version 11.0) (StataCorp,, College Station, TX, USA).
A P-value of <0.05 was considered as statistically signiﬁcant.

Results
Clinical, sociodemographic, and personal characteristics. A total of 316 patients participated in the study
(Table 1). Of these 316 patients, 54.1% were males and 70% had
UC. The mean age of the entire cohort was 38.5  12.2 years.
The time elapsed between appearance of ﬁrst symptoms and
diagnosis was slightly longer in CD patients (P < 0.001). There
was no statistically signiﬁcant difference in the age, gender, duration of disease, comorbidities, and BMI between the two IBD
subtypes.
A total of 28 (8.9%) patients were ex-smokers and
7 (2.2%) were current smokers. Seventeen (5.4%) had quit drinking while four (1.3%) said they still drink. There were signiﬁcantly more CD patients who reported to be ex- or current
smokers (P = 0.008), while there was no signiﬁcant difference in
the number of ex- or current drinkers.
Majority of the patients were from North India
(245, 77.5%). Highest level of education was high school for
98 (31.0%) respondents and college for 97 (30.7%). The patient’s
education, patient’s occupation, socioeconomic status, and total
number of family members were statistically insigniﬁcant
between UC and CD patients, whereas the patient’s income
(P = 0.001) and the per capita income (P = 0.028) were slightly
higher for CD patients.
Dietary beliefs. Two hundred and thirty-eight (75.3%)
patients believed that dietary behavior is perceived to cause
weakness, malnutrition, and other deﬁciency disorders (Question
1) (Table 2). One hundred and forty (44.3%) patients perceived
food as a risk factor for IBD (Question 6). Dietary habits were
perceived to have a more important role than medicines in the
control of IBD in 165 (52.2%) patients (Question 7). IBD was
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Table 1 Clinical, dietary, and personal proﬁle of the patients with
inﬂammatory bowel disease

Variables
Age (years)
Gender (male), n (%)
Age at which symptoms
appeared (years)
Age at diagnosis (years)
Duration of disease (years)
Comorbidities, n (%)
Diabetes mellitus
Hypertension
Thyroid disease
Heart disease
Crohn’s Disease Activity
Index, n (%)
Remission (<150)
Mild (150–220)
Moderate (220–450)
Severe (>450)
Simple Clinical Colitis
Activity Index, n (%)
Remission (0–2)
Active disease (>2)
Vegetarian
Non-vegetarian
Eggetarian
BMI (kg/m2)
BMI (kg/m2), n (%)
<18.5
18.5–25
>25
Smoking, n (%)
Never smoked
Ex-smoker
Currently smoking
Alcohol, n (%)
Never/occasional
Ex-drinker
Current drinker

Ulcerative
colitis (n = 218)

Crohn’s
disease (n = 98)

37.64  12.23
118 (54.13)
31.45  11.18

40.5  14.59
53 (54.08)
34.22  14.22

32.76  10.98
6.19  5.97

37.03  14.65*
6.28  4.93

7 (3.21)
4 (1.83)
3 (1.38)
1 (0.46)

6 (6.12)
4 (4.08)
3 (3.06)
0 (0.00)

50 (51.02)
22 (22.45)
25 (25.51)
1 (1.02)

130 (59.63)
88 (40.37)
115 (52.75)
78 (35.78)
25 (11.47)
21.60  4.33

40 (40.82)
47 (47.96)
11 (11.22)
20.98  4.29

55 (25.23)
118 (54.13)
45 (20.64)

34 (34.69)
53 (54.08)
11 (11.22)

199 (91.28)
18 (8.26)
1 (0.46)

82 (83.67)
10 (10.20)*
6 (6.12)*

207 (94.95)
10 (4.59)
1 (0.46)

8 (89.80)
7 (7.14)
3 (3.06)

*P < 0.05, P-values were >0.05 for rest of the comparisons.
Continuous variables are expressed as mean  SD. Numbers in parentheses indicate percentage.
BMI, body mass index.

thought to affect appetite and pleasure in eating in case of
208 (65.8%) patients (Question 8). Two hundred and forty-four
(77.2%) patients reported that certain foods improve symptoms
in case of relapse (Question 13) including lentils (especially split
green gram), khichdi (a South Asian preparation made from lentils and rice), oatmeal, curd, buttermilk, rice, Indian ﬂatbread,
bottle gourd, and sponge gourd (Table 2).
Dietary practices. Most respondents were vegetarian
(155, 49.1%) and 125 (39.6%) were non-vegetarians; the rest
were eggetarian (Table 1). There was no difference in the dietary
preferences of the UC and CD patients (Table 2). Two hundred
and eleven (66.8%) patients reported taking vitamin and mineral

supplements/injections. Alternative therapies or herbal medications for IBD were reported by 83 (26.3%) patients. Nutritional
supplements were being taken by 21 (6.7%) patients and ﬁber
supplements by 70 (22.2%) patients. A signiﬁcantly more number of UC patients were taking ﬁber supplements as compared to
CD patients (P = 0.049). Most patients (227, 71.8%) shared the
same menu as the other members of the family. Two hundred
and forty-eight (78.5%) refused outdoor dining for fear of causing relapse. Two hundred and seventy-one (85.76) patients had
modiﬁed their diet since the diagnosis of IBD (UC > CD,
P = 0.04). Food restrictions were imposed by 284 (89.9%)
patients in the belief that this could prevent a relapse (Table 3).
While more CD patients avoided raw fruits (P = 0.002), more
UC patients avoided dairy products (P = 0.013). Restricting a
particular food item was associated with other items as well, the
details of which are mentioned in Tables S1 and S2 (Supporting
information). One hundred and forty-one (44.6%) patients
reported to have received dietary advice and 285 (90.2%) were
keen on receiving nutritional advice (Table 2). Most patients also
restricted common Indian spices and condiments and some
patients restricted sugar (46, 14.6%) and cooking oil (31, 9.8%)
(Table 4). The number of major meals consumed per day at the
time of questionnaire was 2.70  0.61, whereas minor meals
were 1.09  1.08 (Table 5). Most of the patients met their dietary requirements for cereals (312, 98.7%), whereas dietary
requirements for other food items were not met by many patients
(Table 4).
Changes in diet after diagnosis of IBD and during
relapse. Eight (2.5%) patients (all UC) changed their dietary
preferences from non-vegetarian to vegetarian and eight (2.5%,
seven UC and one CD) changed from a non-vegetarian diet to an
eggetarian diet after the diagnosis of IBD. One hundred and
ﬁfty-two (48.1%) patients reported an increase, whereas
28 (8.9%) reported a decrease in water consumption (Table 6).
Most patients (209, 66.14) had decreased the amount of food
consumed per sitting since their diagnosis. Average number of
major meals consumed per day was 2.89  0.57 prior to diagnosis and 2.70  0.65 after diagnosis (Table 6).
Majority of patients reported a decrease in the amount of
food consumed per sitting in the relapse state (267, 84.49%).
When in remission, patients reported to consume an average of
2.71  0.65 major meals per day which dropped to 1.62  1.15
during relapse (Table 6).
Factors affecting dietary behavior
Age. Mean age of those not meeting their dietary requirements
of cereals was signiﬁcantly higher (55.75  8.30) as compared
to those who were adequate with their consumption
(38.31  12.96) (P = 0.0077).
Gender. More male respondents (62.68% vs 43.97% females
[P = 0.003]) believed diet could be the initiating factor for IBD
and that dietary habits have a more important role than medicines
in the control of IBD (59.41% vs 47.06% females [P = 0.031]).
Socioeconomic status. Patients belonging to higher socioeconomic classes were more often found to be taking alternative therapies or herbal medications for IBD: upper (46.67%), upper middle
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Results on dietary beliefs and practices in patients with IBD

Q1. Do you believe that your dietary behavior can cause weakness,
malnutrition, and other deﬁciency disorders?
Q2. Do you take any vitamin and mineral supplements/ injections?
Q3. Do you take any alternative therapies or herbal medications for IBD
(ayurvedic, homeopathic, choorans, and chawanprash)?
Q4. Do you take nutritional supplements?
Q5. Do you take ﬁber supplements?
Q6. Do you believe that diet could be the initiating factor for IBD?
Q7. Do you consider dietary habits to have a more important role than
medicines in the control of IBD?
Q8. Do you think that IBD affects your appetite and pleasure in eating?
Q9. Do you share the same menu as the other members of the family
living under the same roof?
Q10. Do you refuse outdoor dining for fear of causing relapse?
Q11. Have you modiﬁed your diet since the diagnosis of your IBD?
Q12. Do you tend to avoid certain foods?
Q13. During a relapse in IBD, do certain foods improve your symptoms?
Q14. Have you received any advice on your diet?
Q15. Would you be keen on receiving some nutritional advice?

Variables

Ulcerative colitis (n = 218)

Crohn’s disease (n = 98)

Yes
Don’t know
Yes
Yes

160 (73.39)
1 (0.46)
139 (63.76)
59 (27.06)

78 (79.59)
1 (1.02)
72 (73.47)
24 (24.49)

Yes
Yes
Yes
Don’t know
Yes
Don’t know
Yes
Don’t know
Yes

11 (5.05)
55 (25.23)
98 (44.95)
36 (16.51)
114 (52.29)
8 (3.67)
147 (67.43)
2 (0.92)
150 (68.81)

10 (10.20)
15 (15.31)
42 (42.86)
22 (22.45)
51 (52.04)
2 (2.04)
61 (62.24)
0 (0.00)
77 (78.57)

Yes
Yes
Yes
Yes
Don’t Know
Yes
Don’t know
Yes
Don’t know

175 (80.28)
193 (88.53)
198 (90.83)
174 (79.82)
4 (1.83)
91 (41.74)
1 (0.46)
199 (91.28)
2 (0.92)

73 (74.49)
78 (79.59)*
86 (87.76)
70 (71.43)
0 (0.00)
50 (51.02)
0 (0.00)
86 (87.76)
0 (0.00)

*P < 0.05.
IBD, inﬂammatory bowel disease.

(28.47%), lower middle (17.95%), and upper lower (23.53%); none
of the patients belonging to the lower socioeconomic class were
taking alternative therapies or herbal medications (P = 0.028).

(92.65% vs 80.56% of those in remission [P = 0.002]; 94.85%
vs 86.11% [P = 0.011], respectively).

Total number of family members. Those with fewer family
members considered dietary habits to have a more important role
than medicines in the control of IBD (P = 0.02).

Body mass index. More underweight (BMI < 18.5 kg/m2)
patients believed that dietary behavior can cause weakness, malnutrition, and other deﬁciency disorders (83.91% vs 72.69%,
P = 0.038); dietary habits have a more important role than medicines in the control of IBD (55.81% vs 42.27%, P = 0.033); and
IBD affects their appetite and pleasure in eating (75.00% vs
62.83%, P = 0.041). Underweight patients were more likely to
be taking nutrition supplements (13.48% vs 3.96%, P = 0.002).

Disease activity. IBD affected the appetite and pleasure in eating more so for those in relapse (75%) as compared to those in
remission (62.8%) (P = 0.04). Patients in relapse made more
modiﬁcations in their diet and were avoiding certain food more
Table 3

Food exclusion pattern in patients with IBD

Food items
Spicy
Greasy and fatty food
Raw vegetables
Raw fruits
Whole pulses
Dairy products
Coffee
Tea
Carbonated beverages
Alcohol

IBD (n = 316)

Ulcerative colitis (n = 218)

Crohn’s disease (n = 98)

P-value

268 (84.8)
264 (83.5)
93 (29.4)
50 (15.8)
105 (33.2)
149 (47.2)
177 (56.0)
99 (31.3)
199 (62.9)
19 (90.5)

188 (86.24)
184 (84.40)
63 (28.90)
25 (11.47)
69 (31.65)
113 (51.83)
130 (59.63)
73 (33.49)
135 (61.93)
11 (100)

80 (81.63)
80 (81.63)
30 (30.61)
25 (25.51)
36 (36.73)
36 (36.73)
47 (47.96)
26 (26.53)
64 (65.31)
8 (80)

0.291
0.539
0.757
0.002
0.375
0.013
0.053
0.218
0.565
0.119

p value between Ulcerative colitis and Crohn's disease.
IBD, inﬂammatory bowel disease.
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Table 4 Data on restriction of condiments and spices and adequacy
of particular food items in patients with inﬂammatory bowel disease
Ulcerative
colitis (n = 218)
Restriction of condiments and spices
Red chili
141 (64.68)
Garam masala
137 (62.84)
Chaat masala
187 (85.78)
Dried mango powder
191 (87.61)
Ready-made spices
155 (71.10)
Sugar
31 (14.22)
Oil for cooking
23 (10.55)
Adequacy of particular food items
Cereals
217 (99.54)
Pulses
128 (58.72)
Vegetables
142 (65.14)
Fruits
116 (53.21)
Milk and milk products
136 (62.39)
Sugars
Oils
Meat and eggs

185 (87.68)†
195 (89.45)
25 (24.27)§

Crohn’s
disease (n = 98)

53 (54.08)
48 (48.98)
78 (79.59)
79 (80.61)
63 (64.29)
15 (15.31)
8 (8.16)
95 (96.94)
60 (61.22)
59 (60.20)
54 (55.10)
73 (74.79),
P = 0.035
80 (86.96)‡
90 (91.84)
22 (37.93)¶

†

n = 211.
n = 92.
§
n = 103.
¶
n = 58.
‡

Discussion
The present study has evaluated the dietary beliefs and practices
in a large cohort of IBD patients in a tertiary care center from
North India. This is the ﬁrst such report from Asia, especially
when this region is experiencing a rise in disease burden of
IBD.6 Diet is an important component of the management plan
of any disease and in case of IBD there are many perspectives to
diet as perceived by both patient and the physician: as a

triggering agent for IBD, as a part of therapeutic strategy, and as
a component of nutritional plan.
Almost half of our patients perceived food as a risk factor
for IBD and felt diet to be more important than medicines in the
control of IBD. Because of this, food restrictions were imposed by
~90% of patients, 85% patients had modiﬁed their diet after the
diagnosis of IBD, and 78% patients refused outdoor eating for fear
of causing relapse. Among the restricted food items, spices, greasy,
and fatty foods were the most common being restricted in ~80% of
patients. This was followed by carbonated beverages, coffee, dairy
products, tea, and whole pulses being avoided in 30–60% of
patients. Raw fruits and vegetables were avoided in 15–30% of
patients. Jowett et al. in a study from UK showed that 68% of
patients believed that diet was relevant to their disease, 49%
avoided certain foods, and 39% thought certain foods triggered a
relapse.18 Zallot et al. reported that 16% of patients felt that the diet
could initiate the disease and 60% believed that food could be a
trigger for relapse and 22% reported refusing outdoor dining for
fear of causing relapse.13 In a recent study from UK,12 Limdi et al.
reported a similar proportion of patients thought diet to be a risk
factor for IBD, but unlike our study lower numbers felt diet to be
more important than medicines in disease control (28% vs 52%).
Lower proportion of patients in that study had modiﬁed their diet
(57% vs 85%) and restricted their food (68% vs 90%) in comparison to the present study. The proportion of patients who avoided
outside food was much higher in the present study as compared to
studies by Limdi et al. and Zallot et al. (78% vs 22% vs 22%).
Unlike the previous studies, we also analyzed the dietary practices
in relation to disease activity: patients in relapse made more modiﬁcations in their diet and were avoiding certain food more.
About two-third of the patients took vitamin and mineral
supplements in the present study. One-fourth of the patients took
alternative medicines for IBD and the proportion of patients taking alternative medicines was highest in the highest socioeconomic subgroup. Nutritional and ﬁber supplements were taken
by 6.7% and 22% patients, respectively. Fiber intake was more
in UC than in CD patients. In the recent study from UK,12 40%

Table 5 Dietary practices at the time of administration of questionnaire
Variables
Number of meals per day
Frequency of consumption of major food groups
(days/month)

Beverage intake

Major meals
Minor meals
Roti
Rice
Washed pulses
Whole pulses
Root vegetables
Green leafy vegetables
Other vegetables
Milk
Curd
Paneer
Fruits
Non-vegetarian food
Egg
Coffee (days/month)
Number of cups of tea/day

Ulcerative colitis (n = 218)
2.71
1.07
29.58
17.87
16.87
8.04
18.27
12.73
10.43
23.17
18.28
5.27
19.40
6.07
10.63
8.92
2.02



















0.59
1.12
2.83 (n = 214)
11.90 (n = 204)
10.93 (n = 204)
6.78 (n = 157)
10.53 (n = 211)
9.40 (n = 191)
8.78 (n = 191)
10.61 (n = 103)
11.74 (n = 174)
6.58 (n = 143)
11.32 (n = 202)
6.86 (n = 67)
10.60 (n = 83)
11.13 (n = 49)
1.32 (n = 160)

Crohn’s disease (n = 98)
2.66
1.14
29.81
19.75
17.43
6.48
17.92
10.43
11.48
26.07
19.05
5.09
21.15
8.47
12.28
8.95
2.19



















0.66
0.99
1.86 (n = 94)
11.72 (n = 92)
11.04 (n = 98)
4.78 (n = 62)
10.36 (n = 93)
8.66 (n = 86)
9.41 (n = 90)
8.96 (n = 69)
11.95 (n = 75)
5.51 (n = 70)
10.54 (n = 86)
9.27 (n = 43)
11.34 (n = 53)
10.41 (n = 41)
1.45 (n = 76)
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Changes in dietary practices after the diagnosis of IBD and during relapse
Ulcerative colitis (n = 218)

Crohn’s disease (n = 98)

Changes in dietary practices after the diagnosis of IBD
Pre-diagnosis
Post-diagnosis
Dietary preferences
Non-vegetarian to vegetarian
8 (3.67)
Non-vegetarian to eggetarian
7 (3.21)
Water intake
No change
90 (41.28)
Increased
109 (50.00)
Deceased
19 (8.72)
Amount of food consumed per sitting
No change
67 (30.73)
Increased
13 (5.96)
Decreased
138 (63.30)
Number of major meals per day
2.90  0.57
2.72  0.65

Pre-diagnosis

Post-diagnosis
0 (0.00)
1 (1.02)
46 (46.94)
43 (43.88)
9 (9.18)
20 (20.41)
7 (7.14)
71 (72.45)

2.86  0.57

2.66  0.67

Remission

Relapse

Changes in dietary practices during relapse
Remission
Amount consumed per sitting
No change
Increased
Decreased
Number of major meals per day

Relapse
32 (14.68)
3 (1.38)
183 (83.94)

2.73  0.64

11 (11.22)
3 (3.06)
84 (85.71)
1.71  1.15

2.66  0.67

1.42  1.15

Values expressed as frequency (%) and mean+SD.
IBD, inﬂammatory bowel disease.

of patients were on vitamin supplements and only 6% of patients
were on alternative medicines. More than 70% of patients shared
the same menu as other members of the family in the present
study as well as studies by Limdi et al. and Zallot et al.12,13
Three-fourth of our patients believed dietary behavior to
cause weakness, malnutrition, and other deﬁciency disorders. In
two-third patients, IBD was thought to affect appetite and pleasure
in eating and three-fourth patients thought that certain foods
improve symptoms in case of relapse including lentils, khichdi ,
oatmeal, curd, buttermilk, rice, Indian ﬂatbread, bottle gourd, and
sponge gourd. In the earliest study by Jowett et al.,18 22% of
patients felt that ﬁber-rich foods were helpful for their colitis. In
the study by Zallot et al.,13 one-third felt that dietary behavior in
IBD can cause nutritional and vitamin deﬁciency, and half felt
that disease had changed their pleasure of eating. In the UK study
also, 73% of patients felt that disease had changed their pleasure
in eating.12 However, as compared to present study, only 16% felt
that certain foods can improve their symptoms in case of relapse
including high and low ﬁber food and starch-rich foods.
Most of the patients had decreased their dietary intake after
the diagnosis of IBD and this further decreased to almost half during the phase of relapse. Many patients changed their dietary preference from non-vegetarian to vegetarian/eggetarian after
diagnosis of IBD. Because of the decrease in nutritional intake,
except for cereals, the dietary requirements of other food items
were not met by many patients. Similarly, Zallot et al.13 also
showed that there was a signiﬁcant decrease in appetite during
relapse with only one-fourth of the patients having a normal diet,
and decrease in appetite was also documented in the study by
Limdi et al.12
Only half of the patients had received any advice regarding
their diet as compared to 33%, 73%, and 50% patients in the studies
20

by Jowett et al., Zallot et al., and Limdi et al., and more than 90%
patients in the present study and 67% patients in the study by Limdi
et al. were keen on receiving any nutritional advice.
Therefore, in general, the dietary beliefs, behavior, and
practices in patients with IBD are similar between West and the
East, with a few differences in the proportion of patients with
such beliefs and behaviors. These differences could be explained
by differences in the populations and ethnicity. Most of the
patients in the recent study from UK were non-vegetarians (88%)
as compared to only 40% patients in the present study. In the
same study, the results from the Asian-British population
matched the Indian data with a similar proportion believing diet
to have a more important role than medicines in the control of
IBD (52% vs 49%), and similar proportion restricting their diet
(89% vs 90%) and refusing outdoor dining (76% vs 49%) as
compared to the entire cohort.
These dietary behaviors do have a major impact on the
nutritional status and quality of life of these patients. The diet of
these patients was inadequate in up to 40% of patients in terms
of pulses, fruits, vegetables, and dairy products and up to 25% of
patients were undernourished (BMI < 18.5 kg/m2), with CD
patients being more undernourished than UC patients (35% vs
25%). BMI underestimates the nutritional status in comparison to
other nutritional parameters such as body fat and lean mass.
Therefore, the proportion of patients with undernourishment
would have been more than estimated.
The study is limited by its origin from a tertiary care single center which would have led to a referral bias with sicker and
more undernourished patients and would not directly reﬂect overall IBD population of India. However, this is the ﬁrst such study
from Asia and highlights the importance of dietary counseling in
patients with IBD.
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To conclude, many IBD patients do not meet their dietary
requirements because of dietary beliefs and practices; only half
receive any dietary advice and there is a need for proper dietary
intervention to optimize the management of IBD patients.
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Background and Aim: Emergence of drug resistance in intestinal tuberculosis
(ITB) makes the treatment of this condition challenging. While there is growing evidence of multiple and extensive drug resistance in pulmonary and glandular tuberculosis (TB), literature regarding susceptibility and resistance patterns in ITB is scarce.
The aim of the current paper was to study the prevalence of drug resistance in
patients with ITB.
Methods: Among patients presenting to a tertiary care hospital in Mumbai
between 2008 and 2016, records of all patients with ITB, whose mucosal biopsy
(obtained at ileocolonoscopy) tissue culture was positive for Mycobacterium tuberculosis and in whom drug sensitivity testing was performed, were retrospectively
analyzed. Sensitivity and resistance to single or multiple anti-TB drugs were
noted.
Results: A total of 43 patients were included, of whom 10 (23.2%) patients were
diagnosed to have resistance to at least one ﬁrst-line anti-TB drug. Resistance to isoniazid was the most common (nine patients), followed by rifampicin (six), pyrazinamide
(ﬁve), streptomycin and ethionamide (four each), ethambutol, moxiﬂoxacin and oﬂoxacin (three each), and p-amino salicylic acid (one). Six patients (13.9%) had
multidrug-resistant TB and needed second-line anti-TB therapy as per drug sensitivity
pattern. There was no patient with extensive drug-resistant TB.
Conclusion: Twenty-three percent of our patients with ITB tested for drug resistance
had drug resistance, 13.9% being multidrug resistant and needing second-line anti-TB
therapy.

Introduction

Methods

Drug resistance is well known in pulmonary and glandular tuberculosis (TB).1 However, resistance in intestinal TB (ITB) is
believed to be uncommon.2–4 Apart from treatment difﬁculties,
drug resistance presents a unique challenge in ITB. In endemic
areas for TB, where the prevalence of Crohn’s disease is also on
the rise,5,6 when the differentiation between Crohn’s disease and
ITB is not clear, empirical ﬁrst-line anti-tubercular therapy (ATT)
is often administered. If treatment failure/recurrence occurs, differentiating drug-resistant ITB from Crohn’s disease becomes
difﬁcult.
Culture of acid-fast bacilli (AFB) is the gold standard for
a positive diagnosis of ITB.7–9 However, a positive yield of
Mycobacterium tuberculosis (MTB) complex is obtained in only
25–50% of cases on culture of intestinal biopsy tissue,4,7–9 making it difﬁcult to test for drug resistance.
There is paucity of literature on drug resistance in ITB.8,9
We update our experience on drug resistance patterns in the
MTB isolates obtained from intestinal biopsies in 43 patients.

We retrospectively analyzed the data of patients with culturepositive ITB seen in the Gastroenterology Division of our tertiary
care private sector hospital between 2008 and 2016. Some of
these data have been reported earlier, as part of a report on
abdominal TB.4 Our hospital laboratory is certiﬁed by the College
of American Pathologists and the National Accreditation Board
for Testing and Calibration of Laboratories; it is also accredited
by the Central TB Division, Government of India as an Intermediate Referral Lab for TB culture and drug sensitivity testing.
Patients in whom antibiogram was not available were
excluded from the analysis. Demographic features, clinical presentation, investigations, and treatment offered were noted. The
Institutional Ethics Committee approved the analysis and, as it
was a retrospective analysis of data, granted waiver of consent.
A diagnosis of drug-resistant ITB was made when MTB
complex grown on culture of intestinal biopsy sample (obtained
at ileocolonoscopy) showed resistance to any of the ﬁrst-line or
second-line anti-TB drugs. Multidrug-resistant TB (MDR TB)
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was deﬁned as resistance to at least rifampicin and isoniazid.
Extensive drug resistance was deﬁned as resistance to isoniazid
and rifampicin, plus any ﬂuoroquinolone, and at least one of the
three injectable second-line drugs (i.e. amikacin, kanamycin, or
capreomycin).
Microbiology. A Mycobacterial Growth Indicator Tubes
(MGIT) system (BACTEC MGIT 960 TB; Becton Dickinson
Biosciences, Sparks, MD, USA) was used for mycobacterial culture. In this automated system, processed specimens were inoculated into MGIT that contain 7 mL of modiﬁed Middlebrook as
liquid culture media, a growth supplement, and antimicrobial
substance. Tubes were incubated at 37 C for 6 weeks in automated MGIT instruments. At the bottom of the tube, there is a
ﬂuorescent compound embedded in silicone; this compound is
sensitive to dissolved oxygen in broth. As the actively growing
bacteria consume the dissolved oxygen, the ﬂuorescence is
unmasked and can be observed in the tube under long-wave
ultraviolet light. MTP64 antigen is used for conﬁrmation of the
MTB complex in the tubes.
Drug susceptibility testing was carried out on the MTB
growth in 1:10 dilutions with positive and negative controls. The
tested drugs and their critical concentrations (in μg/mL) were as
follows: streptomycin 1.0, isoniazid 0.1, rifampicin 1.0, ethambutol 5.0, pyrazinamide 100, kanamycin 2.5, ethionamide 5, pamino salicylic acid 4, oﬂoxacin 2, moxiﬂoxacin 0.5 and 2.0
(higher dose), amikacin 1, clofazimine 0.5, capreomycin 2.5, and
linezolid 1.0.
Statistical analysis. Descriptive analysis was performed for
demographic characteristics; results are presented as mean
(SD) and percentage for continuous variables, and number and
percentage for categorical variables.

Results
A total of 43 patients (mean age: 37 [SD: 30] years; 27 female
[52%]) were detected with culture-positive ITB during the study
period.

Table 2 Drug resistance pattern in individual patients
Sr. no.

Resistance

Treatment
received

1
2
3
4

INH, RMP, SM, moxiﬂoxacin, oﬂoxacin
INH
INH, RMP, ETM, ethionamide
INH, RMP, PZA, ETM, SM,
moxiﬂoxacin, oﬂoxacin, ethionamide
INH
INH
INH, RMP, PZA, ethionamide
INH, RMP, PZA, ETM, SM,
moxiﬂoxacin, oﬂoxacin,
ethionamide, PAS
INH, RMP, PZA, SM
PZA

Second-line ATT
First-line ATT
Second-line ATT
Second-line ATT

5
6
7
8

9
10

First-line ATT
First-line ATT
Second-line ATT
Second-line ATT

Second-line ATT
First-line ATT

ATT, anti-tubercular therapy; ETM, ethambutol; INH, isoniazid; PAS, pamino salicylic acid; PZA, pyrazinamide; RMP, rifampicin; SM,
streptomycin.

being most common (9 patients), followed by rifampicin (6), pyrazinamide (5), streptomycin and ethionamide (4 each), ethambutol, moxiﬂoxacin and oﬂoxacin (3 each), and p-amino salicylic
acid (1). Four patients (9.3%) showed resistance to a single drug,
three of them to isoniazid and one to pyrazinamide. The other six
(13.9%) were MDR. Resistance to each drug is mentioned in
Table 1.
Among the second-line drugs, ethionamide and ﬂuoroquinolone resistance was common (Table 2). These patients
received second-line anti-TB therapy depending on the pattern of
drug sensitivity.
No resistance was observed to amikacin, kanamycin, linezolid, clofazimine, and capreomycin. There was no patient with
extensive drug-resistant TB.

Discussion
Drug sensitivity and resistance pattern. Samples of
33 patients (76.7%) were susceptible to all drugs; 10 (23.2%)
showed resistance to at least one ﬁrst-line anti-TB drug, isoniazid

Table 1 Anti-TB drug resistance in patients with intestinal TB
Drug
Isoniazid
Rifampicin
Pyrazinamide
Ethambutol
Streptomycin
Moxiﬂoxacin
Ethionamide
p-Amino salicylic acid
Oﬂoxacin

Number of resistant patients†
9
6
5
3
4
3
4
1
3

†

Not mutually exclusive.
TB, tuberculosis.

Drug resistance in pulmonary TB is known. In a high-burden
country like India, 10–15% of patients are reported to be isoniazid resistant, while 2–3% are MDR.10 Single-drug resistance of
27% and multidrug resistance of 19% have been reported for
extra-pulmonary (glandular and pleural) TB.11 Data on presence
of resistance and its pattern in ITB are sparse.
Ye et al.9 from Korea identiﬁed resistance to at least one
anti-TB drug in 13 (17.6%) patients, and MDR TB was diagnosed in 2 (2.7%) of the 74 patients in whom drug susceptibility
testing was performed. We had earlier reported8 single-drug
resistance and multidrug resistance in three (25%) patients each
in ITB. The higher rates were probably due to the smaller number of patients in that analysis or due to true resistance pattern in
that population sample. Our current data are comparable to those
reported by Ye et al.,9 but show higher percentage of MDR cases
(Table 3). These rates are lower than that reported by Dusthackeer et al.11 in pulmonary (single-drug resistance in 23.8% and
MDR in 21%) and extra-pulmonary (27.5% and 19%,
respectively) TB.
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Table 3
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Reported anti-TB drug resistance rates in intestinal TB

Sample size
Pan susceptible
Single-drug
resistance
Multidrug resistance

Samant
et al.8

Ye et al.9

Current
study

12
6 (50%)
3 (25%)

74
59 (79.7%)
13 (17.6%)

43
33 (76.7%)
4 (9.3%)

3 (25%)

2 (2.7%)

6 (13.9%)

TB, tuberculosis.

Our report adds to the sparse data on resistance pattern in
ITB. We limited our analysis to cases of ITB, a condition that
closely mimics Crohn’s disease. This is however a single-center
study and in a predominantly urban population. Higher anti-TB
drug resistance rates in pulmonary TB have been reported from
urban than from rural populations. Almeida et al.1 reported 51%
resistance rate in pulmonary TB in Mumbai as compared with
2% in a rural center. They hypothesized that the difference was
due to less access to multiple drugs, and less likelihood of transmission of drug-resistant strains in rural areas with low population densities.
Studies from more centers, urban and rural, are needed to
obtain a more comprehensive estimate of the prevalence of drug
resistance in ITB. It is clear though that testing for drug sensitivity in patients with ITB will become increasingly imperative.
In conclusion, drug resistance in ITB is a cause for concern; 4 of 45 (9.3%) patients had single-drug resistance and 6 of
45 (13.9%) had multidrug resistance. Drug sensitivity should be
tested in all culture-positive cases.
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Abstract
Background and Aim: A lower dose requirement and higher toxicity of thiopurine is
reported in Asian patients with inﬂammatory bowel disease (IBD) as compared with
Caucasian patients. These reports are based on thiopurine methyltransferase measurement studies rather than metabolite estimation.
We studied the utility of thiopurine metabolite estimation in Indian patients with IBD
and compared dose and toxicity with Asian and Caucasian patients.
Methods: In this prospective study, 6-thioguanine nucleotide (6-TGN) and 6methylmercaptopurine levels were determined by HPLC in 76 IBD patients treated
with thiopurines. The levels were correlated with dose, disease activity, and toxicity.
The dose-related metabolite levels and toxicity were compared with Caucasian and
Asian patients reported in literature.
Results: Of the 76 patients (32 women, mean age: 35.9 [SD: 14.54] years, 36 Crohn’s
disease and 40 ulcerative colitis), 1 non-compliant patient had undetectable level of metabolites. Of the 75 patients, 21(28%) had therapeutic level of 6-TGN, 37(49%) had subtherapeutic level and 17(23%) had supratherapeutic level. The 6-methylmercaptopurine
levels ranged up to 4971 pmol/8 × 108 red blood cells. Six (8%) patients showed toxicity. Thiopurine dose was optimized in 20 (26.31%) patients. Dose-based metabolite
levels were comparable to Asian and Caucasian patients. The toxicity (8%) observed in
our patients was less than that reported (12–39%).
Conclusion: Half of the patients in this study had low and a quarter had high 6-TGN
levels. one-fourth of the patients needed dose modiﬁcation. The dose-based metabolite
levels were comparable and the toxicity was less than that reported in Asian and Caucasian patients.

Introduction
Inﬂammatory bowel disease (IBD) is a chronic, immunologically
mediated, often progressive disease in a genetically susceptible
host. The immunosuppressants, azathioprine (AZA) and 6mercaptopurine (6-MP), are used as a second-line therapy in
almost 60% of patients with IBD to induce and maintain
remission.1–6 The recommended dose of AZA is up to 2.5 mg/kg
and that of 6-MP is 1–1.5 mg/kg/day. The drug is metabolized
by multistep, multienzymatic pathways leading to wide interindividual variability. It is difﬁcult to clinically optimize thiopurine
therapy in IBD patients and 28% of patients have hepatotoxic
and myelotoxic adverse reactions, and 9% of patients are resistant to therapy.7–9
To optimize the drug, enzyme activity and molecular status
of the AZA and 6-MP metabolizing pathway are assessed. This
primarily includes thiopurine methyltransferase (TPMT) enzyme
activity and molecular status. The prevalence of TPMT mutation
is 10% in Caucasian, 2% in Southwest Asians, and 5% in Chinese.10 The prevalence of TPMT genetic variant in India is

reported to be up to 4.7%.11–13 Hence, the role of TPMT mutation
may not be very relevant amongst Asians. Recently, nucleoside
diphosphate-linked moiety X-type (NUDT-15) genetic variant has
been found to be signiﬁcantly associated with thiopurine toxicity
amongst Asians.14,15
In spite of the molecular screening, it is difﬁcult to predict
therapeutic efﬁcacy and hence estimation of thiopurine metabolites, 6-thioguanine nucleotide (6-TGN) and 6 methylmercaptopurine (6-MMP), is widely used. 6-TGN is an active metabolite
in majority of patients. Approximately 15% patients preferentially metabolize thiopurine toward 6-MMP (and are called shunters).16 A disproportionate increase in 6-MMP may result in poor
therapeutic efﬁcacy and predispose to hepatotoxicity. Ooi et al.
have suggested 6-MMP:6-TGN ratio >11 as a discriminator for
shunters. Identifying these shunters early in treatment followed
by dose escalation and addition of allopurinol have been reported
by them to be helpful in gaining desired response in 61% of their
patients.16 Several other studies have stated that optimal use of
thiopurine metabolite levels may improve the efﬁcacy of thiopurine therapy by 15–30%.17
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Thiopurines in Indian patients

It is reported that the thiopurine metabolism differs in
Asian patients who do not tolerate full dose of thiopurine.10,18–21
However, these studies were based on TPMT genotype and
activity rather than metabolite estimation.
We aimed to study the utility of thiopurine metabolite
measurement in Indian patients with IBD. We looked at the
levels of thiopurine metabolites and whether the metabolite estimations led to change in clinical management of the patients. We
also studied if Indian patients needed lower doses and had more
toxicity as compared with Caucasian patients and also compared
them with Asian studies reported in literature.

Methods
Patients. This was a prospective study conducted in Division
of Gastroenterology and Department of Biochemistry of the Hospital from September 2015 to March 2017. The study was
approved by the Institutional Review Board. Consecutive patients
with IBD on AZA or 6-MP, with active disease or patients with
stable disease who were considered for dose modiﬁcation were
included. Non-consenting patients were excluded. The patient’s
demographic details were entered in a prospectively maintained
database, which includes age, gender, disease onset, diagnosis,
investigations, treatment details, and follow up. The disease
activity was determined by clinical symptoms, stool examination,
C-reactive protein, stool calprotectin, and imaging: abdominal
ultrasound, computed tomography (CT) scan, and/or magnetic
resonance enterography. Seventy-three patients were on 5-ASA
(5-amino salicylic acid) therapy. TPMT and NUDT-15 genotype
status analyses were carried out for 37 and 12 patients, respectively. The patients who started on thiopurine before referral and
were tolerating the drug did not undergo TPMT genotype analysis. The change in the management after the thiopurine metabolite report was documented in the database.
Thiopurine metabolite measurement
Chemicals. 6-Thioguanine (6-TG), 5-bromouracil (5-BU) and
D, L-dithiothreitol (DTT) were obtained from Sigma Aldrich(St
Louis, MO, USA). 6-MMP was obtained from Santa Cruz Biotech (Dallas, TX, USA). Potassium dihydrogen phosphate, acetonitrile, and perchloric acid were obtained from Merck
(Kenilworth, NJ, USA). Milli Q water was obtained from Water
puriﬁcation system 2089 Model 27c Milli Q Biocell (Millipore,
Billerica, MA, USA).
Sample collection and storage. Blood was collected in ethylenediaminetetraacetic acid (EDTA) tubes. Red blood cells
(RBCs) were isolated by centrifugation at approximately 1740 g.
The plasma and buffy coat were separated and RBCs were
washed thoroughly with phosphate buffer saline (PBS). The cell
count was determined on Sysmex XN-2000 Model & Serial No:
1369/13640/11538 (Millipore) and samples were stored at −20 C
until analysis.22,23
Metabolite estimation. Thiopurine metabolite 6-TGN and
inactive metabolite 6-MMP were estimated using HPLC. The
stock standards for 6-TG and 6-MMP were prepared in
0.1 mol/L sodium hydroxide while internal standard 314 μmol/L
5-BU was prepared in milli Q water. These standards are stable
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for 4 weeks when stored at −20 C. Solution of 1.1 mol/L DTT
in milli Q water was prepared prior to use each time. Calibration
standards and controls were prepared by spiking pooled RBCs
with known concentration of 6-TG and 6-MMP.
Erythrocyte thiopurine metabolite levels were determined
by using acid hydrolysis.6 The RBC count in calibration standards, controls, and patients was normalized to 8 × 108 RBCs/
250 μL. Internal standard 5-BU (314 μmol/L) was added to reaction mix along with 1.1 mol/L DTT and milli Q water. After vortex mixing the samples, 70% perchloric acid was added to the
mixture. The samples were then centrifuged at 3000 g for
10 min and the supernatant was further hydrolyzed in boiling
water bath for 1 h. Hydrolysate was ﬁltered with 0.2-μm syringe
ﬁlters and 50 μL of it was injected into HPLC system.23,24
Chromatographic conditions. The samples were analyzed
using a binary HPLC pump Model No. 1525 connected to UV
detector model No. 2487 from Waters Corp, Milford, MA, USA.
For chromatographic separation of 6-TGN, 6-MMP, and 5-BU,
symmetry C18 column (Waters Corp; 150 × 3.9 mm; particle
size of 5 μm) was used as the stationary phase. The mobile phase
consisted of solution A (20 mmol/L KH2PO4 in 3% acetonitrile
pH: 3.5) and solution B (100% acetonitrile). The analytes were
eluted at a ﬂow rate of 1.1 mL/min with a linear gradient for
10.5 min followed by stabilization with mobile phase A. The column was maintained at 42 C. All the three analytes were estimated on UV detector by switching wavelengths between the
peaks within same run. 6-TGN was detected at 343 nm, 6-MMP
at 303 nm, and 5-BU at 280 nm.22
From the literature, 6-TGN level of 235–400 pmol/
8 × 108 RBCs was considered to be in therapeutic range. Inactive metabolite 6-MMP level of >5700 pmol/8 × 108 RBCs was
considered above the tolerable range.25
Statistical analysis. MedCalc Statistical Software version
16.8.4 (Ostend, Belgium) was used for statistical analysis.
Mann–Whitney test was used to compare non-parametric variables. Spearman’s rho test was used to assess correlation between
variables. All calculated P-values were two-sided and a value of
<0.05 was considered statistically signiﬁcant.

Results
Seventy-six patients (36 Crohn’s disease [CD] and 40 ulcerative
colitis [UC]; 32 women) with a mean age of 35.9 (SD: 14.54;
range: 8–73) years underwent thiopurine metabolite estimation.
The disease activity was as follows: active CD 33 patients
(13 women), active UC 28 patients (14 women), CD in remission
3 patients (3 women), and UC in remission 12 patients
(2 women).
Thiopurine metabolite level in study population.
Both metabolites showed a wide interindividual variability
(Fig. 1) with the level ranging from 56.4 to 1048 pmol/8 × 108
RBCs for 6-TGN and up to 4971 pmol/8 × 108 RBCs for 6MMP. One patient had undetectable 6-TGN and 6-MMP (she
admitted non-compliance on confrontation by the clinician). Of
the 75 patients, level of 6-TGN in therapeutic range was
observed in 21 (28%) patients while 37 (49%) had low level and
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Figure 1 Thiopurine metabolite levels in patients ( , active status ; , remission status).

17 (23%) had a high 6-TGN level. None of the patients had a 6MMP level in the toxic range. The metabolite levels and thiopurine dose in the study population are mentioned in Table 1.
Median (interquartile range [IQR]) 6-TGN level and dose in the
study population were 227 (212) pmol/8 × 108 RBCs and 1.36
(0.92) mg/kg body, respectively. Only four patients (5%) of our
study population had 6-MMP:6-TGN ratio > 11 suggesting minimal shunting.
Dose-based levels. We attempted to correlate the levels with
the dose <2 mg/kg (low dose) or >2 mg/kg (high dose). The
median (IQR) level in patients with low dose (n = 57) was
214 (232) pmol/8 × 108 RBCs. Amongst these patients, 31 had
low, 13 had therapeutic, and 13 had high 6-TGN level. The
median dose (IQR) in this group was 1.06 (0.69) mg/kg. Amongst
the patients with high thiopurine dose (n = 18), median (IQR) 6TGN level was 300 (176) pmol/8 × 108 RBCs. In this group,
there were eight patients with therapeutic, six with subtherapeutic,
and four with supratherapeutic level of 6-TGN. The median dose
(IQR) in these patients was 2.2 (0.22) mg/kg.
A Mann–Whitney U-test conducted to determine the difference in 6-TGN level between high- and low-dose IBD patients
indicated a statistical difference (P < 0.05), with 6-TGN level
being higher in high-dose patients. However, on Spearman rho
analysis, thiopurine dose and 6-TGN level showed a weak correlation (r = 0.316).
Disease status-based metabolite level. The patients
with active disease (n = 61) had high median (IQR) 6-TGN
level, that is 246 (250) pmol/8 × 108 RBCs while those in remission (n = 14) had 181 (116) pmol/8 × 108 RBCs. Mann–
Whitney U-test in these groups indicated that there was no difference (P > 0.05) in 6-TGN level.
Change in clinical management. Subsequent to metabolite testing, thiopurine dose was changed in 20 (26.31%) patients
while in the remaining 55 (75%) the dose was not altered for variable reasons. The drug was discontinued in 1 patient, the dose
was reduced in 8 patients, and increased in 11 patients.
Seventeen patients had high 6-TGN level. Complete cessation of drug was required in one patient who had very high 6TGN level, that is 910 pmol/8 × 108 RBCs, on a dose of

0.96 mg/kg body weight. Amongst the eight patients for whom
the dose was reduced, seven had high 6-TGN level ranging from
500 to 1048 pmol/8 × 108 RBCs and were on a dose ranging
from 1.25 to 2.51 mg/kg body weight. None of these patients
had cytopenia. One patient was on a dose of 2.5 mg/kg body
weight and had 6-TGN level of 324 pmol/8 × 108 RBCs. This
patient was clinically responding and had a low (<30 μg/g) level
of fecal calprotectin. His hemoglobin was low (9.8 g/dL) and
hence the dose was reduced. All the patients who had dose
reduction continued to maintain the earlier clinical status (six in
remission and two continued to have active disease and were
switched to biological therapy). Amongst the remaining eight
patients in whom dose was not changed, one underwent surgery
and was off medication while one patient had a dose reduction
only a week prior to the blood collection for metabolite estimation and hence was allowed to stabilize. Five patients had only a
marginal increase in 6-TGN level which was not associated with
any toxicity and hence dose was not altered while the remaining
one patient needed a subsequent dose reduction on further
follow up.
Subtherapeutic drug level was obtained in 37 patients. The
dose was increased in 11 patients of whom 9 had low 6-TGN
levels ranging from 58 to 220 pmol/8 × 108 RBCs with a dose
of 0.78–2.3 mg/kg body weight. Amongst these 11 patients,
7 showed therapeutic response, 3 were switched to biological
agents, and 1 could not afford biologic therapy. Of the remaining
26 patients, 17 were clinically stable and hence did not need dose
escalation, 4 were intolerant to higher dose while 1 had an infection due to which the dose could not be increased, 3 were noncompliant, and 1 underwent surgery.
Adverse events. Adverse events occurred in six patients
(8%) in the study group. These patients had cytopenia. Thiopurine was discontinued in four and reduced in two patients.
Amongst these patients, one had high 6-TGN level, four had
therapeutic, and one had subtherapeutic 6-TGN level. Analysis
for NUDT-15 gene variation could be performed only in two of
the six patients mentioned above. Both these patients had therapeutic 6-TGN level and were heterozygous for NUDT-15 variation. The 6-MMP levels in all our patients were within the limit
(<5700 pmol/8 × 108 RBCs). They also did not present with any
hepatotoxicity.
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Correlation of dose and 6-TGN levels
6-TGN level (pmol/8 × 108 RBCs)
Mean  SD

Study population
All patients
Drug levels
Therapeutic levels
Low levels
High levels
Disease type
CD
UC
Disease status
Active
Remission
Dose
Low dose
High dose
Clinical status
Clinical response
No clinical response

†

Dose (mg/kg)

Median (IQR)

Mean  SD†

Median (IQR)

298  233

227 (212)

1.4  0.6

1.36 (0.92)

295  45
132  59
664  188

288 (66)
139 (100)
616 (286)

1.56  0.61
1.22  0.6
1.58  0.5

1.53 (1.09)
1.06 (0.78)
1.5 (0.56)

328  267
272  200

246 (246)
217 (224)

1.34  0.6
1.38  0.6

1.17 (1)
1.37 (0.87)

312  245
236  164

246 (250)
181 (116)

1.38  0.59
1.46  0.63

1.25 (0.91)
1.4 (0.99)

288  240
330  211

214 (232)
300 (176)

1.13  0.41
2.24  0.2

1.06 (0.69)
2.2 (0.2)

288  240
312  233

223 (216)
234 (290)

1.37  0.6
1.43  0.6

1.3 (0.91)
1.36 (1.06)

†
Mean 6-TGN level and mean dose showed correlation of P < 0.05 in all subgroups.
6-TGN, 6-thioguanine nucleotide; CD, Crohn’s disease; IQR, interquartile range; RBC, red blood cell; UC, ulcerative colitis.

Discussion
Although thiopurines remain important second-line therapy in
patients with IBD, up to 60% of the patients do not respond to conventional dosing and about one-third develop myelotoxicity or hepatotoxicity.26 Optimal use of thiopurines may improve their
efﬁcacy by 15–30%.17 There is a poor correlation between weightbased dosing of thiopurines and 6-TGN and 6-MMP levels.26 Previous studies have suggested that Asian patients do not tolerate full
doses of thiopurines and have more toxicity.10,18–21 However, as
mentioned above, these studies were based on estimation of TPMT
genotype and activity rather than drug metabolites. Presently, prior
to administration of a thiopurine drug, TPMT (and in some Asian
centers, NUDT-15 genotype) testing is done and dose is adjusted
according to the TPMT genotype or activity status. In this study,
we estimated thiopurine metabolites in 76 patients with IBD and
compared the ﬁndings with previously reported studies.
The 6-TGN levels in our patients showed wide variability.
The levels did show an overall correlation with drug dose; however, there was a wide variability in individual cases. A high 6MMP level predisposes to the risk of hepatotoxicity.8 None of
our patients had 6-MMP level >5700 pmol/8 × 108 RBCs or
hepatotoxicity. Increased shunting, that is 6-MMP:6-TGN ratio >
11, was observed only in four (5%) of our patients while Ooi
et al. have reported 39% shunters amongst Australians.16 The
variation may be due to larger sample size (n = 343) in their
study or a population difference.
The median dose (IQR) in this study was 1.36 (0.92)
mg/kg. At this dose, a high 6-TGN level was obtained in 23% of
patients, 49% had subtherapeutic level while 28% had a therapeutic level. The other studies in literature where measurement
of thiopurine metabolites has been performed are shown in
Table 2.27–35 The comparison of different studies is complicated
28

by the fact that some have used mean, whereas others have used
median dose and drug levels.
Two Australian studies used a median dose of 2 mg/kg. In
both these studies, 52% and 72% were in subtherapeutic
range.28,30 In one of these studies by Goldberg et al.,28 mean 6TGN level was 273 pmol/8 × 108 RBCs. In a study from USA
by Dassopoulos et al., the mean dose in patients with normal
TPMT activity was 2.5 mg/kg and the mean 6-TGN level was
230 pmol/8 × 108 RBCs.35 In our study, patients who received
the dose of >2 mg/kg (n = 18) (median thiopurine dose of
2.2 mg/kg), median (IQR) 6-TGN level was 300 (176) pmol/
8 × 108 RBCs and mean (SD) 6-TGN level was 330 (211) pmol/
8 × 108 RBCs. In this group, 8 of 18 patients had therapeutic
and 6 patients had subtherapeutic and 4 patients had supratherapeutic level of 6-TGN.
A dose of 1.8 mg/kg body weight was used by Gilissen
et al. in the Dutch population. At this dose, median 6-TGN level
was 235 pmol/8 × 108 RBCs and approximately 50% of the
patients were in subtherapeutic range.33 Gupta et al. from the
USA used a mean dose of 1.5 mg/kg of AZA in patients with
active disease and 1.3 mg/kg body weight in patients with remission. At this dose, median 6-TGN level was 213 pmol/8 × 108
RBCs in active disease and 173 pmol/8 × 108 RBCs in patients
with remission.29 A still lower dose, that is 1.2 mg/kg body
weight, was used by Koreans, wherein the mean 6-TGN level
was 328 pmol/8 × 108 RBCs.34 In our study, patients on low
dose of AZA (mean dose: 1.13 mg /kg, n = 57) had mean 6TGN level of 288  240 pmol/8 × 108 RBCs and median 6TGN level of 217 (224) pmol/8 × 108 RBCs. At this dose,
55.18% had subtherapeutic level and 22.41% had each therapeutic and supra-therapeutic 6-TGN level. From these studies, we
can interpret that the dose in Indian population is not different
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56 Pediatric
patients and
326 metabolite
measurements
216
92
100
109
69

Ooi30

NA
NA
1.8
1.2
1 mg/kg
intermediate
TPMT activity
2.5 mg/kg normal
activity
1.4
1.36

NA
1.25
NA
NA
NA

NA

NA

1.3 in remission
2

NA
NA

Median
dose
(mg/kg)

2
1.5 in active

Mean
dose (mg/kg)

8

25.9
39
NA
34.8
11.59

21.4

18
14.85

Toxicity
(%)

49

50

72

52

Low 6-TGN
levels (%)

28

50

28

34

Therapeutic
6-TGN
levels (%)

23

14

High
6-TGN
levels (%)

6-MMP, 6-methylmercaptopurine; 6-TG, 6-thioguanine; 6-TGN, 6-thioguanine nucleotide; TPMT, thiopurine methyltransferase.

Parkar (present
study)

76

169
101

Goldberg28
Gupta29

Gearry31
Dubinsky32
Gilissen33
Kim34
Dassopoulos35

Number of
patients

Comparison of various reported studies on thiopurine metabolites

First author

Table 2

298

230

328

273

Mean
6-TGN
level

227

235

160
(10–732)

173

213

875

3407

Undetectable
in 60%
19% of
patients > 5700

Median
Mean
6-TGN level 6-MMP

2/101 Patients had
hepatotoxicity
Pediatric
population

Comments
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from Asian and Western populations, although there are some
variations.
Irrespective of the dose used in all these studies, the therapeutic level was attained in 28–50%, majority of patients
(49–72%) had subtherapeutic level and 14–20% had supratherapeutic level.
Adverse events. In our study, thiopurine toxicity was seen
in six (8%) patients, which is the lowest amongst the studies
stated in Table 2. The reported toxicity in these studies varied
between 12% and 39%. In our study, only one patient had high
6-TGN level and the remaining had normal or low level. NUDT15 genotype status was available for two patients. Both these
patients had 6-TGN levels in therapeutic range and were heterozygous for NUDT-15 genotype, suggesting this genotype status
to be a contributor to drug toxicity.
Does thiopurine metabolism differ in Asian as compared
to Caucasian? Do Asian patients need a different dose of thiopurines? Are they more susceptible to thiopurine toxicity?
There are clearly some differences in Asian as compared
with Caucasians concerning thiopurine metabolism. Asians are
less likely (approximately 3%) to have TPMT mutation as compared with Caucasians (10%).10 In Asians, NUDT-15 mutation is
more relevant for thiopurine-induced toxicity than TPMT (risk
allele frequency of 0.2% in Europeans,36 7.2% in Indians,15 8.5%
in Thai,37 10.2–16.3% in Japanese,38 11.6% in Taiwanese,39 and
23.2% in Koreans14). Although it is said that Asian patients need
a lower dose, almost half of our patients (31/57) on low dose and
5 of 17 on high dose (>2 mg/kg body weight) had subtherapeutic
level. Many patients with high level tolerated this metabolite
level. It is previously reported that Asians have higher likelihood
of thiopurine toxicity.21,34 We had lowest toxicity as compared
with that reported in the literature and did not observe any
hepatotoxicity.
In conclusion, this study showed a wide variability in 6TGN level, with minimal 6-MMP shunting. Level of 6-TGN in
therapeutic range was observed in 21 (28%) patients while
37 (49%) had low levels and 17 (23%) had high 6-TGN level.
None of the patients had 6-MMP level in the toxic range. Based
on metabolite levels and clinical condition, dose was modiﬁed in
about one-fourth of patients. The comparison of dose-based
levels with prior reported studies in the West and Asia showed
no difference in metabolite levels. The thiopurine toxicity in this
study was low (8%) as compared with Caucasians and
Asians (12–39%).
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Abstract
Background and Aim: Ulcerative colitis (UC) patients have several extraintestinal
and systemic manifestations. As studies on the frequency and predictors of pulmonary
involvement in patients with UC are inconsistent, we undertook this prospective
study.
Methods: Eighty-seven patients with UC (in remission 49, 56.3%, active disease
38, 43.6%, median age: 40 years, range: 16–66, 55, 62.2% males) and 50 healthy
controls (median age: 38 years, range: 14–69, 34, 68% males) underwent pulmonary
function tests (PFTs) including forced expiratory volume in 1 s (FEV1), forced vital
capacity (FVC), Tiffeneau value (FEV1/FVC), mid-expiratory ﬂow rate, and diffusion
lung capacity for carbon monoxide with spirometer.
Results: Subjects with UC and control were comparable in age and gender. PFT was
abnormal in 24 (27.5%) patients (active disease 15/38, 39.4%, remission 9/49, 18.4%)
and 1 (2%) control (P < 0.005). Of the 24 patients with abnormal PFT, small airway,
restrictive, and obstructive defects were detected in 12 (50%), 11 (45.8%), and
1 (4.2%) patients, respectively. Patients with abnormal PFT more often had active disease (15/24, 62.5% vs 23/63, 36.5%; P = 0.03). No relation of PFT abnormalities was
found with age, sex, duration of disease, body mass index, serum albumin, and hemoglobin levels, and other extraintestinal manifestation (arthritis/arthralgia) and drugs
used to treat UC.
Conclusion: UC patients with active disease have abnormal pulmonary functions with
predominant involvement of small airways. Active UC was more often associated
with abnormal PFT than the disease in remission.

Introduction
Lung involvement in ulcerative colitis (UC), ﬁrst reported in
1976,1 has been increasingly reported in recent years. Since its
ﬁrst report, abnormal pulmonary function tests (PFTs) have been
reported in 17–55% patients with UC,2–6 including a decrease in
gas transfer factor (diffusion lung capacity for carbon monoxide
[DLCO]),7,8 elevated functional residual capacity (FRC),9
decrease in maximal mid-expiratory ﬂow rate (MEFR),10 or an
increased frequency of bronchial hyperresponsiveness11; however, in some studies, no abnormalities in PFT were found.10,12
Various respiratory abnormalities reported in patients with UC
include obstructive and interstitial lung disease,13 small and large
airway disorders,14,15 increase in bronchial sensitivity,11 bronchitis, bronchiectasis,16,17 and bronchiolitis oblitrans.18 Thus, it is
important that respiratory manifestations are recognized and treated early. Otherwise, these may lead to irreversible changes in
the airway wall or the end-stage lung disease.
However, information about the types of respiratory dysfunction, their relation with disease activity, and factors inﬂuencing pulmonary dysfunction in patients with UC is insufﬁcient
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and inconsistent. Also, little data are available from India regarding pulmonary function abnormalities in patients with UC.19–21
Accordingly, we undertook a study with the following
aims: (i) to evaluate the frequency and type of pulmonary dysfunction in patients with UC and (ii) to evaluate the predictors of
abnormal pulmonary functions.

Methods
Patients. Eighty-seven patients with UC (diagnosis based on
characteristic clinical features, colonoscopy and histopathological
examination of colonic mucosa, and exclusion of infective cause)
attending the Gastroenterology outpatient of a multilevel teaching
hospital in northern India were subjected to PFT after obtaining
informed consent. Detailed clinical history including demographic proﬁle, duration, disease severity, activity, and clinical
course was recorded.
Patients with major surgical operation and skeletal
abnormalities in the thorax, history of asthma or familial atopy,
peripheral eosinophilia, previous lung disease, active smoking,
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chronic obstructive pulmonary disease (COPD), signs of pulmonary infection, end-stage renal disease (ESRD), coronary artery
and valvular heart diseases, morbid obesity (body mass index
[BMI] > 35 kg/m2), pregnancy, age < 14 or >70 years, use of
non-steroidal anti-inﬂammatory drugs, and lack of compliance in
performing PFT were excluded from the study.
Duration of disease. The duration of the disease was
deﬁned as the period between the date of onset of symptoms and
the date of PFT.
Disease activity. Patients were divided into two groups
depending on the activity of UC, one with active disease and the
other in remission. Patients with active disease were classiﬁed as
mild, moderate, or severe as per Truelove score.22 This score
includes stool frequency, occurrence of blood in stools, fever,
hemoglobin (Hb) levels, and erythrocyte sedimentation rate
(ESR). Patients were considered in clinical remission if they had
one or two stools a day without blood, no fever, or tachycardia,
along with normal Hb determinations and ESRs.23
Extent of disease. Extent of the disease was assessed on
colonoscopy as proctitis, left-sided colitis, or pancolitis. Proctitis
was deﬁned as involvement of the rectum only, left-sided colitis
as left colon up to splenic ﬂexure and pancolitis as extensive disease beyond splenic ﬂexure.
Healthy controls. A group of age- and sex-matched healthy
controls was taken from the general population. PFT was done in
all of them.
Ethical considerations. Written and informed consent was
taken from all the patients and controls. The study protocol was
approved by the ethics committee of the institution.
Pulmonary function test. Pulmonary function testing
were performed with spirometer (2010 Ganshorn, Medizin Electronic GmbH Industries, Trasse 6-8, 97618, Nieder Lauer, Germany. Software version LF 8.5) to measure the predicted forced
vital capacity (FVC), the predicted forced expiratory volume in
1 s (FEV1), and their ratio (FEV1/FVC) as well as mean expiratory volume 25–75 (MEV25–75). A minimum of three acceptable
and reproducible maneuvers were obtained, according to standard
recommended by American Thoracic Society. Results were
expressed as percentage of normal for gender, age, and height
(percent predicted). DLCO was measured by single breath test24
(2010 Ganshorn, Medizin Electronic GmbH Industries, Trasse 68, 97618. Software version LF 8).
The individual results were classiﬁed as normal, restrictive, obstructive, or small airway disease as per the American
Thoracic Society guidelines for PFT.25 Normal physiology was
deﬁned by all measurements being >80% predicted, a restrictive
defect as a reduced (<80% predicted) FVC with an FEV1/FVC
ratio of >70% predicted or reduced DLCO (<80% predicted),
and an obstructive defect as a reduced FEV1 with a normal FVC
and a low FEV1/FVC ratio (<70% predicted). Small airway disease was deﬁned as reduced FEV1 (<70% predicted), low FEV1/
FVC (<70% predicted) ratio, and reduced MEF25–75 (<60%
predicted).
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Statistical analysis
Sample size calculation. Assuming frequency of abnormal
PFT among subjects with UC and healthy controls to be 20%
and 4%, respectively, sample size was calculated considering 1.5
cases for every control with two-sided conﬁdence interval of
95% and power of 80% with P-value of <0.05 as signiﬁcant;
number of cases and controls needed were 72 and 48, respectively. For calculation of sample size, EpiInfo software version 7 (Center for Disease Control and Prevention, Atlanta, GA, USA)
was used.
Data analysis. Statistical analysis was performed using SPSS
version 15 (SPSS, Inc., Chicago, IL, USA). Continuous data
were expressed as median and range. Continuous and categorical
variables were analyzed using Mann–Whitney U-test and chisquare test with Yates’ correction as applicable, respectively.
Intergroup comparison of more than two variables was performed
using Kruskal–Wallis H-test. Spearman or Pearson correlation
coefﬁcient was used to ﬁnd out the relationship between the two
continuous variables depending on distribution of the data.
P-values <0.05 were considered signiﬁcant.

Results
Demographic and clinical characteristics of UC
patients and controls. Table 1 summarizes demographic,
clinical, and laboratory parameters of patients with UC (n = 87)
and control (n = 50). Patients with UC and healthy controls were
comparable in age (median: 40 years, range: 16–66 and median:
38 years, range: 14–69; P = 0.7) and gender (male 55, 63.2%
and 34, 68%; P = 0.5). Duration of disease was 48 (range:
1–240) months. Forty-nine (58.6%) patients had active disease,
12 (arthralgia in 3 and arthritis in 9) had peripheral arthritis/
arthralgia as extraintestinal manifestation of UC. Three patients
were ex-smokers and the others were non-smokers. All controls
were non-smokers. None of our patients had an occupational or
family history of respiratory disease, atopy, or had major abdominal or thoracic surgery. No patient had any signiﬁcant abnormality on chest radiograph.
PFT in UC patients. Twenty-four (27.6%) UC patients but
only 1 (2%) control showed abnormal PFT (P < 0.01). Of the
24 patients with abnormal PFT, small airway, restrictive, and
obstructive defects were detected in 12 (50%), 11 (45.8%), and
1 (4.2%) patients, respectively. UC patients had signiﬁcantly low
FEV1, FEV1/FVC, MEF25–75, peak expiratory ﬂow rate (PEFR),
and DLCO values compared with controls (P < 0.05) as shown
in Table 1. PFT values were abnormal in 3 of 24 (12.5%), 15 of
42 (35.7), and 6 of 21 (28.6%) patients with proctitis, left-sided
colitis, and pancolitis, respectively, as shown in Table 2. Of the
24 patients with abnormal PFT, 5 had symptoms (chronic cough
in 3 and dyspnoea on exertion in 2).
Relationship between disease activity, extent of
colitis, extraintestinal manifestations, treatment
and nutrition status, and PFT. The demographic, clinical, and laboratory parameters of UC patients with normal and
abnormal PFT are shown in Table 2. In patients with abnormal
PFT, 15 (62.5%) had active disease while 9 (37.5%) were in
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Demographic, clinical, laboratory parameters, and PFT of patients and controls

Parameters

Age (years), median (range)
Sex (males), n (%)
Mean duration of disease (months)
Drugs
ASA (%)
Steroids (%)
Azathioprine (%)
Methotrexate (%)
Sulfasalazine (%)
Extent of disease
Proctitis (%)
Left-sided colitis (%)
Pancolitis (%)
Disease activity
Remission (%)
Relapse (%)
Mild (%)
Moderate (%)
Severe (%)
Hemoglobin (g/dL)
Albumin (g/dL)
BMI (kg/m2), median (range)
Abnormal PFT, n (%)
FEV1 median (range)
FEV1/FVC median (range)
FVC median (range)
MEF25–75 median (range)
PEFR median (range)
DLCO median (range)

Patients
(n = 87)
40 (16–66)
55 (63.2)
48 (1–240)

Healthy controls
(n = 50)

P-value

38 (14–69)
34 (68)

0.70
0.57

23.1 (15.9–34.9)
1 (2)
98 (71–181)
91 (80–118)
92.5 (80–145)
91.5 (67–176)
96.5 (70–140)
122 (82–213)

0.83
<0.01
0.000
0.048
0.005
0.000
0.000
0.000

78 (89.7)
39 (44.8)
16 (18.4)
2 (2.3)
9 (10.3)
24 (27.6)
42 (48.3)
21 (24.1)
49 (58.6)
38 (41.4)
6 (15.8)
9 (23.7)
23 (60.5)
11.8 (5.3–17.2)
3.9 (1.6–4.9)
20.9 (14.8–34.2)
24 (27.6)
89(51–171)
86 (63–120)
87 (49–145)
77 (24–176)
79(38–122)
108 (68–213)

Mann–Whitney U-test for continuous data and chi–square test for categorical data. All continuous data are presented as median and range. For categorical data, ﬁgures within parenthesis indicate percentages.
ASA, amino salicylic acid; BMI, body mass index; DLCO, diffusion lung capacity for carbon monoxide; FEV1, forced expiratory volume in 1 s; FVC,
forced vital capacity; MEF, mean expiratory ﬂow, PEFR, peak expiratory ﬂow rate; PFT, pulmonary function test.

remission (P < 0.03). Patients with proctitis tended more often to
have normal than abnormal PFT (12.5% vs 33.3%; n = 0.06;
Table 2). Nutritional status (BMI, serum albumin, and Hb) was
not signiﬁcantly different in patients with normal and abnormal
PFT. Of the 87 patients with UC, 12 (13.8%) had peripheral joint
arthralgia/arthritis. Frequency of abnormal PFT was comparable
among patients with or without arthralgia/arthritis (4/24, 16.6%
vs 8/55, 14.5%; P = ns). There was no relationship between
treatment of UC with different drugs and abnormal PFT
(Table 2).
UC patients with active disease and remission.
Patients with active disease were comparable in age, gender, and
duration of disease with patients in remission. There was no signiﬁcant difference in FEV1, FEV1/FVC, MEF25–75, PEFR, and
DLCO (P > 0.05) among patients with UC with active disease or
in remission (Table 3), although different from controls (Fig. 1).

Discussion
In the present study, we found that (i) patients with UC more
often had abnormal PFT in comparison to healthy controls,
34

(ii) patients with abnormal PFT more often had small airway
involvement, and (iii) impairment of PFT was related to the
activity of the disease.
Patients with UC are known to have several extraintestinal
manifestations including pulmonary involvement. Douglas et al.26
found PFT abnormalities in 32% of patients with UC. However,
most of the patients in their study were smokers. In our study, all
participants were non-smokers or ex-smokers (3 out of 87) and
thus any possible negative impact of smoking on PFT results was
negligible. Sethy et al.19 and Tzanakis et al.14 also found deranged
PFT in 17% (n = 85) and 27% (n = 51) patients with UC.
We found that UC patients had signiﬁcantly lower DLCO
as compared with controls. The reduction in DLCO may indicate
an involvement of the lung parenchyma. This observation indicates that subclinical interstitial lung disease may be present in
patients with UC as it is known that a reduction in the diffusing
capacity of the lungs is a common and early manifestation of
interstitial lung disease.27 The observed reduction in DLCO in
our study might well be consistent with the presence of a subclinical alveolitis28 supporting the hypothesis of the migration of
an inﬂammation via the bloodstream, from the intestine into both
lung parenchyma and airway mucosa.29
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Table 2 Demographic, clinical, and laboratory parameters of ulcerative colitis patients with abnormal and normal PFT
Parameters

Age (years), median (range)
Sex (males), n (%)
Median duration of disease (months)
Extent of disease
Proctitis (%)
Left-sided colitis (%)
Pancolitis (%)
Severity of disease
Remission (%)
Active (%)
Mild (%)
Moderate (%)
Severe (%)
BMI (kg/m2)
Albumin (mg/dL)
Hemoglobin (g/dL)
Treatment of the disease
5-ASA
Salazopyrine
Azathioprine
Methotrexate

PFT abnormal
(n = 24)

PFT normal
(n = 63)

P-value

36 (18–56)
16 (66.6)
48 (1–180)

41 (16–66)
39(64.9)
48 (6–240)

0.677
0.805
0.426

3 (12.5)
15 (62.5)
6 (25)

21 (33.3)
27 (42.9)
15 (23.8)

0.06
0.149
0.908

9 (37.5)
15 (62.5)
1 (4.2)
5 (20.8)
9 (37.5)
23.05 (15.9–34.9)
3.75 (1.7–4.8)
11 (6.7–15.3)
21
3
4
0

40 (63.5)
23 (36.5)
5 (7.9)
4 (6.3)
14 (22.2)
20.8 (14.8–34.2)
3.9 (1.6–4.9)
11.8 (5.3–17.2)
57
6
12
2

0.033
0.033
0.371
0.444
0.773
0.784
0.604
0.409
0.475
0.475
0.533
0.522

Mann–Whitney U-test for continuous data and chi–square test for categorical data. All continuous data are presented as median and range. For categorical data, ﬁgures within parenthesis indicate percentages
ASA, amino salicylic acid; BMI, body mass index; PFT, pulmonary function test.

Table 3 Clinical proﬁle of patients in remission and active colitis
Parameters

Remission
(n = 49)

Active colitis
(n = 38)

Age (years), median (range)
Sex (males), n (%)
Mean duration of disease (months)
Abnormal PFT, n (%)
Obstructive pattern, n (%)
Small airway disease, n (%)
Restrictive pattern, n (%)
FEV1 (%), median (range)
FEV1/FVC (%), median (range)
FVC (%), median (range)
MEF25–75 (%), median (range)
PEFR median (%) (range)
DLCO (%), median (range)
MEF25 (%), median (range)
MEF75 (%), median (range)
BMI (kg/m2)
Hemoglobin (g/dL)
Albumin (g/dL)

40 (16–62)
33 (67.3)
48 (6–280)
9(18.4)
0
7 (77.8)
2 (22.2)
89 (54–171)
84 (66–120)
87 (65–145)
77 (24–176)
82 (49–122)
112 (80–213)
69 (23–261)
81 (25–131)
21.8 (15.4–34.2)
12.9 (5.3–17.2)
4 (2.1–4.9)

37(16–66)
22(57.9)
36 (1–240)
15 (39.5)
1 (6.7)
5 (33.3)
9 (60)
86.5 (51–124)
88 (63–100)
83 (49–128)
77.5 (33–135)
75.5 (38–108)
105 (68–143)
63.5 (33–138)
76 (35–140)
19.5 (14.8–29.5)
10.6 (6.7–13.8)
3.35 (1.6–4.5)

P-value

0.768
0.380
0.548
0.033
1.000
0.089
0.105
0.504
0.779
0.271
0.745
0.086
0.221
0.784
0.346
0.057
0.000
0.000

Mann–Whitney U-test for continuous data and chi–square test for categorical data. All continuous data are presented as median and range. For categorical data, ﬁgures within parenthesis indicate percentages.
BMI, body mass index; DLCO, diffusion lung capacity for carbon monoxide; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; MEF,
mean expiratory ﬂow; PEFR, peak expiratory ﬂow rate; PFT, pulmonary function test.

Small airway function (decreased MEF25–75) was signiﬁcantly impaired in patients with UC as compared with controls in
our study. Tzanakis et al.5 found alteration in the function of

small airways independent of the presence of atopy in patients
with UC even without pulmonary symptoms. Mild airway inﬂammation, secondary to the primary inﬂammation of the intestinal
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Figure 1 FEV1, FEV1/FVC, MEFR, and DLCO in patients with remission ( ), relapse ( ), and control ( ). FEV1 ([remission vs controls, P = 0.003],
[relapse vs controls, P = 0.001] and [remission vs relapse, P = 0.504]). FEV1/FVC ([remission vs controls, P = 0.005], [relapse vs controls, P = 0.049]
and [remission vs relapse, P = 0.595]). MEFR ([remission vs controls, P = 0.00], [relapse vs controls, P = 0.00] and [remission vs relapse,
P = 0.745]). DLCO ([remission vs controls, P = 0.007], [relapse vs controls, P = 0.002] and [remission vs relapse, P = 0.784]). DLCO, diffusion lung
capacity for carbon monoxide; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; MEFR, mid-expiratory ﬂow rate.

mucosa, could explain the alteration in the small airways seen in
our study. Changes in the bronchial epithelium, consisting of
basal cell hyperplasia, basement membrane thickening, submucosal inﬂammation, and an overall increase in thickness of the epithelium, have been reported in bronchial biopsies from patients
with UC and coexisting bronchial suppuration.30
All UC patients, whether active or in remission, had
abnormal PFT as compared with healthy subjects in our study.
Thus, it may suggest that patients, even after remission of UC,
may continue to have deranged PFT. Also, in our study, FEV1,
FEV1/FVC, MEFR, and DLCO were signiﬁcantly decreased in
patients with active or inactive disease as compared with controls. Patients with active disease had lower PEFR and DLCO
than in inactive disease, although not statistically signiﬁcant.
Herrlinger et al.11 and Mohamed-Hussein13 also found that FEV1
and FVC signiﬁcantly decreased in patients with active disease
as compared to those with an inactive disease. In another study,
Fehmi et al.15 found signiﬁcantly decreased FEV1, FVC, and
DLCO when PFT in the active and in remission phases in the
same patient was compared with control.
Among the patients with deranged PFT, 1 (4.2%) had
obstructive, 12 (50%) had small airway disease and 11 (45.8%)
had a restrictive pattern of lung involvement. Sethy et al.21
reported restrictive pattern and small airway disease in 16% and
8% of UC patients (n = 51) with abnormal PFT. Godet et al.9
also found PFT abnormalities, obstructive pattern, abnormal
DLCO, and restrictive pattern in 53%, 22.7%, 28.8%, and 1.5%,
of patients with UC, respectively. In an Indian study of 27 of
95 (28.5%) patients with inﬂammatory bowel disease (83 UC
36

and 12 Crohn’s disease), small airway obstruction was seen in
18, restrictive defect in 6, and mixed defect in 3 patients.31 Our
results are somewhat in accordance with that study.31
A higher number of patients with disease limited to rectum had normal PFT (33.3% vs 12.5%; P = 0.06) in our study.
This can be explained by higher chances of lung involvement
by an inﬂammatory process as the extent of UC increases from
rectum to the whole colon. Data on the relationship between
the extent of UC and PFT abnormalities are scanty in the literature. Hence, more studies with higher number of patients are
needed to know the inﬂuence of disease extent on pulmonary
functions.
In contrast to our study that showed a lack of relationship
between BMI and PFT results, Herrlinger et al. found weak correlation between inspiratory vital capacity (r = 0.25, P < 0.05)
and BMI but not for FEV1 (r = 0.18, P < 0.89) and DLCO
(r = 0.24, P < 0.20).3
Patients with severe disease activity may perform worse
on PFT due to general sickness and fatigue. Apart from poor
compliance in performing the tests being an exclusion criterion
in our study, patients in remission without clinical symptoms performed signiﬁcantly worse than healthy controls. This is a strong
argument on the inﬂuence of the disease on pulmonary function
and strengthens the hypothesis that the observed abnormalities in
lung function tests represent a real extraintestinal manifestation of UC.
Limitation of our study is lack of high resolution CT scan
of thorax in patients with abnormal PFT, which may have further
characterized the respiratory abnormality. Also, long-term
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follow-up of patients with abnormal PFT is required to know
whether they develop clinically signiﬁcant lung disease or endstage lung failure.
We conclude that about one-fourth of patients with UC
have abnormal PFT. The impairment of pulmonary functions correlates with the activity of the disease. Pathophysiological
mechanisms and clinical relevance need to be studied further.
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5 Yilmaz A, Yilmaz Demirci N, Hoşgün D et al. Pulmonary involvement in infammatory bowel disease. World J. Gastroenterol. 2010;
16: 4952–7.
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Abstract
Background and Aim: Bowel preparations with polyethylene glycol (PEG) and clear
ﬂuids are often poorly tolerated. We compared an innovative low-residue White Diet
and low-volume, split-dose Picosalax with the standard preparation at our institution
of day-before clear ﬂuids and combination PEG plus sodium picosulfate/magnesium
citrate (SPMC).
Methods: Adults undergoing morning colonoscopy were randomized to either the
White Diet and split-dose, two sachets of Picosalax (WD/PICO) or day-before clear
ﬂuids and 1-L PEG plus two sachets of SPMC (CF/PEG + SPMC). The primary endpoint was successful bowel preparation deﬁned by an Ottawa bowel preparation
score ≤ 6. An intention-to-treat analysis with a predeﬁned non-inferiority margin of
15% was used to compare efﬁcacy.
Results: A total of 250 patients were randomized (125 WD/PICO and 125 CF/PEG +
SPMC). WD/PICO was non-inferior to CF/PEG + SPMC for successful bowel preparation by intention-to-treat analysis (58% WD/PICO vs 62% CF/PEG + SPMC, 95%
CI: −14.2 to 6.2%) and per-protocol analysis (64% WD/PICO vs 65% CF/PEG +
SPMC, 95%CI: −11.3 to 9.4%). Patients in the WD/PICO group reported greater satisfaction with the diet (P < 0.001), greater ease of following the diet (P < 0.001), and
improved experience compared with prior colonoscopy (P < 0.0001), less bloating
(P = 0.02), less weakness (P = 0.046), less hunger (P < 0.0001), and less interference
with daily activities (P = 0.001). Procedure/withdrawal times and adenoma detection
rates were similar between groups.
Conclusion: Bowel preparation with the White Diet and low-volume, split-dose Picosalax was preferred and better tolerated without detriment to bowel preparation success
compared with clear ﬂuids and combination PEG plus SPMC for morning colonoscopy.

Introduction
Colonoscopy has been shown to reduce colorectal cancer (CRC)
morbidity and mortality,1–3 but the procedure requires high-quality
bowel preparation. Many standard bowel preparations consist of
large volumes of poorly palatable laxatives which many patients
are unable to tolerate due to nausea, vomiting, bloating, and headache. Poor tolerance of the bowel preparation may reduce compliance and completion of the bowel preparation and adversely affect
the ﬁnal bowel cleanliness. To improve tolerability and compliance,
low-volume bowel preparations such as Picosalax are increasingly
38

used with improved tolerability and comparable efﬁcacy to polyethylene glycol (PEG) bowel preparation.4–6
Sodium picosulfate/magnesium citrate (SPMC) preparations contain two active ingredients with different mechanisms of
action; sodium picosulfate is a stimulant laxative and magnesium
oxide combined with citric acid acts as an osmotic laxative.7
Combination preparations with PEG plus SPMC may be better
tolerated than high-volume PEG alone8 and are standard practice
in many Australian hospitals and endoscopy centers. Several randomized controlled trials and a meta-analysis conﬁrm that
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splitting the bowel preparation dose between the day prior and
the day of the procedure results in both improved bowel cleansing and patient tolerance compared with day-prior regimens.9–12
In addition to the type and timing of the cleansing agent
used, diet may inﬂuence the tolerability and quality of bowel
preparation. Typically, patients are instructed to take a clear ﬂuid
diet the day prior to colonoscopy because high-ﬁber foods may
impair bowel preparation. Recent randomized trials, however,
suggest that a low-ﬁber diet13 or even regular diet14 the day
before colonoscopy with split-dose bowel preparation is associated with better tolerance of the preparation and comparable or
better colon cleansing compared with a clear ﬂuid-only diet. The
White Diet is a novel, low-residue diet of white-colored foods,
which is better tolerated without detriment to bowel preparation
quality compared to a clear ﬂuid diet in patients undergoing
colonoscopy.15
As part of the implementation of “state-of-the-art” bowel
preparation strategy at our institution, the aim of this prospective,
single-blinded, randomized, non-inferiority trial was to determine
whether an innovative low-residue White Diet and low-volume,
split-dose Picosalax is better tolerated, but with comparable
bowel preparation quality, to the standard preparation at our
institution of day-before clear ﬂuids and combination PEG plus
SPMC for morning colonoscopy.

Methods
Study design. This was a prospective, randomized, singleblinded, non-inferiority trial comparing bowel preparation
with the White Diet and low-volume, split-dose Picosalax
with day-before clear ﬂuids and combination PEG plus SPMC
for morning colonoscopy. The study was carried out at a single tertiary referral hospital (The Alfred Hospital, Melbourne,
Australia). The Human Ethics Committee at The Alfred Hospital approved the study protocol and all subjects gave written
informed consent. The study was prospectively registered with
the Australian New Zealand Clinical Trials Registry
(ACTRN12613000765729).
Study population. Consecutive patients having outpatient
morning colonoscopy were invited to take part in the study from
April 2013 to November 2014. Inclusion criteria were adult
patients (aged ≥18 years) undergoing colonoscopy for clinically
accepted indications. Exclusion criteria included severe renal
impairment (estimated glomerular ﬁltration rate < 30), severe
heart failure (New York Heart Association Class III or IV), and
conditions considered to be contraindications to colonoscopy
such as suspected bowel perforation, gastric outlet obstruction,
toxic megacolon, severe colitis, pregnancy, or lactation. Patients
with hypersensitivity to PEG or SPMC including patients with
phenylketonuria or glucose-6-phosphate dehydrogenase deﬁciency, due to the presence of aspartame or ascorbic acid in the
bowel preparation, were excluded.
Study protocol. Eligible patients were randomized to one of
the two treatment arms on a 1:1 basis using a computer generated
block randomization list. Patients randomized to the intervention
arm (White Diet and low-volume Picosalax—WD/PICO)
received the White Diet for 2 days prior to the procedure, then

White Diet with Picosalax for colonoscopy

split-dose Picosalax (consisting of 10 mg sodium picosulfate,
3.5 g magnesium oxide, and 2 g citric acid ; Ferring Pharmaceuticals, Melbourne, Australia) consisting of two sachets of SPMC
taken at 21:00 h the day before and at 04:00 h on the day of the
procedure with 200 mL of water per hour allowed until 06:00 h.
As described previously,15 the White Diet comprises whitecolored foods of low residue (Table 1).
Patients assigned to the standard preparation at our institution (CF/PEG + SPMC) received day-before light breakfast, then
clear ﬂuids only, and combination 1 L PEG (Glycoprep-C, consisting of macrogol 3350, sodium sulfate, sodium chloride, and
potassium chloride; Fresenius Kabi Pty Ltd, Pymble, Australia)
taken at 18:00 h the day before plus two sachets of SPMC
(PicoPrep, consisting of 10 mg sodium picosulfate, 3.5 magnesium oxide, 12.0 g citric acid, and 36 mg aspartame; Fresenius
Kabi Pty Ltd) taken at 17:00 and 19:00 h the day before the procedure with fasting from midnight. All participants received a
single-page handout with standardized instructions for the allocated bowel preparation and diet. Participants were asked to
complete a food diary for 2 days prior to their colonoscopy and a
questionnaire on the acceptance and tolerability of the bowel
preparation. Endoscopists were blinded to the type of bowel
preparation taken by the patient and completed a datasheet following the procedure.
The primary outcome was successful bowel preparation as
deﬁned by an Ottawa bowel preparation score ≤ 6.16 The Ottawa
scale (0–14 points) combines the preparation score (0 = excellent, 1 = good, 2 = fair, 3 = poor, and 4 = inadequate) of three
bowel segments (left colon, transverse colon, and right colon)
and the amount of ﬂuid in the entire colon (0 = low, 1 = moderate, and 2 = large). Secondary outcomes included tolerability,
acceptance, and compliance with the allocated bowel preparation
regimen and colonoscopy outcomes such as adenoma detection
and withdrawal time.

Table 1 Patient instructions for food and ﬂuid permitted in the
White Diet
2 Days before your colonoscopy only consume foods and ﬂuids
permitted in the White Diet
White Diet foods and ﬂuids permitted
Milk (regular, low fat, skim), water, lemonade, soda or mineral water,
clear (not colored) Gatorade, or other sports drinks
Regular white bread/toast, rice bubbles, white rice, regular pasta,
potatoes (peeled), rice noodles, plain rice crackers, white ﬂour,
sugar
Eggs, chicken breast (no skin), white ﬁsh ﬁllet (no skin)
Plain cream cheese, cheddar cheese, ricotta, feta, cottage,
parmesan or mozzarella cheese, white sauce
White-colored yoghurt (no added fruit or inulin), mayonnaise, cream,
sour cream, butter and margarine, oil for cooking
White chocolate, vanilla ice cream, lemonade icy-pole, clear jelly,
custard, “milk bottles” (white confectionery)
Foods to be excluded (not allowed)
Anything not listed above
Other white foods including pears, parsnip, cauliﬂower, onion, high-ﬁber
white breads, tofu, coconut, porridge, banana, mushrooms, semolina,
couscous, popcorn
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Sample size calculation and statistical analysis.
The sample size was calculated assuming a 75% bowel preparation success rate with clear ﬂuids and a non-inferiority margin of
15% consistent with previous non-inferiority trials for bowel
preparation.17,18 To be adequately powered with 80% power at a
one-sided alpha level of 5%, 104 patients were required in each
group. An intention-to-treat (ITT) analysis was used to compare
efﬁcacy for the primary outcome with non-inferiority established
if the lower conﬁdence limit for the difference in effect was
above −15%. A per-protocol analysis was also carried out for the
primary efﬁcacy endpoint, in which patients with major protocol
violations were excluded. Comparisons of secondary outcomes
were performed using the Student’s t-test for normally distributed
continuous variables, Wilcoxon rank-sum test for non-normally
distributed continuous variables, and chi-square or Fisher’s exact
test as appropriate for categorical variables. Two-sided P-values
<0.05 indicated statistical signiﬁcance. Statistical analyses were
performed with Stata software version 14 (StataCorp, TX, USA).

Results
Two hundred and ﬁfty patients were randomized and, after exclusions, 112 patients were included in the WD/PICO group and
118 patients in the CF/PEG + SPMC group (Fig. 1). Patient
demographics and clinical characteristics were similar between
groups (Table 2).
ITT analysis of the primary efﬁcacy endpoint showed that
successful bowel preparation (deﬁned by an Ottawa bowel preparation score ≤ 6) was 57.6% in the WD/PICO group and 61.6%
in the CF/PEG + SPMC group (Table 3). The difference between
groups was −4.0% (95% CI: −14.2 to 6.2%), suggesting noninferiority between groups. Per-protocol analysis showed that
successful bowel preparation was 64.3% in the WD/PICO group
and 65.3% in the CF/PEG + SPMC group (difference: −1%,
95% CI: −11.3 to 9.4%) indicating non-inferiority. Colonoscopy
outcomes are shown in Table 4. There were no signiﬁcant differences between groups with regard to insertion time, withdrawal
time, cecal intubation rate, polyps removed, or detection of CRC.
Patient-reported satisfaction scores and tolerance to bowel
preparation are shown in Tables 5 and 6, respectively. Patients in

Table 2

Baseline demographic and clinical characteristics of patients
Type of preparation
WD/PICO
(n = 125)

Age (year), mean  SD 54.5  13.4
Male gender, n (%)
70 (56)
Weight (kg), mean  SD 79.2  15.7
(n = 94)
Height (cm), mean  SD 171.4  10.3
(n = 91)
Diabetes, n (%)
6 (5.6)
(n = 107)
Opioids, n (%)
16 (15.2)
(n = 105)
Laxative use, n (%)
11 (10.3)
(n = 107)

P-value

CF/PEG + SPMC
(n = 125)
54.0  13.1
65 (52)
77.3  19.4
(n = 99)
169.8  14.4
(n = 99)
5 (4.4)
(n = 113)
14 (12.5)
(n = 112)
15 (13.4)
(n = 112)

0.81
0.53
0.45
0.36
0.69
0.56
0.48

CF, clear ﬂuid; PEG, polyethylene glycol; PICO, picosalax; SPMC,
sodium picosulfate/magnesium citrate; WD, White Diet.

the WD/PICO group reported signiﬁcantly higher satisfaction
with the diet and greater ease in following the diet compared
with the CF/PEG + SPMC group (P < 0.001). Patients in the
WD/PICO group who had undergone previous colonoscopy
reported signiﬁcantly higher diet satisfaction and improved overall experience compared with their previous bowel preparation
(P < 0.0001). Patients in the WD/PICO group also reported less
bloating (P = 0.02), weakness (P = 0.046), hunger (P < 0.0001),
and less interference to daily activities (P = 0.001).

Discussion
An adequate bowel preparation prior to colonoscopy is important
as poor preparations are associated with missed adenomas,19
longer and more difﬁcult procedures, higher rates of incomplete
examinations and the need for repeat procedures or shorter surveillance intervals.20 The ideal bowel preparation would reliably
cleanse the colon of all fecal material, be well tolerated by
patients, be inexpensive, and have low risk of adverse events.
Although a 4-L split-dose PEG preparation is considered the

250 patients
randomized
125 White Diet/
Picosalax
13 Excluded
- 8 withdrew/rescheduled
- 2 did not receive prep
- 2 screening failure
- 1 missing data
112 White Diet/
Picosalax
Figure 1
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125 Clear fluids/
PEG+SPMC
7 Excluded
- 3 withdrew/rescheduled
- 2 did not receive prep
- 1 wrong prep
118 Clear fluids/
PEG+SPMC

Enrollment ﬂow chart. PEG, polyethylene glycol; SPMC, sodium picosulfate/magnesium citrate.
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Table 3 ITT and per-protocol analyses of the primary efﬁcacy endpoint
Type of preparation

Total

ITT analysis
Number of patients in ITT analysis
Successful bowel preparation, n (%)

250
149
(59.6)

WD/PICO

CF/PEG + SPMC

125
72
(57.6)

125
77
(61.6)

Difference between groups (one-sided 95% CI)
−4.0% (−14.2 to 6.2%)
Per-protocol analysis
Number of patients in per-protocol analysis
Successful bowel preparation, n (%)

230
149
(64.8)

112
72
(64.3)

118
77
(65.3)

Difference between groups (one-sided 95% CI)
−1.0% (−11.3 to 9.4%)
CF, clear ﬂuid; ITT, intention to treat; PEG, polyethylene glycol; PICO, picosalax; SPMC, sodium picosulfate/magnesium citrate; WD, White Diet.

gold-standard bowel preparation,21 PEG-based preparations are
often poorly tolerated, and side effects including bloating, nausea, and vomiting may lead to a failure to complete the preparation. Combination PEG and SPMC with a clear ﬂuid diet the day
before colonoscopy is the current standard bowel preparation at
many Australian institutions and endoscopy centers. In this
study, we performed a randomized, prospective, endoscopistblinded, non-inferiority trial comparing a novel low-residue
White Diet with low-volume, split-dose Picosalax with a
Table 4 Colonoscopy outcomes
Type of preparation

Past colonic resection,
n (%)
Cecal intubation, n (%)
TI intubation, n (%)
Repeat scope due
to poor preparation,
n (%)
Insertion time (min),
median (IQR)
Withdrawal time (min),
median (IQR)
Total time (min),
median (IQR)
Polyps removed, n (%)
Adenoma detection
rate, n (%)
Colorectal cancer, n (%)

WD/PICO
(n = 125)

CF/PEG + SPMC
(n = 125)

4 (3.6)
(n = 110)
110 (98.2)
(n = 112)
89 (79.5)
(n = 112)
5 (4.5)
(n = 111)

6 (5.2)
(n = 116)
116 (98.3)
(n = 118)
97 (82.2)
(n = 116)
4 (3.4)
(n = 118)

9 (6–14)
(n = 107)
10 (7–14)
(n = 95)
20 (15–26)
(n = 95)
34 (30.4)
(n = 112)
24 (21.4)
(n = 112)
0 (0)
(n = 107)

9 (5–14)
(n = 115)
10 (8–15)
(n = 87)
20 (16–26)
(n = 87)
38 (32.8)
(n = 116)
29 (24.6)
(n = 118)
2 (1.7)
(n = 115)

standard bowel preparation of day-before clear ﬂuids with combination PEG plus SPMC for morning colonoscopy. We found that
low-volume, split-dose Picosalax with the White Diet was significantly better tolerated without detriment to bowel preparation
success.
The White Diet, recently described by Butt et al.,15 is a
pre-colonoscopy low-residue diet of white or cream-colored
foods. In that randomized controlled trial of 226 patients, the
White Diet in conjunction with a 2-L PEG with ascorbate bowel
preparation was preferred by patients with less hunger and interference to daily activities without detriment to bowel preparation

P-value
Table 5 Patient satisfaction with bowel preparation according to
5-point visual analog scale
0.75

Type of preparation

1.00

WD/PICO CF/PEG + SPMC
(n = 125) (n = 125)

0.60
0.74

0.95
0.43

Understanding the diet,
median (IQR)
Preparing food/ﬂuids
for the diet, median (IQR)
Sticking to/following
the diet, median (IQR)
Overall satisfaction with
the diet, median (IQR)
Previous colonoscopy, n (%)

0.74
0.70
0.57
0.50

CF, clear ﬂuid; IQR, interquartile range; PEG, polyethylene glycol; PICO,
picosalax; SPMC, sodium picosulfate/magnesium citrate; TI, terminal
ileum; WD, White Diet.

Restricted to clear ﬂuids
last time, n (%)
Diet this time versus previous
colonoscopy, median (IQR)
Overall experience this time
versus previous
colonoscopy,
median (IQR)

1 (1–2)
(n = 100)
1 (1–2)
(n = 100)
1 (1–2)
(n = 100)
1 (1–2)
(n = 98)
54 (54.0)
(n = 100)
48 (90.6)
(n = 53)
1 (1–2)
(n = 48)
1 (1–3)
(n = 50)

1 (1–2)
(n = 105)
1 (1–2)
(n = 104)
2 (1–3)
(n = 102)
2 (1–3)
(n = 102)
65 (60.2)
(n = 108)
54 (93.1)
(n = 58)
3 (3–3)
(n = 53)
3 (2–3)
(n = 53)

P-value

0.76
0.39
<0.001
<0.001
0.37
0.73
<0.0001
<0.0001

CF, clear ﬂuid; IQR, interquartile range; PEG, polyethylene glycol; PICO,
picosalax; SPMC, sodium picosulfate/magnesium citrate; WD, White Diet.

JGH Open: An open access journal of gastroenterology and hepatology 1 (2017) 38–43
© 2017 The Authors. JGH Open: An open access journal of gastroenterology and hepatology published by Journal of Gastroenterology and Hepatology Foundation and
John Wiley & Sons Australia, Ltd.

41

White Diet with Picosalax for colonoscopy

JP Dwyer et al.

Table 6 Patient tolerance to bowel preparation according to 5-point
visual analog scale
Type of preparation
WD/PICO
(n = 125)
Bloating, median (IQR)

1 (1–1)
(n = 88)
Abdominal cramping,
1 (1–2)
median (IQR)
(n = 89)
Nausea, median (IQR)
1 (1–2)
(n = 92)
Headache, median (IQR)
1 (1–2)
(n = 95)
Weakness, median (range) 1 (1–4)
(n = 91)
Sleeping difﬁculty,
1 (1–3)
median (IQR)
(n = 94)
Hunger, median (IQR)
1 (1–2)
(n = 92)
Interference with daily
2 (1–2)
activities, median (IQR)
(n = 92)
Vomiting post-bowel
5 (4.7)
preparation, n (%)
(n = 107)

P-value

CF/PEG + SPMC
(n = 125)
1 (1–2)
(n = 100)
1 (1–2)
(n = 101)
1 (1–3)
(n = 101)
2 (1–3)
(n = 101)
1 (1–5)
(n = 101)
1 (1–3)
(n = 101)
3 (2–4)
(n = 104)
2 (1–3)
(n = 104)
7 (6.4)
(n = 110)

0.02
0.28
0.22
0.13
0.046
0.42
<0.0001
0.001
0.59

CF, clear ﬂuid; IQR, interquartile range; PEG, polyethylene glycol; PICO,
picosalax; SPMC, sodium picosulfate/magnesium citrate; WD, White Diet.

quality or colonoscopy performance compared with a clear ﬂuid
diet.15 Other randomized trials of diet liberalization during bowel
preparation suggest that either low-ﬁber13 or regular diet14 the
day before colonoscopy with split-dose bowel preparation is
associated with improved tolerance and comparable or better
colon cleansing compared with a clear ﬂuid diet. In our study,
patients taking the White Diet for 2 days reported higher overall
satisfaction with the diet and higher satisfaction with the diet
compared with any previous colonoscopy (>90% had clear ﬂuid
diet at previous colonoscopy). There was also signiﬁcantly less
bloating, weakness, hunger, and interruption to daily activities
with the White Diet. Although the duration of the dietary restriction was longer in the White Diet group, our group has previously reported that the daily median energy intake with the
White Diet was twice that of a clear ﬂuid diet15 which may contribute to the improved tolerance compared with a 24-h clear
ﬂuid diet. Furthermore, the use of white color as a guide to
choose food is a simple strategy which patients found signiﬁcantly easier to follow and the ﬂexibility of the White
Diet allows patients to individualize the diet according to personal dietary preferences. Importantly, patients taking the White
Diet reported signiﬁcantly greater ease in following the diet compared with clear ﬂuids suggesting successful implementation of
the diet. Improved patient satisfaction and tolerance during bowel
preparation has several potential beneﬁts including increased
bowel preparation completion rates which may improve bowel
preparation quality and increased likelihood of patients returning
for surveillance or screening procedures.
In this study, patients taking the White Diet took a lowvolume (two sachets), split-dose Picosalax bowel preparation,
which was better tolerated and resulted in non-inferior bowel
42

preparation compared with day-before clear ﬂuids and 1 L PEG
and two sachets of SPMC. Low-volume SPMC has been shown
to have greater tolerability and equal or greater efﬁcacy compared with sodium phosphate,22 2 L PEG and bisacodyl,5,6 2 L
PEG with ascorbic acid,23 3 L of sulfate-free PEG,24 and 4 L
PEG preparations.25 Non-inferiority of SPMC to PEG has also
recently been shown in a meta-analysis.26 Splitting the dose of
either PEG or SPMC is preferred by patients and increases the
quality of the bowel preparation compared with day-before regimens.12,27 A split-dose bowel preparation for all patients or same
day preparation for afternoon colonoscopy has been recommended in recent guidelines.28 Although well tolerated and safe
in most, there is a small increased risk of hyponatremia with
SPMC in the elderly29 and, therefore, PEG-based bowel preparation may be more appropriate in these patients.
There are some limitations to our study. We note the
low bowel preparation success rates for both the WD/PICO
(64.3% per protocol and 57.6% ITT) and CF/PEG + SPMC
groups (65.3% per protocol and 61.6% ITT). Bowel preparation
success in our study was deﬁned by an Ottawa bowel preparation score ≤ 6 (range: 0–14), which may have been too stringent for determining adequacy of the bowel preparation.
Recently, the US Multi-Society Task Force on CRC deﬁned
adequate bowel preparation as one that enables the endoscopist
to follow the recommended screening and surveillance guidelines and the ability to detect lesions >5 mm in size (target of
≥85%).30 Alternately, by including patients with risk factors for
poor bowel preparation such as diabetes, opioid use, and laxative use (as a marker of constipation),31 bowel preparation success rates in our study may have been lowered. A limitation of
this study was that we compared groups with different dietary
regimens (White Diet vs clear ﬂuids), bowel preparation types
(low-volume Picosalax vs combination PEG/SPMC), and bowel
preparation dose timing (split-dose vs day-before) which makes
it difﬁcult to determine which of the study variables resulted in
the improved tolerance of the bowel preparation found in the
WD/PICO group. A further limitation of our study was that the
bowel preparation success rate of 75% used in our sample size
calculation was higher than the bowel preparation success rates
found in our study which may have resulted in a smaller sample size and therefore reduced the power of our study. Finally,
our study was a single-center, non-inferiority controlled trial
and not powered to detect a signiﬁcant difference in bowel
preparation quality between groups.
In conclusion, a novel bowel preparation with the White
Diet and low-volume, split-dose Picosalax was non-inferior for
successful bowel preparation and better tolerated compared with
a preparation of clear ﬂuids and day-before combination
PEG/SPMC. By utilizing modern bowel preparation strategies
prior to colonoscopy such as dietary liberalization with the White
Diet, split-dosing, and low-volume regimens, bowel preparations
will be better tolerated by patients without compromising cleansing quality.
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Abstract
Background and Aim: Predictive factors for hepatocarcinogenesis following eradication of hepatitis C virus by direct-acting antivirals (DAAs) are unknown. The aim of
the study was to investigate the relationships between liver stiffness (LS) using acoustic radiation force impulse (ARFI) erastograghy and the development of hepatocellular
carcinoma (HCC) in patients who achieved sustained virological response (SVR) treated with DAA.
Methods: In this prospective study, we enrolled 263 hepatitis C patients with SVR
who underwent ARFI before DAA treatment. Thirty patients had previous HCC.
Results: The median LS value according to ARFI measurements was 1.34 m/s (range:
0.67–4.35). During the follow-up period (median: 18.1 months), development of
HCC occurred in 19 patients (7.2%; HCC occurrence in 7 patients and HCC recurrence in 12 patients). By multivariate Cox regression analysis, HCC history (hazard
ratio [HR]: 10.634; 95% conﬁdence interval [CI]: 4.13–27.37; P = 0.001), older age
(HR: 4.638; 95% CI: 1.63–13.61; P = 0.004) and higher total bilirubin levels (HR:
4.189; 95% CI: 1.66–10.60; P = 0.002) were independent predictors for the development of HCC, and higher LS value (≥1.73 m/s) at baseline was an independent predictor for HCC occurrence (HR: 8.350; 95% CI: 1.62–43.09; P = 0.011). The
cumulative recurrence of HCC was statistically similar according to the degree of LS
in patients who were previously treated for HCC.
Conclusion: The LS value at baseline is useful for predicting HCC occurrence. Thus,
even if SVR is achieved, patients with higher LS at baseline must be followed carefully for HCC occurrence.

Introduction
Hepatitis C virus (HCV) infection is a leading cause of chronic
hepatitis, cirrhosis, and hepatocellular carcinoma (HCC), and is a
major global public health issue.1,2 The emergence of novel
direct-acting antivirals (DAAs) against HCV has dramatically
increased the number of patients who achieve a sustained virological response (SVR).3,4 The elimination of HCV will prevent
the progression of chronic hepatitis and associated complications.5 Several studies have reported that achievement of SVR
results in the resolution of liver ﬁbrosis6,7 and a decreased incidence of HCC.8 However, development of HCC is sometimes
seen even in patients who achieve SVR after DAA treatment,
indicating the need for continuous surveillance for HCC after the
eradication of HCV.9–12 Several previous studies have reported
that the degree of liver ﬁbrosis is closely associated with the risk
of the development of HCC in patients with chronic
44

hepatitis C.13 Pretreatment staging is important in order to plan
initial management of the patient post-SVR. As liver ﬁbrosis persists even after the elimination of HCV despite its gradual resolution after SVR is achieved, accurate estimation of liver ﬁbrosis is
desirable.
Previous studies have reported that advanced ﬁbrosis,
advanced age, lower albumin levels, lower platelet counts, and
higher α-fetoprotein (AFP) levels before and after treatment are
important predictors of HCC in patients who achieve SVR with
interferon-based treatment.14–16 However, the risk factors for the
development of HCC in patients who achieve SVR after DAA
treatment have not been adequately clariﬁed in a prospective
study.
Preliminary study results indicate that the acoustic radiation force impulse (ARFI) elastography is a noninvasive method
for measuring liver stiffness (LS) and can be used for the
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diagnosis of liver ﬁbrosis and cirrhosis in chronic liver
disease.17–23 However, the relationship between LS and its
impact on the development of HCC remains unclear in chronic
hepatitis C patients who achieved SVR following DAA therapy.
To understand this relationship, we enrolled 263 patients
who had achieved an SVR following DAA therapy and clinical
follow-up study in which LS measurements were obtained from
patients before treatment. The aim of the study was to investigate
the relationships between LS using ARFI erastograghy and the
development of HCC in this patient population.

Methods
Patients. Between November 2014 and December 2016, a
total of 268 patients were treated with oral direct-acting antiHCV drugs (daclatasvir/asunaprevir combination therapy, sofosbuvir/ledipasvir combination therapy, ombitasvir/paritaprevir/ritonavir combination therapy, and sofosbuvir/ribavirin combination
therapy) at Komaki City Hospital, Japan. A total of 263 patients
achieved an SVR after antiviral therapy (98.1%). This prospective study thus included 263 patients who underwent ARFI elastography before antiviral treatment. Thirty patients had history of
curative treatment for HCC and 233 had no history of previous
HCC. HCV infection was deﬁned by a real-time polymerase
chain reaction (COBAS TaqMan HCV test; Roche Molecular
Systems, Pleasanton, CA, USA; lower limit of detection: 1.2
log10 IU/mL). SVR was determined as undetectable serum HCV
RNA, 24 weeks after the completion of antiviral therapy by a
real-time polymerase chain reaction. Clinical data were collected
at the time of measurement of ARFI elastography and blood
samples were collected no more than 7 days before the DAA
treatment. Patients who had antibodies against human immunodeﬁciency virus or hepatitis B virus surface antigen, excessive
active alcohol consumption (daily intake >40 g of ethanol) or
drug abuse, or other forms of liver disease (e.g. autoimmune hepatitis, alcoholic liver disease, or hemochromatosis) were
excluded. The study was approved by the institutional Review
Board of Komaki City Hospital and conducted in accordance
with the ethical principles of the Declaration of Helsinki. Written
informed consent for use of clinical data was obtained from all
patients at the time of the measurement of ARFI elastography.
Antiviral therapy. For chronic HCV genotype 1 infection,
67 patients received ﬁxed doses of daclatasvir (60 mg once
daily) and asunaprevir (100 mg twice daily) for 24 weeks. One
hundred and twenty-nine patients received ﬁxed doses combination of sofosbuvir/ledipasvir (400/90 mg once daily) for
12 weeks. Two patients received the ﬁxed doses combination of
ombitasvir/paritaprevir/ritonavir (25/150/100 mg twice daily) for
12 weeks. For chronic HCV genotype 2 infection, 65 patients
received ﬁxed doses of sofosbuvir (400 mg once daily) and ribavirin (600–1000 mg daily based on bodyweight, orally) for
12 weeks. We treated patients based on a standard treatment protocol for Japanese patients.

Liver stiffness and cancer development

magnetic resonance imaging (MRI) and dynamic computed
tomography (CT), besides ultrasound, to exclude recurrent HCC.
After the end of antiviral therapy, patients attended medical consultations at the Komaki City Hospital outpatient clinic every
3–6 months. Biochemical measurements, including AFP and
tumor marker levels, were assessed from whole blood samples
every 3–6 months; ultrasonography, MRI, and dynamic CT were
performed every 6 months. Typical imaging ﬁndings for HCC
included a high-density mass in the arterial phase and a lowdensity mass in the portal phase of dynamic CT or MRI studies.
To investigate the incidence of HCC after SVR, the start date of
follow-up was deﬁned as the date of the start of DAA treatment
and the endpoint was the development of HCC or the latest medical follow-up visit prior to May 2017. The factors associated
with the development of HCC were prospectively analyzed.
ARFI elastography measurement. In this prospective
study, the baseline ARFI elastography measurements of all
patients were performed less than 3 months before HCV treatment
initiation. The Siemens Acuson S2000TM ultrasound system
(Siemens Medical Solutions, Mountain View, CA, USA) was
used for the measurement of ARFI elastography using a curved
linear 6C1 transducer in all the patients.24 The measurement of
ARFI elastography was performed in the right liver lobe through
the 7th to 10th intercostal space while the patient was in a supine
position with the right arm in abduction. The patients were asked
to hold their breath for a moment at the end of expiration to minimize breathing motion during the examination. ARFI measurements were obtained at a depth of 1–2 cm from the liver
capsule, avoiding large vessels and ﬁssures in the liver. A total
of 10 valid measurements were performed in every patient and a
median value was calculated; the result is expressed in m/s.
Statistical analysis. Categorical data are presented as numbers (percentages). Continuous data are presented as means 
SD) and medians (ranges). Normally distributed variables were
compared using Student’s t-test and non-normally distributed
variables were compared using the Mann–Whitney U-test
between the two groups of patients who did and did not develop
HCC. Frequency data were compared using a chi-square test or
Fisher’s exact test, as appropriate. The cumulative incidence of
HCC was calculated using the Kaplan–Meier method. Differences among patients with mild LS, moderate LS, and severe LS
were assessed using by the log-rank test. The time frame for
HCC incidence was deﬁned as the time from start of DAA treatment to diagnosis of HCC. The Cox proportional hazard model
was used for multivariate analyses of factors associated with the
incidence of HCC. We determined the cut-off values of the factors associated with the incidence of HCC using receiver operating characteristic analyses. Statistical analyses were performed
using SPSS Statistics 21.0 (IBM SPSS, Chicago, IL, USA);
P < 0.05 was considered statistically signiﬁcant using a twotailed test.

Results
Diagnosis of HCC and follow-up. Before starting antiviral therapy, all patients without history of previous HCC underwent abdomen ultrasound to exclude the presence of HCC. On
the other hand, all patients with a history of HCC underwent

Baseline characteristics of patients with antiviral
treatment. The overall study population of 263 patients consisted of 122 males (46.4%) and 141 females (53.6%). The mean
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Table 1 Baseline characteristics of patients from the entire study
population
Characteristics

Patients

Age (years)
Sex (female/male)
HCV genotype (1b/2a or 2b)
HCC history (absent/present)
Body mass index (kg/m2)
Serum albumin (g/dL)
Total bilirubin (mg/dL)
Alanine aminotransferase (IU/L)
Aspartate aminotransferase (IU/L)
Gamma-glutamyl transpeptidase (IU/L)
Platelet count (×103/μL)
α-Fetoprotein (ng/mL)
Liver stiffness (m/s)
Antiviral regimens
Daclatasvir + asunaprevir
Ledipasvir/sofosbuvir
Ombitasvir paritaprevir/ritonavir
Sofosbuvir + ribavirin

71.4 (16–88)
141 (53.6%)/122 (46.4%)
198/65
233/30
22.6 (15.0–32.9)
4.0 (2.2–4.9)
0.74 (0.3–2.6)
34.0 (10–299)
38.7 (16–224)
31.2 (8–521)
149 (14–351)
4.5 (0.9–172.3)
1.41 (0.67–4.35)
67 (25.5%)
129 (49.1%)
2 (0.7%)
65 (24.7%)

HCC, hepatocellular carcinoma; HCV, hepatitis C virus.

age was 70.7 years (range: 20–88). Detailed demographic data
are shown in Table 1. Liver cirrhosis was identiﬁed in 49 patients
(18.6%), and all patients had well-preserved liver function of
Child–Pugh class A. HCV genotype 1 was present in 198 patients
(75.6%). The median Vs value according to ARFI measurements
was 1.34 m/s (range: 0.67–4.35; Table 1).
Development of HCC in patients with SVR following DAA therapy. During the follow-up period (median:
18.1 months; range: 5.6–31.2 months), HCC was identiﬁed in
19 patients (7.2%). The median time between the start of DAA
treatment and the development of HCC was 8.6 months (range:
6.0–21.3 months). The cumulative incidence of HCC at 1 and
2 years after the start of DAA treatment was 5.4% and 9.7%,
respectively. HCC patients included 7 males and 12 females;
12 patients had history of previous HCC and 7 had no history of
previous HCC.
Table 2

Factors associated with the development of HCC
in patients with SVR following DAA therapy. The
clinical characteristics according to development of HCC are
shown in Table 2. LS measurements were signiﬁcantly higher in
patients with the development of HCC than in those without
(median: 2.06 m/s vs 1.33 m/s, P < 0.001). Univariate analysis
revealed that the presence of HCC history, older age, lower platelet counts, higher total bilirubin levels, and higher AFP levels
before treatment were signiﬁcantly associated with the development of HCC after SVR. The Cox proportional hazards regression analysis conﬁrmed that the presence of HCC history (hazard
ratio [HR]: 10.634; 95% conﬁdence interval [CI]: 4.13–27.37;
P = 0.001), higher total bilirubin levels (HR: 4.189; 95% CI:
1.66–10.60; P = 0.002), and older age (HR: 4.638; 95% CI:
1.63–13.61; P = 0.004) were signiﬁcant independent factors
associated with the development of HCC in patients who had
achieved an SVR following DAA therapy. The cumulative occurrence of HCC in patients with history of HCC was signiﬁcantly
higher than that in patients without history of HCC, based on the
Kaplan–Meier analysis and log-rank test (P < 0.001) (Fig. 1).
Factors associated with the occurrence of HCC in
patients with SVR following DAA therapy. In
patients without history of HCC, occurrence of HCC was identiﬁed in seven patients (3.0%). The clinical characteristics according to the occurrence of HCC are shown in Table 3. The
cumulative incidence of HCC at 1 and 2 years after the start of
DAA treatment was 2.3% and 4.3%, respectively. Univariate
analysis revealed that higher LS measurement and higher total
bilirubin levels before treatment were signiﬁcantly associated
with the occurrence of HCC after SVR. The Cox proportional
hazards regression analysis conﬁrmed that higher LS measurement (HR: 8.350; 95% CI: 1.62–43.09; P = 0.011) was signiﬁcant independent factor associated with the occurrence of HCC
in patients who had achieved an SVR following DAA therapy
(Table 4).
Correlation between LS values and development
of HCC. Patients without history of HCC were divided into
two groups based on measurement of ARFI elastography levels,
with the value as the cutoff (1.73 m/s) using receiver operating

Baseline characteristics of patients according to the development of HCC after DAA therapy

Characteristics
Age (years)
Sex (female/male)
HCV genotype (1b/2a or 2b)
HCC history (absent/present)
Body mass index (kg/m2)
Serum albumin (g/dL)
Total bilirubin (mg/dL)
Alanine aminotransferase (IU/L)
Aspartate aminotransferase (IU/L)
Gamma-glutamyl transpeptidase (IU/L)
Platelet count (×103/μL)
α-Fetoprotein (ng/mL)
Liver stiffness (m/s)

Patients without HCC after DAA

Patients with HCC after DAA

P-value

70.8 (16–88)
129 (52.9%)/115 (47.1%)
181/63
226/18
22.5 (15.0–32.9)
4.0 (2.2–4.9)
0.72 (0.3–2.5)
34.5 (10–299)
38.4 (16–224)
31.7 (8–521)
151 (14–351)
4.4 (0.9–172.3)
1.39 (0.67–4.35)

77.0 (65–85)
12 (63.2%)/7 (36.8%)
17/2
7/12
23.3 (16.4–31.5)
3.8 (2.4–4.5)
0.98 (0.6–2.6)
24.5 (14–106)
43.0 (27–106)
21.5 (13–521)
118 (38–221)
6.3 (2.5–132.5)
2.04 (1.12–4.00)

<0.001
0.477
0.173
<0.001
0.563
0.097
0.001
0.321
0.155
0.519
0.005
0.011
<0.001

DAA, direct-acting antiviral; HCC, hepatocellular carcinoma; HCV, hepatitis C virus.
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Figure 1 Cumulative incidence rates of hepatocellular carcinoma (HCC)
development after sustained virological response following direct-acting
antiviral treatment according to the history of hepatocellular carcinoma.
The cumulative incidence rates of HCC development increased signiﬁcantly in patients with previous HCC treatment (log-rank test, P < 0.001).

characteristic analyses. The cumulative occurrences of HCC in
patients with lower LS and higher LS were 1.2% and 6.1%,
respectively, at 1 year after the start of DAA treatment and 1.2%
and 13.4%, respectively, at 2 years after the start of DAA treatment. The cumulative occurrence of HCC in patients with higher
LS was signiﬁcantly higher than that in patients with lower LS,
based on the Kaplan–Meier analysis and log-rank test
(P = 0.003; Fig. 2). The cumulative recurrence of HCC was statistically similar according to the degree of LS in patients who
were previously treated for HCC (P = 0.099) (Fig. 3).

Discussion
To the best of our knowledge, this is the ﬁrst study that evaluates
the correlation between development of HCC and LS assessed

by ARFI elastography in patients who achieved SVR following
DAA therapies. The strengths of this study include the information it provides about the impact of LS measurement on development of HCC after SVR following DAA treatment, as assessed
by ARFI elastography from 263 patients with HCV. Although
patients who achieve SVR have little risk of developing HCC,
given the marked increase in the number of patients who achieve
SVR, there will also be an increase in the number of patients
who develop HCC after SVR in the near future. Indeed, seven of
our SVR patients without history of HCC after DAA treatment
did develop HCC, demonstrating the need for continued screening of this population. In the present study, we identiﬁed the LS
measurement before treatment as an independent predictor of
HCC occurrence in patients who achieved an SVR following
DAA treatment. Because patients with LS values of 1.73m/s
have higher risk for HCC development, HCC surveillance strategies might be optimized according to LS values at baseline, even
with complete viral eradication.
In the present study, a total of 32 patients with a history of
previous HCC were treated with oral direct-acting anti-HCV
drugs. In these patients, 30 patients achieved an SVR after antiviral therapy (93.8%). Eleven of our SVR patients with history of
HCC after DAA treatment did develop HCC. We found 1- and
2-year HCC recurrence rates of 28.6% and 44.7% in a cohort of
patients with a history of previous HCC who achieved a complete radiological response after tentatively curative resection or
ablation. The risk of recurrence of HCC was statistically similar
according to the degree of LS in patients who were previously
treated for HCC after SVR following DAA treatment. Several
previous studies have reported that HCC recurrence after surgical
resection or radiofrequency ablation is not uncommon.25 We
found that patients previously treated for HCC have still a high
risk of recurrence in the short term, despite DAA treatment, irrespective of the degree of LS.
Liver biopsy had long remained the gold standard for staging ﬁbrosis. However, liver biopsy is no more considered as a
perfect methodology because of the invasive nature of the procedure, sampling error, and interobserver variability. In contrast to
liver biopsy, ARFI elastography is noninvasive and can be
repeated multiple times in the same patient. This is clinically
very helpful. Assessment of residual liver ﬁbrosis in patients
who achieve SVR is of strategic importance not only for

Table 3 Baseline characteristics of patients with no history of previous HCC according to HCC occurrence after DAA therapy
Characteristics
Age (years)
Sex (female/male)
HCV genotype (1b/2a or 2b)
Body mass index (kg/m2)
Serum albumin (g/dL)
Total bilirubin (mg/dL)
Alanine aminotransferase (IU/L)
Aspartate aminotransferase (IU/L)
Gamma-glutamyl transpeptidase (IU/L)
Platelet count (×103/μL)
α-Fetoprotein (ng/mL)
Liver stiffness (m/s)

Patients without occurrence of HCC

Patients with occurrence of HCC

P-value

70.5 (16–88)
119 (51.1%)/107 (48.9%)
165/61
22.4 (15.4–32.9)
4.1 (2.2–4.9)
0.72 (0.3–2.5)
34.1 (10–299)
37.7 (16–224)
30.7 (8–521)
156 (14–351)
4.2 (0.9–172.3)
1.33 (0.67–4.35)

76.0 (65–84)
6 (85.7%)/1 (14.3%)
6/1
23.5 (18.1–31.5)
3.8 (2.8–4.4)
0.97 (0.6–1.8)
25.0 (17–106)
43.0 (28–106)
22.0 (13–146)
118 (48–204)
6.4 (2.5–50.5)
2.06 (1.40–4.00)

0.051
0.126
0.678
0.171
0.307
0.031
0.616
0.194
0.315
0.107
0.099
0.005

DAA, direct-acting antiviral; HCC, hepatocellular carcinoma; HCV, hepatitis C virus.
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Table 4

Predictive factors related to the development of HCC after DAA therapy on Cox proportional hazard analysis

Characteristics
Development of HCC
History of previous HCC
Total bilirubin (mg/dL)
Age (years)
Occurrence of HCC
Liver stiffness (m/s)

Category

Hazard ratio

95% Conﬁdence interval

P-value

1: No
2: Yes
1: <1.0
2: ≥1.0
1: <75
2: ≥75

10.634

4.132–27.369

0.001

4.189

1.656–10.597

0.002

4.638

1.634–13.161

0.004

1: <1.73
2: ≥1.73

8.350

1.618–43.09

0.011

DAA, direct-acting antiviral; HCC, hepatocellular carcinoma.

prognostication but also for deﬁning cost-effective programs of
surveillance or liver-related complications. We previously
reported that ARFI elastography is an acceptable method for predicting the severity of ﬁbrosis in HCV patients with SVR.26
Therefore, ARFI elastography will be useful not only during the
persistent HCV infection but also after the eradication of HCV.
A recent study has reported that the value of ARFI elastography is closely associated with the risk of the development of
HCC in patients with chronic liver diseases.27 In the present
study, we also identiﬁed that the value of ARFI elastography
before treatment correlated with the development of HCC in
patients who achieved an SVR following DAA treatment. However, LS measurements may also be affected by factors other than
ﬁbrosis stage, for example, inﬂammatory activity,28,29 and intrahepatic pressure. There are a few studies demonstrating a decrease
in LS in patients on eradication of HCV where both pre- and

post-treatment ARFI elastography assessments were available.30
It is probable that such reduction in ARFI elastography values
indicates not only the improvement in ﬁbrosis but also inﬂammation in the liver because of treatment. This is because ARFI elastography reductions are signiﬁcantly correlated with the grade of
activity in the liver.31 Moreover, it is not clear whether the change
in LS after treatment, is useful in predicting the development of
HCC in patients who achieved an SVR following DAA treatment.
Therefore, prospective and more long-term studies are necessary
to conﬁrm whether a change in LS after achieving SVR is correlated with the risk of developing HCC.
There are several limitations in this study. The number of
patients with the development of HCC was not very large.
Because the development of HCC is very rare in patients who
achieve SVR after DAA treatment,10–12 this report described a

P=0.099

1.0
P=0.003
Cumulative incidence rate of HCC (%)

Cumulative incidence rate of HCC (%)

1.0

0.8

0.6

0.4

0.2

0.8

0.6

<2.05 m/s

0.4
≥2.05 m/s
0.2

≥1.73 m/s
0.0
<1.73 m/s

0.0
.0

12.0

24.0

.0
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LS ≥1.73 m/s

52
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39

26

14

5

LS <1.73 m/s

181

168

135

95

38

5

Figure 2 Cumulative incidence rates of hepatocellular carcinoma (HCC)
occurrence after sustained virological response following direct-acting
antiviral treatment based on stratiﬁed liver stiffness (LS) values. The
cumulative incidence rates of HCC occurrence increased signiﬁcantly
in patients with higher LS values at baseline (log-rank test, P = 0.003).
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Figure 3 Cumulative incidence rates of hepatocellular carcinoma
(HCC) recurrence after sustained virological response following directacting antiviral treatment based on stratiﬁed liver stiffness (LS) values.
The cumulative incidence rates of HCC recurrence was statistically
similar according to the degree of LS in patients who were previously
treated for HCC (log-rank test, P = 0.099).
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relatively small number of cases. Regardless, this information is
useful because risk factors associated with the development of
HCC in patients who achieve SVR after DAA treatment were
identiﬁed. Second, among the enrolled patients, 190 patients
underwent liver biopsy (72.2%). We acknowledge that our study
could have been strengthened by pretreatment liver biopsies with
all of enrolled patients, which, however, was not available. This is
due to the difﬁculty in obtaining informed consent for the invasive
liver biopsy before treatment. Finally, prospective data and longterm clinical follow-up are needed to assess the clinical course
after achieving SVR and the impact of LS measurement after
HCV elimination. Future large-scale studies with sufﬁcient histological data and longer follow-up periods can resolve these issues.
In conclusion, the degree of LS assessed on ARFI elastography before antiviral treatment was related to the occurrence of
HCC in patients who achieved an SVR following DAA treatment.
Therefore, even if SVR is achieved, patients with higher LS at
baseline must be followed carefully for the occurrence of HCC.
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