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Summary

Background: Withdrawal of treatment is a common therapeutic problem in patients
with long-standing remission of inflammatory bowel disease.

Aims: To evaluate the relapse rate in patients with quiescent inflammatory bowel
disease after cessation of biologic or immunomodulator therapy.

Methods: We searched five databases for studies evaluating disease relapse after
withdrawal of monotherapy or a drug from combination therapy in Crohn's disease
or ulcerative colitis. In meta-analysis, risk ratios (RR) were calculated with 95% con-
fidence intervals (Cl).

Results: Ten randomised controlled trials (587 patients) were included in the meta-
analysis, and another nine studies in systematic review. Withdrawal of immunomod-
ulator monotherapy resulted in a significantly higher risk of relapse within 24 months
of follow-up compared to ongoing therapy in Crohn's disease, but not in ulcerative
colitis (RR = 2.06, Cl: 1.53-2.77 and RR = 1.39, Cl: 0.85-2.26, respectively). Trial se-
qguential analysis indicated that further studies with similar design are unlikely to
change the significant association on relapse rates after withdrawing immunomod-
ulator monotherapy in patients with Crohn's disease. Discontinuation of an immu-
nomodulator from combination with biologics did not show a higher risk of relapse
than continuation of both drugs (RR = 1.30, Cl: 0.81-2.08). The relapse rate increased
after withdrawal of biologic monotherapy, whereas contradictory results were ob-
served after biologic withdrawal from combination regimens.

Conclusion: Continuing immunomodulator monotherapy should remain the pre-
ferred approach among patients with Crohn's disease, although long-term toxicity is
a concern. Further randomised controlled trials are warranted in ulcerative colitis and

on combination regimens including biologics.
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1 | INTRODUCTION

Inflammatory bowel disease (IBD)—comprising Crohn's disease
(CD) and ulcerative colitis (UC), as the two main types—is chronic
condition of the gastrointestinal tract with a relapsing and re-
mitting pattern. CD is characterised by transmural inflammation
and the chance of stricture development at any segment of the
gastrointestinal tract.r CD is more likely to be associated with
disease-related complications (eg abscesses, strictures) and ex-
traintestinal manifestations than UC.? Although UC is a superficial
mucosal inflammation of the colon, it can also cause several com-
plications, such as fulminant colitis and increased risk of colorectal
cancer.® The risk of surgery 1, 5 and 10 years after diagnosis of CD
was 16.3%, 33.3% and 46.6%, while that in UC is 4.9%, 11.6% and
15.6% respectively.*

The therapeutic regimen of CD and UC bears several similar-
ities. Medical treatments include 5-aminosalicylates for UC, and
corticosteroids immunomodulators (IM, eg azathioprine, metho-
trexate or mercaptopurine) for both UC and CD. Biologic therapies
have been available for more than 20 years to provide patients
with moderate-to-severe disease with the best therapeutic op-
tion for the induction and maintenance of remission.>® In clinical
practice, three major classes of biologics are approved for IBD:
tumour necrosis factor (TNF) alpha antagonists, integrin and in-
terleukin-12/23 antagonists.” In addition to the assessment of the
severity and activity of the disease, and to risk stratification, the
optimal treatment decision involves individual and financial con-
siderations.®? The lifetime treatment strategy focuses not only on
the induction and maintenance of remission but also on complete
mucosal healing to prevent complications of the disease. Treatment
with IMs and biologics improves the quality of life, reduces cor-
ticosteroid requirements and its consequences, but toxicity may
occur.® When treated with IMs or biologics, moreover, with the
combination of both agents, serious concern exists about oppor-
tunistic infections (eg tuberculosis, histoplasmosis). Studies of the
CESAME cohort have highlighted the risks and consequences of
IMs concerning the increased risk of lymphoproliferative, skin and
urinary tract malignancies.?*4

Despite the consensus and guidelines for remission maintenance
IBD therapies, our knowledge of withdrawing effective therapies in
remission is uncertain.’® Several rationales for stopping treatment
exist, such as reducing total health care costs, adverse events (AE)
or serious adverse events (SAE), and patient-specific factors are
also considered (eg adherence to treatment, life events [pregnancy,
breastfeeding], long-lasting remission).”

Recently, The European Crohn's and Colitis Organisation pub-
lished a consensus on stopping treatment, called 'exit strategy'” In
UC patients with mild clinical course and complete mucosal healing,
dose reduction in 5-aminosalicylates can be considered but 5-amin-
osalicylates should be continued in the long term to reduce the risk
of relapse and colorectal cancer.'” In the case of IM monotherapy in
CD, an early cohort study found a similar relapse rate after 4 years

in remission, regardless of whether IM therapy was continued or
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not.} In CD, recent randomised controlled trials (RCTs) and ob-
servational studies with different follow-up periods showed an in-
creased relapse rate after IM withdrawal.}”"2* Unfortunately, fewer
studies were performed in UC than in CD.?>?% |n three RCTs, IM
withdrawal in CD patients treated in combination with biologic
therapy resulted in a similar relapse rate compared to that of contin-
ued combination therapy.27'29 In a recent meta-analysis, the overall
risk of relapse after anti-TNF withdrawal was 30%-40% at 1 year,
and 50% at 2 years, but there is a lack of controlled, high-quality
studies in this area.>®

The aims of the present study were to systematically review and
meta-analyse the efficacy and safety of discontinuation of IMs or
biologics in both UC and CD.

2 | METHODS

We reported our meta-analysis following the rules of the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) Statement (Table 5$1).3! The protocol was registered
in the International Prospective Register of Systematic Reviews
(PROSPERO, registration ID: CRD42020155848).

2.1 | Search strategy

Our search was conducted from inception until 5 September 2020
in the following five electronic databases: MEDLINE (via PubMed)
(http://www.ncbi.nlm.nih.gov/pubmed), Embase (https://www.
embase.com), the Central Cochrane Register of Controlled Trials
(CENTRAL) (http://www.cochranelibrary.com), Web of Science
(www.webofknowledge.com) and Scopus (https://www.scopus.
com/). In Scopus and Web of Science, title and abstract fields were
used; on the other sites, all fields were used, and no restrictions were
applied. Manual search was also performed in the reference lists of
the included studies to identify additional studies.

We set up a search query based on the PICO formula. We ex-
amined the population (P) of patients with IBD in remission after
de-escalation or withdrawal of effective therapy. Only studies
dealing with patients in stable remission on therapy were included.
Withdrawal was defined as the complete discontinuation of the
drug. De-escalation of treatment was defined as either decreasing
the dose or increasing the therapeutic interval of the drug. Analysing
the intervention (l) item, four groups were defined: 11 withdrawal
of IM monotherapy, 12 withdrawal of an IM from the combination
therapy, I3 withdrawal of biologic monotherapy and 14 withdrawal
of a biologics from the combination therapy. The comparators (C)
were patients with IBD on ongoing medication. In our meta-analysis,
we searched for biologic agents included infliximab (IFX), adalim-
umab, certolizumab, golimumab, vedolizumab and ustekinumab; and
IMs (azathioprine, mercaptopurine and methotrexate). The primary
outcomes (O) consisted of the relapse rate after 1 and 2 years of

follow-up. The secondary outcomes were AEs and SAEs, and we also


http://www.ncbi.nlm.nih.gov/pubmed
https://www.embase.com
https://www.embase.com
http://www.cochranelibrary.com
http://www.webofknowledge.com
https://www.scopus.com/
https://www.scopus.com/
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aimed to identify the predictive factors of relapse. The full-length
search key can be found in the appendix (Table S2).

2.2 | Study selection and eligibility

After the systematic search and import of all references into a refer-
ence management software (EndNote X8, Clarivate Analytics), dupli-
cates and overlapping records were removed. The potentially eligible
records were screened based on title and abstract, independently
by two authors (DD and PP). The same two authors screened the
full texts or abstracts of the remaining articles for eligibility. A third
author (PS) resolved discrepancies when necessary.

RCTs and cohort studies comparing the relapse rate after stop-
ping an effective treatment versus ongoing therapy according to
the pre-defined PICO were eligible for inclusion. Findings of co-
hort studies were narratively synthesised in systematic review only.
Conference abstract was included as well. We excluded clinical trials
recruiting patients with active disease without reaching remission.

2.3 | Data extraction

Two independent investigators (DD and PP) extracted the data sepa-
rately, and disagreements were resolved by consensus. The following
predefined data were extracted from each study: first author, year of
publication, study design, the form of publication (full-text/abstract)
and the number of participating centres. Sample size and gender dis-
tribution, age at discontinuation of the drug, predictive factors of
relapse (smoking, disease phenotype, C-reactive protein, haemoglo-
bin, steroid-free treatment period), IBD type and the definition of
remission and relapse, and received drugs (before and after discon-
tinuation of IM or biologic therapy) were also recorded. Most impor-
tantly, data on disease activity were collected to assess remission or
relapse of the disease. For safety analysis, AEs and SAEs were also
collected and categorised following the International Conference
on Harmonisation of Technical Requirements for Registration of
Pharmaceuticals for Human Use-Good Clinical Practice (ICH-GCP)

consensus guidelines.*?

2.4 | Risk of bias assessment

The revised Cochrane risk-of-bias tool for randomised trials (RoB2)
was used for the risk of bias assessment of the included RCTs.® Bias
was assessed in five different domains: randomisation process, de-
viations from intended interventions, missing outcome data, meas-
urement of the outcome and selection of the reported results. After
evaluation, the risk of low, some concerns and high bias were indi-
cated with green, yellow and red signs respectively.

The Risk of Bias In Non-Randomized Studies-of Interventions
(ROBINS-I) tool was used to assess the risk of bias of the included
observational studies.* Seven different items of bias were assessed:

DOHOS ET AL.

confounding, selection of participants, classifications of interven-
tions, deviations from intended interventions, missing data, mea-
surement of outcomes and selection of the reported outcome. At
the end, an overall bias assessment was performed. After evaluation,
low, moderate, serious, critical risk of bias or no information was in-
dicated with light green, light blue, yellow, dark green and dark blue
respectively.

The two authors (DD and PP) first assessed risk of bias within the
selected studies independently, and disagreements were resolved
by the opinion from a third investigator (PS). Results of the risk of
bias assessment were discussed when assessing the limitations of

the individual studies.

2.5 | Quality of evidence

The Grading of Recommendations Assessment, Development, and
Evaluation (GRADE) was used for estimating the quality of evidence
for the primary outcome of the meta-analysis.>> Outcomes were
tested based on five criteria: risk of bias, inconsistency, indirectness,
imprecision and publication bias. The overall quality of the evidence
for each outcome was graded as high, moderate, low or very low.
Grading was performed independently by two authors (DD, SzK),
and disagreements were resolved by a third author (PS).

2.6 | Statistical analysis

Data analysis was based on the intention-to-treat principle. Risk
ratios (RRs) were calculated for dichotomous outcomes with 95%
confidence intervals (Cl). The random-effects model was used for
all analyses with DerSimonian-Laird estimation.?® Statistical het-
erogeneity was assessed using Cochrane's Q, the 12 statistics and
chi?. According to the Cochrane Handbook for Systematic Reviews
of Interventions, heterogeneity was interpreted moderate between
30% and 60%, substantial between 50% and 90% and as consider-
able above 75%.%7

We planned to investigate the predictive factors of relapse by
pooling RRs or hazard ratios; however, data were seldom and not
truly comparable.

We planned to evaluate publication bias by Egger's test and vi-
sual inspection of the funnel plot.

We also performed Trial Sequential Analysis (TSA) for the pri-
mary outcomes to determine whether further randomised trials with
similar design are needed.3® Using this methodology, the information
size of trials can be combined with the threshold of statistical sig-
nificance. Reliable evidence is obtained with crossed trial sequen-
tial monitoring boundaries (red lines in the corresponding figures).
Statistical analyses were performed with Stata 16 (StataCorp LLC,
College Station, Texas, USA) and Trial Sequential Analysis Program
version 0.9 beta (available from www.ctu.dk/tsa).

Subgroup analyses were performed to analyse if the applica-

tion of placebo (placebo and placebo-free studies after therapy


http://www.ctu.dk/tsa
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withdrawal in the intervention arm) and disease type (CD and UC)
affect the relapse rate.
A leave-one-out sensitivity analysis was performed to test if the

removal of any study changes the association.

3 | RESULTS
3.1 | Study selection

After the selection of the 46,673 records, 10 RCTs were eligible for

inclusion in meta-analysis. In systematic review, an additional RCT
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with insufficient data for meta-analysis®® and 8 cohort studies were
discussed. The study selection is detailed in Figure 1.

3.2 | Characteristics of the studies included

The characteristics of the studies included are summarised in Table 1.
The studies were published between 1978 and 2020. Eleven of 19 stud-
ies were RCTs. Studies reported data from Europe (n = 12), America
(n = 2), Africa (n = 1) and Asia (n = 4). Patients with CD were studied
in 13 studies!’24272940-42 54 patients with UC in 4 studies,25’2(”3c”'43

and 2 studies recruited both CD and UC population.**** Clinical

)
Records identified through database searching Additional records identified by
(n=46,673) manual search of reference lists
s PubMed: 8,889, EMBASE: 11,907, CENTRAL: (n=13)
§ 1,778, Web of Science: 9,538, Scopus: 14,598
::GE:)
2
\ 4 A
—
o Records after duplicates removed
(n=19,245)
2
&
g Records screened by title
@ and abstract
(n =19,245) Records excluded based on
title and abstract
> (n=19,148)
—
.
Full-text articles assessed Full-text articles excluded
for eligibility because (n = 78)
(n=97) - ongoing study (n = 1)
- |- repeated study (n = 6)
5 " | - inappropriate study design
-U_QJ’ for inclusion (n = 8)
Studies included in - not matching with our
qualitative synthesis PICO (n =62)
(n=19) - missing data (n = 1)
—— o
g Full-text articles excluded
o ] because (n =9)
3 StUd"es_ included |n‘ - observational studies (n = 8)
3 quantitative synthesis - RCT, insufficient data for
e (meta-analysis) analysis (n = 1)
(n=10)

FIGURE 1 Flow chart of study selection
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TABLE 1 Characteristics of the studies included

Author, year

Study type
(number of
centres)

IBD
type

Number
of
patients
in the
IG

Studies for withdrawal of IM monotherapy

Candy et al,
19952

O’Donoghue

etal, 1978

Feagan et al,
20007

Hawthorne

etal, 1992%

Kim et al,
19992

Lémann et al,
2005"

Lobel et al,
20042

Sokol® et al,
2009%

Vilien et al,
2004%°

Wenzl et al,
2014%

RCT (1)

RCT (1)

RCT (7)

RCT (5)

Prospective
cohort (1)

RCT (12)

Prospective
cohort (1)

Retrospective
cohort (NA)

RCT (NA)

RCT (2)

CD

CD

CD

uc

CD

CD

uc

CD

CD

CD

19

27

36

34

36

43

22

47

15

26

Male n (%)
inthelG

11 (36.70)

11 (40.70)

22(61.10)

22 (64.70)

22(61.10)

18 (41.90)

10 (45.40)

NA

NA

13 (50)

Age at
intervention
(years) in
the IG

57.5 (48-64)°

40.5(22-65)°

34 4+ 2¢

44 (19-82)°

31.1(14.80-
68.50)°

36+ 11¢

42 (25-29)°

NA

47 (23-73)°

39.30 +
11.80¢

Studies for withdrawal of an immunomodulator from combination therapy

Choi® et al,
2010%

Retrospective
cohort (1)

CD

7

NA

NA

Number
of
patients
in the
CG

40

33

84

40

39

94

14

26

15

DOHOS ET AL.

Age at
intervention
Malen (%) (years)in
inthe CG  the CG
7(21.20) 339
(15-60)°
11(45.80) 40 (21-78)°
16 (40) 32+ 2¢
12(36.40) 44 (23-73)
33(39.30) 37.4(15.30-
81.20)°
19 (47.50) 40 + 14¢
20(51.30) 51 (20-73)°
NA NA
NA 33(22-63)°
16 (61.50) 38.20 +
11.90¢
NA NA

Drug

AZA

AZA

MTX

AZA

MP

AZA

MP

AZA

AZA

AZA

AZA+

IFX

Follow-up Definition of

(months)

12

12

10

12

6-150

18

40
(4-344)°

60

12

24

12

remission

Clinical
(CDAI < 150)

Clinical (constant
clinical state)

Clinical (absence
of the need for
prednisone and
CDAI < 150)

Clinical and
endoscopic
(absence of
symptoms
without
steroids and
sigmoidoscopy:
gradeOor 1)

Clinical (HBI < 4)

Clinical
(CDAI < 150)

Clinical (at least
4 of 5: absence
of diarrhoea/
abnormal
endoscopic
findings/gross
blood in the
stool, patient's
subjective
assessment,
doctor
assessment)

NA

Clinical

Clinical (without
the need of oral
prednisone,
CDAI < 150)

NA

Definition of
relapse

Clinical
(CDAI > 175)

Clinical
(deterioration
requiring
change in
treatment)

Clinical
(ACDAI = 100
point/
prednisone/
anti-metabolite
use)

Clinical
(worsening
symptoms)

Clinical (HBI = 4)

Clinical
(CDAI 2 250, or
CDAl between
150 and 250,
ACDAI =75
points/need
for surgery)

Clinical
(recurrence
of the original
symptoms)

NA

Clinical
(ACDAI = 75
and
CDAI > 150)

Clinical
(increased
disease activity
with the
need of oral
corticosteroid)

Clinical
(requiring
surgery or
corticosteroid
treatment)

(Continues)
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TABLE 1 (Continued)
Number Number
of Age at of
Study type patients intervention patients
(number of IBD inthe Malen (%) (years)in in the

Author, year  centres) type IG inthe IG the IG CG

Hisamatsu RCT (NA) CD 29 22(75.86) 35+ 144 23
etal, 2019%

Roblin et al, RCT (1) CD, 26 12 (46.10) 31 (19-63)° 28
20174 uc

Van Assche  RCT (NA) cD 40 19 (47.50)  35.40 + 40
et al, 2008% 10.80¢

Yerushalmy- Retrospective CD, 32 NA NA 32
Feler, cohort (NA) uc

etal, 2018%

Studies for withdrawal of biologic monotherapy

Fiorino® etal, Retrospective UC 111 NA 35.6 (29.10- 82
2016 cohort (12) 47.50)"

Kobayashi® RCT (23) uc 46 NA NA 46
etal, 2020%

Studies for withdrawal of a biologic from combination therapy

Chauvinetal, Retrospective CD 54 24 (44.40) 33 (23-24)f 38
20144 cohort (1)

Wynands Retrospective CD 16 9 (56.20) 10.3 + 20
etal, 2008°  cohort (1) 2.50%¢

Abbreviations: IG, intervention group; CG, control group; RCT, randomized controlled trial; CD, Crohn’s disease; UC, ulcerative colitis;
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Age at
intervention
Malen (%) (years)in Follow-up Definition of Definition of
inthe CG  the CG Drug (months)  remission relapse
18(78.26) 35+ 11¢ AZA/ 12 Clinical NA
MP + (Corticosteroid-
ADA free remission,
CDAI < 150)
16(57.10) 30(20-60)" AZA+ 13 Clinical and Clinical
IFX endoscopic (CD:
CDAl < 150,
FC <250 ug/g;
UC: Mayo
score < 3,
endoscopic Mayo
subscore 0-1
and stool blood
subscore 0)
17 (42.50) 35.60 + IM + 24 NA NA
9.50¢ IFX
NA NA IM + 191 NA NA
anti- (6.5-24)°
TNF
NA 35.8(26.20- IFX 12 Clinical and Clinical and
46.10)f endoscopic (Mayo  endoscopic
subscore < 2; (Mayo
Mayo endoscopic score > 2
subscore < 1) with rectal
bleeding and
endoscopic
subscore > 1)
NA NA IFX 11 Clinical NA
11(28.9) 30(24-42)"  IFX+ 47.1(4.4- Clinical, HBl < 4 Clinical, HBI > 4
AZA 110.2)"
or
MTX
12 (60) 10.70 + IFX + 12 Clinical, HBI < 5 Clinical, HBI > 5
2.20%8 AZA
or
MTX

CDAI, Crohn'’s disease activity index; HBI, Harvey-Bradshaw index; FC, fecal calprotectin; AZA, azathioprine; MTX, methotrexate;

MP, mercaptopurine; IFX, infliximab; ADA, adalimumab; NA, not available.

@Abstract.
bMedian (range).
‘Mean (range).
9Mean + SD.
*Median (IQR).
EAt diagnosis.

relapse was determined in 1417-23252640-44 3 remission in 15 stud-

ies'17»23,25,26,29,39-41,43,44

while endoscopic activity was reported in only
3 studies.?>*3* Studies used different types of indices to define clini-
cal remission and relapse, such as the Crohn's Disease Activity Index,*
the Harvey-Bradshaw Index*” and the Mayo score.*® In the UC studies,
the Mayo endoscopic subscore and a grading scale based on the pub-

lication of Baron et al were used to define endoscopic remission.*®4’

Studies were classified into four groups based on the discon-

tinued drug: withdrawal of IM monotherapy (n = 10),”2¢ IM from

combination with biological therapy (n = 5),272%424445 Kiological

monotherapy (n = 2)°743

and a biologics from combination with IM
(n = 2) groups.*%4! Altogether, the most commonly used IM was aza-
thioprine in 12 studies,}’20:23-25.27.294142:44 4| |0wed by mercapto-

purine in 52426272241 and methotrexate in 3 studies.?%?74! |FX was
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27,40-44

examined as a biologic in 6 withdrawal studies, adalimumab

was used only in 1 study after IM withdrawal from combination
regimen.?’

Sixteen of 19 studies compared drug discontinuation to ongoing
therapy, while 3 of 19 studies, where IM was withdrawn, compared
placebo in the intervention group to ongoing medication in the con-
trol group.t”*822 A dose reduction or an increase in the therapeutic
interval of the drug was found in only 1 study,** so that we were
unable to create a 'de-escalation' subgroup in meta-analysis.

Difference in the length of stable remission on therapy was
considerable across the studies, with a duration of remission of at
least 3 to 42 months; the longest remission period was in the study
of Lémann et al*’ Time to relapse ranged from 6 to 150 months
in the retrospective cohort studies. In the study of Kim et al, the

DOHOS ET AL.

follow-up extended up to 150 months,?* while Feagan et al reported
only 10 months of follow-up.?? Of the 16 studies, only 3 mentioned

re-treatment strategy and its results.?23%4!

3.3 | Result for withdrawal of immunomodulator
monotherapy

Seven of 10 RCTs, including a total of 334 and 67 patients with
CD and UC, respectively, assessed the rate of relapse after ther-
apy withdrawal compared to continued therapy.’-?%222325 The
follow-up time ranged from 10 to 24 months across the studies.
There was a significantly higher relapse rate after stopping IM com-

pared to ongoing therapy (RR = 1.85, 95% Cl: 1.44-2.38, P < 0.001),

(GY)

Study, year Events, Events, %

RR (95% Cl) IG CG  Weight
cD
Feagan et al., 2000 —— 1.75(1.06, 2.87) 22/36 14/40 2595
Wenzl etal., 2014 o 2.00(0.69,583) 826 426 558
Candy et al, 1995 = 215(1.31,353) 1719 1024 2578
0" Donoghue et al., 1978 T 2.44(0.90,6.67) 1127 424 634
Vilien et al, 2004 T 249(0.82,755) 815 314 519
Lémann et al., 2005 -'—-E—"— 279(0.81,958) 9/43 3/40 420
Subtotal (-squared = 0.0%, p = 0.968) O 2.06 (1,53, 2.77) 751166 38/168 73.05
uc '
Hawthome et al., 1992 T+ 1.39 (0.85,2.26) 20/34 14/33 2695
Subtotal > 1.39 (0.85,2.26) 20/34 14/33 2695
Overall (I-squared = 0.0%, p = 0.832) @ 1.85 (1.44, 2.38) 95200 52/201 100.00
NOTE: Weights are from random effects analysis E

T T
.01 1 10
favours IM withdrawal favours maintenance therapy
B)
Study, year Events, Events, %
RR (95% Cl) IG CG  Weight
Without placebo controlled ‘
Hawthorne et al., 1992 TET 1.39 (0.85, 2.26) 20/34 14/33 26.95
Wenzl etal., 2014 ——— 2.00(0.69,5.83) 826 426 558
Candy et al, 1995 = 215(1.31,353) 1719 1024 2578
Vilien et al., 2004 —_— 249(0.82,755) 815 314 519
Subtotal (I-squared = 0.0%, p = 0.582) <> 1.79(1.31,2.46) 53/94 31/97 63.51
With placebo controlled {
Feagan et al., 2000 —— 1.75(1.06, 2.87) 22/36 14/40 25.95
O’ Donoghue etal., 1978 —— 244(090,6.67) 1127 424 634 FIGURE 2 Results for withdrawal of
Lémann et al., 2005 T——— 279(0.81,958) 9/43 3/40 420 immunomodulator monotherapy within
Subtotal (I-squared = 0.0%, p = 0.685) <> 1.95 (1.29, 2.97) 42/106 21/104 36.49 24 months of follow-up compared to
] ongoing treatment. Subgroup analysis
Overall (l-squared = 0.0%, p = 0.832) 0 1.85(1.44,2.38) 95200 52/201 100.00 of patients with Crohn's disease and
NOTE: Weights re from randomeflects analysis ! ulcerative colitis (A) and subgroup analysis
of studies with placebo and without

T T
.01 1 10
favours IM withdrawal  favours maintenance therapy

placebo control after drug discontinuation
(B)
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with negligible between-study heterogeneity (12 = 0%, P = 0.832)
(Figure 2). Subgroup analyses for CD and UC revealed a significantly
higher relapse rate in CD but not in the single study of UC (RR = 2.06,
95% Cl: 1.53-2.77, P < 0.001, and RR = 1.39, 95% Cl: 0.85-2.26,
P = 0.189 respectively) (Figure 2A). In a subgroup analysis, the re-
lapse rates were significantly higher after discontinuation of the IM
therapy in studies with or without placebo control (RR = 1.95, 95%
Cl: 1.29-2.97, P = 0.002; I> = 0%, P = 0.832 and RR = 1.79, 95% ClI:
1.31-2.46, P < 0.001; 1> = 0%, P = 0.582 respectively) (Figure 2B).
However, when we analysed only the five RCTs with a uniform

follow-up of 12-months, the relapse rate remained significantly

FIGURE 3 Results for withdrawal of
immunomodulator monotherapy within
12 months of follow-up compared to
ongoing treatment
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higher after stopping IM monotherapy compared to control patients
treated with continued therapy (RR = 1.81, 95%Cl: 1.38—2.36,
P < 0.001; I* = 0.0%, P = 0.682) (Figure 3).

No subgroup analysis could be performed with methotrexate or
mercaptopurine due to the low number of studies available. To test
the robustness of the associations, we performed a post hoc leave-
one-out sensitivity analysis by iteratively removing one study at a
time and recalculating the summary RR. The summary RRs remained
stable (Figure S1).

In the three observational studies analysed, increased disease

activity and relapse rates were found after withdrawal of IMs.2%:242¢

Study, year Events, Events, %

RR (95% Cl) IG CG Weight
Hawthorne et al., 1992 ““ 1.39(0.85,226) 20734 1433 29.88
Feagan et al., 2000 + 1.75(1.06,2.87) 22/36 14/40 2876
Candy et al., 1995 —~— 215(1.31,353) 1719 1024 2857
0' Donoghue et al., 1978 ——*— 244(090,6.67) 1127 424 7.03
Vilien et al., 2004 *—'-‘— 249(0.82,755) 815 314 576
Overall (-squared = 0.0%, p = 0.682) @ 1.81(1.38,2.36) 78/131 45/135 100.00
NOTE: Weights are from random effects analysis !

5 .

FIGURE 4 Results for withdrawal of
an immunomodulator from combination

therapy
Study, year

Van Assche et al., 2008

Hisamatsu et al., 2019

Roblin et al.,, 2017

Overall (1-squared = 0.0%, p = 0.641)

NOTE: Weights are from random effects analysis

favours IMwithdrawva  favours maintenance therapy

Events, Events, %

RR(95%Cl) IG CG  Weight

: 1.14(0.65,2.02) 16/40 14/40 68.24
_._ 1.19(0.22,6.53) 3/29 223 758
__.._ 1.94(0.75,5.03) 9/26 528 24.17
5 1.30(0.81,2.08) 28/95 21/91 100.00

T

T
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3.4 | Results for withdrawal of an immunomodulator
from combination therapy

Only 3 of 5 RCTs, including a total of 186 patients with IBD in stable
remission on IM in combination with IFX or adalimumab, analysed
the relapse rate after the withdrawal of an IM from combination
therapy.?72%** No statistically significant difference was observed
between the groups (RR = 1.30, 95% Cl: 0.81—2.08, P = 0,269;
I =0.0%, P = 0.641) (Figure 4). Sensitivity analysis showed that the
removal of any study does not change the direction of the main as-
sociation (shown in Figure S1).

In two retrospective cohort studies, no significant differences
were found between the groups after IM withdrawal from combi-

nation regimen.*?4°

3.5 | Results for withdrawal of biologics from
mono- or combo-therapy

Although our primary aim was to include withdrawal of biologic
monotherapy and a biologic from IM combination treatment in
meta-analysis, we were unable to create this group due to insuffi-
cient data.

One retrospective cohort study, published in abstract form,
compared 111 UC patients who discontinued IFX monotherapy to
82 patients with scheduled IFX therapy. Patients who stopped IFX
showed a higher risk of relapse after therapy withdrawal (hazard
ratio = 3.41, 95% Cl: 1.88-6.20, P < 0.001). Rates of hospitalisation
and colectomy were not different between the groups.*®> One RCT
published in abstract form examined the relapse rate after with-
drawal of IFX monotherapy. Relapse rates at week 48 were 19.6 and
45.7% in the groups in which IFX was continued and discontinued
respectively.®’

Two retrospective studies analysed the withdrawal of a biologic
from the IM combination regimen.*®*! In the study by Wynands
et al, children with CD in long-standing clinical remission discontin-
uing IFX treatment experienced relapse within 1 year in 75% of pa-
tients (12/16), of whom 58% (7/12) underwent surgery or 75% (9/12)
started steroid therapy and required IFX re-treatment (7 of 9 steroid
users).40 However, in the study of Chauvin et al, no significant differ-
ence was observed after IFX withdrawal in CD (hazard ratio = 0.73,
95% Cl: 0.41-1.30, P = 0.29).*

3.6 | Safety analysis

Of the 19 studies analysed, 10 reported the rate of AEs or SAEs.'”"
19.22,23.25,27.29.4044 | most of the articles, the exact number of events
in the different groups was not reported. Therefore, no meta-anal-
ysis could be performed. In the studies, common AEs were iron de-
ficiency, infections (such as Clostridium difficile infection), abdominal

symptoms, arthralgia, rash, insomnia and infusion reactions, whereas
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SAEs included lymphoma, leukopenia, pancytopenia, myelodysplasia
and death (Table S3).

3.7 | Predictive factors of relapse

We intended to collect the potential risk factors from the included
studies to predict relapse. Multivariate analyses of possible predic-
tive factors were performed only in 4 studies.t”!?2¢*! Based on
the differences between the examined factors and cut-off values,
pooled results could not be calculated in our meta-analysis. The pre-

dictive factors are detailed in Table S4.

3.8 | Trial sequential analysis

During TSA of the IM monotherapy withdrawal group within a
1-year follow-up, the cumulative Z-curve (blue line in Figure S2A)
crossed the vertical boundary (red line in Figure S2A), indicat-
ing that the required information size was achieved in the case
of patients with CD (n = 114). There is no need to include further
studies with similar design because results are unlikely to change
(Figure S2A).

The TSA was carried out on the IM monotherapy group within
a 2-year follow-up as well. The results showed a statistically signifi-
cant difference between the groups and reached the required infor-
mation size according to the cumulative z-curve (blue line in Figure
S2B) (n = 156). According to the TSA, further studies with similar
design are unlikely to change the significant results on relapse rates
after withdrawing IM monotherapy in CD (Figure S2B).

TSA proved to be inconclusive in the analysis in the UC sub-
group on IM monotherapy withdrawal (Figure S2C), in that on IM
withdrawal from combination treatment (Figure S2D) and in that
on biologic monotherapy withdrawal (Figure S2E) due to insuffi-

cient data.

3.9 | Risk of bias assessment

Assessments of the risk of bias that included RCTs are shown
in Figure S3A. In the RCTs, the randomisation process was suf-
ficiently described in only 6 of 11 studies. Deviations from the
intended interventions were recorded in 7 of 9 studies. The study
of Kobayashi et al, published as a conference abstract, was judged
to carry a high risk due to the limited information available.®? All
studies were judged to have a low risk for missing outcome data,
except for the study of Van Assche et al, in which many patients
discontinued the trial due to AEs and SAEs,?” and for the study of
Kobayashi et al due to missing data.®’ The 'measurement of the
outcome' domain was rated the best, with 8 of 9 studies being
judged low risk. After evaluating the overall bias, 4 studies were

17,19,22,44

assessed with a low risk of bias, and 6 were rated as
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18,20,23,25,27.29 and 1 intervention

having some concerns risk of bias
was evaluated with high risk of bias.%’

Observational studies were included in the systematic review
part of the article, and the results of the risk of bias assessment are
presented in Figure S3B. Conference abstracts carried the high-
est risk of bias.?4*>43 |n the full-text articles, the pre-intervention
domains, including confounding and selection bias, were mostly
assessed with serious risk of bias. Only the prospective studies
from Kim and Lobel were classified as having a low and moderate
risk of bias.?»'?® The intervention and the post-intervention bias
was considered to carry low risk in prospective studies and mod-
erate risk in retrospective studies. Regarding the overall risk of
bias, retrospective studies were rated as carrying serious risk of
bias,**4%*3 and prospective studies as carrying low?! or moderate
risk of bias.?®

3.10 | Quality of evidence

Based on the GRADE analysis, the quality of evidence for relapse
rates was rated at very low to low. The GRADE assessment of the
main outcome (relapse rate) showed low quality of evidence for
the analyses of patients with CD and UC in the IM monotherapy
withdrawal group within 24 months of follow-up. In the 12-month
follow-up studies, relapse rate showed low quality of evidence. Very
low quality of evidence was rated for the main outcome in the IM
or biologic withdrawal from combination regimen groups, and low
quality of evidence was rated for the main outcome in the biologic
monotherapy withdrawal group. The GRADE evidence profile is
shown in Figure S4.

3.11 | Publication bias

Due to the low number of included studies, we could not investigate
publication bias by means of the Egger's test or the visual inspection
of the funnel plots.*®

4 | DISCUSSION

Since IBD is a chronic, relapsing and progressive inflammatory state
of the gastrointestinal tract, potent immunosuppressive drugs and
biological agents are used alone or in combination for treatment.
However, in addition to the effectiveness of different drugs, toxic-
ity, healthcare costs and national regulations should also be consid-
ered.” The feasibility of therapy withdrawal after medically induced
remission is a common scientific question, and several systematic
reviews have recently addressed this issue.”*>%%:51-53

Firstly, we assessed the effect of withdrawal of IM monother-
apy, where the results showed an almost twice as high chance of
relapse at both 1 and 2 years after therapy withdrawal than with

continued therapy. A twofold relapse rate was detected only in the
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CD subgroup but not in UC. This result should be interpreted with
caution as only one RCT analysed patients with UC.%° Regardless of
the 3 types of IM (methotrexate, mercaptopurine and azathioprine),
all individual studies reported a higher chance of relapse after drug
cessation. In the studies analysed, the duration of stable treatment
appeared to be heterogeneous; hence, our results question the va-
lidity of the traditional 'three-to-four-year cessation rule'. Although
there is a well-known high placebo effect in IBD, no difference was
detected between the two subgroups in which placebo or no pla-
cebo was administered after IM discontinuation.

Secondly, when IM was withdrawn from a combination with
anti-TNF treatment, the relapse rate was not significantly higher.
In the study of van Assche et al, no clinical benefit was found in
continuing combo therapy. However, dual therapy maintained low
C-reactive protein levels and high IFX trough levels.?” Furthermore,
concomitant IM therapy, regardless of the type of IM, influenced
the pharmacokinetics of antibodies against IFX and adalimumab as
well.°*%> A recent meta-analysis confirmed that patients receiving
combination therapy were less likely to develop antibodies.> Higher
levels of antibodies to IFX (28.0 pg/mL) predicted subsequent loss
of treatment response and an increased risk of infusion reactions.®’
However, the trough level of anti-TNF agents during combination
therapy was independent of concomitant IM therapy.>® In the study
of Roblin et al, a dose de-escalation group was also created, where
azathioprine dose reduction resulted in better outcomes than direct
therapy withdrawal, eg stable median trough level, more favourable
pharmacokinetics, and appeared as effective as the continuation of
azathioprine with the full dose.** In combination therapy, a reduced
dose of azathioprine may reduce the production of neutralising an-
ti-TNF antibodies, thereby providing a lower chance of developing
AE and SAE. Although IM withdrawal from combination regimen
carries a higher risk of anti-drug antibody formation, their effect on
clinical outcomes may take longer than a year to become apparent.

The positive effect of adalimumab and IM combo-therapy is still
debated. In the study by Matsumuto et al, adalimumab monotherapy
and adalimumab + azathioprine combo therapy worked equally ef-
fective, but the rate of AEs was lower in the monotherapy group.59
Only one study included in our meta-analysis (DIAMOND?2) applied
adalimumab as a withdrawn biologic agent; in this study, trough
levels of adalimumab were not significantly different between the
groups after azathioprine withdrawal from combination treatment.?’
The immunogenicity of newer biologics appears to be very low (4.2%
against ustekinumab in the IM-UNITI trial®® and 3.7%-4.1% against
vedolizumab in the GEMINI trials).61¢2

Despite these apparent benefits of combo therapy with IFX, IM
withdrawal from combination with biologics remains a preferred ap-
proach of long-term treatment to avoid toxicity, but balancing be-
tween AEs of drugs and disease progression is unavoidable in patients
with severe inflammation and complications.?® Discontinuation of
IM from combination regimens seems to be suitable in patients with
long-standing stable remission treated with other biologics than IFX.

Thirdly, in the retrospective study of Fiorino et al, in which IFX

monotherapy was withdrawn, a higher relapse rate was observed
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in the intervention group.43 Other uncontrolled cohort studies also
reported an increased relapse rate after the withdrawal of a biolog-
ical agent.*%*! In a recent RCT, relapse rates were higher after with-
drawal of IFX monotherapy than that during maintenance IFX.%’ In
a meta-analysis by Gisbert et al, relapse rates at 12 months were 40
and 28% for CD and UC respectively.30 In a retrospective study by
Steenholdt et al, the majority of patients who discontinued IFX while
in remission relapsed over time (88% of patients with CD at 10-year
and 60% of patients with UC at 4.5-year follow-up).®® In two small
retrospective studies, conflicting results were reported on the bio-
logic withdrawal from the combination regimen.*>** Thus, the with-
drawal of biologic agents from both monotherapy and combination
therapy remains an issue. Research to solve unresolved questions is
already underway, eg the ongoing RCT of Chapparo et al evaluates
the relapse rate after withdrawal of a previous biologic therapy (IFX
or adalimumab) from combination regimens in patients with CD or
UC who achieved clinical remission.®* Future work will also focus
on relapse rates following biologic therapy withdrawal in specific
patient groups (such as perianal CD).®® The three-arm SPARE study
compares IFX scheduled maintenance with or without IMs (azathi-
oprine, methotrexate or mercaptopurine) and IM alone in terms of
relapse rate after patients with luminal CD achieved remission for at
least 8 months with combination therapy of IFX and IM.%®

Although a distinction between predictive factors for relapse
would be useful, none of the included studies was able to determine
the exact IBD subpopulation in which drug withdrawal could be safe
and low risk. Factors associated with a higher relapse rate following
IM monotherapy withdrawal were elevated C-reactive protein or
low haemoglobin levels, active smoking and high-risk disease phe-
notype (eg perianal, extensive disease).}7 192641

Patients with high-serum anti-TNF trough levels appear to be at
an increased risk of relapse, ie these patients may probably need to
maintain therapy to avoid relapse.®” On the other hand; low, unde-
tectable anti-TNF trough levels may identify patients with a lower

chance of relapse to discontinue treatment.%®

Using a series of pre-
dictive factors, the time to relapse can be calculated as described
by Ben-Horin et al. In this study, patients at low relapse risk were
in remission for up to 24 months.°® Restarting with the same drug
after a drug holiday could be effective and safe, but there is a higher
risk of developing immunogenicity, infusion reactions and loss of re-
sponse.68 In the case of re-induction, lack of antibodies and concom-
itant IM therapy may shorten the time to therapeutic response.69
Since the goal of IBD therapy is to achieve and maintain clini-
cal and endoscopic remission,> endoscopic assessment should be
considered when deciding to withdraw the drug. Withdrawal of bio-
logics in a study population not selected based on endoscopic find-
ings may result in lower remission rates. Mucosal healing seems to
reduce the risk of relapse after discontinuation of anti-TNF agents.67
Assessment of mucosal healing and disease flare-up can be per-
formed not only by invasive endoscopic examination but also by
using faecal calprotectin as a non-invasive marker.”® Unfortunately,
the majority of studies included in our meta-analysis only assessed

relapse rates after clinical but not endoscopic remission. However,
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more recent data suggest that a lower relapse rate can be expected
in the presence of endoscopic or histological remission after drug
withdrawal.2%”! After discontinuation of anti-TNF in CD, a previous
meta-analysis showed a 42% relapse rate after clinical remission, in
contrast to 26% when endoscopic remission was also achieved.%°
Similar results were observed in patients with UC, more patients
experiencing clinical and endoscopic relapse than clinical relapse
alone (58 and 42%, respectively) during the median 13-month fol-
low-up period.”* Moreover, a recent study confirmed the superiority
of histological remission over histologically active disease in terms
of relapse rate.”?

Our meta-analysis has several limitations suggesting caution in
interpreting the results. Firstly, we were unable to create more ho-
mogenous groups for meta-analysis in terms of remission duration.
Secondly, the number of studies analysing patients with UC was low,
confirming the need for further controlled verification studies in this
area. Thirdly, our pre-defined secondary outcomes could not be met
due to the lack of studies. Fourthly, in most studies, clinical criteria
without ruling out active inflammation with objective tools (eg cal-
protectin, endoscopy or cross-sectional imaging) were used to define
remission. There were studies that did not report a precise definition
of remission and relapse. Fifthly, the data on IM withdrawal from
combination therapy were scarce so that we were unable to reach
sufficient statistical power (see results of TSA). Finally, we could not
evaluate other biologics than IFX as withdrawn drug (eg adalimumab,
vedolizumab or ustekinumab) as no studies have been published in
this field.

In summary, the present meta-analysis confirms that the with-
drawal of IM monotherapy increases the risk of relapse in patients
with quiescent CD. According to the GRADE approach, the certainty
of evidence is low, so that further studies may change the results.
However, in TSA, the statistical power reached the required level,
meaning that future studies with similar design will be unlikely to
change the results. Results from UC and combination treatment
groups should be treated with caution due to the low number of
studies without high quality of evidence. The present findings may
highlight the importance of this topic and the need for further RCTs
to facilitate decision making in everyday practice. Further research
is expected to shed light on the exact timing and optimal group of
patients to discontinue treatment, and the rule of therapeutic drug
monitoring at the time of drug cessation. However, it is recom-
mended to make individual decisions; predictive factors of relapse,
evidence of mucosal healing (including laboratory, endoscopic or ra-
diological techniques) should be included in the risk/benefit analysis

prior to therapy withdrawal.
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