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Summary

Background: Thiopurines remain recommended as maintenance therapy in patients
with inflammatory bowel disease (IBD). Despite their widespread use, long-term ef-
fectiveness data are sparse and safety is an increasingly debated topic which thwarts
proper delineation in the current IBD treatment algorithm.

Aims: To document effectiveness and safety of thiopurine monotherapy in patients
with IBD, using the population-based IBD South-Limburg (IBDSL) cohort

Methods: All patients starting thiopurine monotherapy as maintenance between
1991 and 2014 were included. Therapy was defined as effective if there was no
escalation to biologicals, no course of corticosteroids, no surgery and no hospitali-
sation for active disease during treatment. Long-term effectiveness was assessed
by adjusting for differences in follow-up using Kaplan-Meier analyses. Mid- to
long-term safety regarding cancer incidence and clinically relevant liver disease was
documented.

Results: In total, 1016 patients (643 Crohn's disease [CD]; 373 ulcerative colitis [UC])
received thiopurine monotherapy at a median of 15.2 (Q1-Q3 4.2-48.5) months
after diagnosis. During follow-up, effectiveness rates at 1, 5 and 10 years were 64%,
45%, 32%, respectively, in CD and and 66%, 41%, 36%, respectively in UC. No sta-
tistically significant differences in effectiveness were observed after stratification
for era of initiation (pre-biological vs biological, CD: p =0.56; UC: p =0.43). Sixteen
non-melanoma skin cancers (incidence rate [IR] 3.33/1000 PY), five lymphomas (IR
1.04/1000 PY) and one urinary tract cancer (IR 0.21/1000 PY) were recorded. Two
cases of portal hypertension were identified.

Conclusion: In real-world practice, thiopurine monotherapy remains effective, safe
and durable for patients with CD or UC, including in the era of biologics.

Conference presentation: Part of this work was presented at the ECCO’21 Congress (Digital Oral Presentation 54).
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1 | INTRODUCTION

Thiopurines have held a place in the treatment of Crohn's disease
(CD) as well as ulcerative colitis (UC) patients for over 40years.
Thiopurines have proven to be valuable in maintaining (medically
induced) remission, corticosteroid-sparing regimens, reducing post-
operative recurrence, delaying disease progression, and, in combi-
nation with anti-TNF, in preventing anti-drug antibody formation
with or without increasing through levels.)” Aside from their ef-
fectiveness, thiopurines are an attractive treatment option due to
their widespread availability, oral administration route, well-outlined
knowledge of potential adverse events, lack of immunogenicity
and accessibility due to lower costs compared to biologicals or
biosimilars.

Despite the growing armamentarium of biologicals, thiopu-
rines are still recommended as monotherapy in first or second-
line maintenance treatment in patients with moderate-to-severe
CD and steroid-dependent UC in current and recent interna-
tional Inflammatory bowel disease (IBD) treatment guidelines.8!
Although extensively and widely used, effectiveness is an increas-
ingly debated topic, particularly since the introduction of biologicals
and the overall quality of evidence for their efficacy remains low.
In trials with strongly-selected CD patients, such as in the RAPID
and AZTEC trials, no statistical difference in efficacy was observed
when comparing early use of azathioprine to either placebo or con-
ventional thiopurine use respectively. In two older randomised trials
conducted in UC patients, no benefit for thiopurines was found.*?"*
In addition, in the early years of infliximab therapy, combination
therapy resulted in higher rates of clinical and endoscopic remis-
sion in comparison to monotherapy of thiopurines or infliximab.>
In observational studies in real-world settings it has been suggested
that thiopurine monotherapy benefits IBD patients. However, these
studies were limited by relatively small numbers or short follow-up
of patients.’®2® Furthermore, in a recent large observational study
from the UK, a lower, overall effectiveness rate of thiopurine mono-
therapy in CD patients as compared to UC patients was reported
and the authors suggested a potential re-evaluation of thiopurine
use in CD.2*

Another frequently debated concern over thiopurines is its
safety profile, including an increased risk of (viral) infections (e.g.
Epstein-Barr virus [EBV]; human papillomavirus [HPV]), potential
liver manifestations (e.g. hepatotoxicity and nodular regenerative
hyperplasia [NRH]) as well as the long-term risk of non-melanoma
skin cancers (NMSC), lymphomas, urinary tract cancer and cervical
cancer.2>728 These safety issues, in combination with the sparsity of
long-term data on thiopurine effectiveness, opened discussions on
the benefit-risk balance of thiopurines in comparison to biologicals.
However, biologicals and small molecules have also been associated
with an increased risk of opportunistic and serious infections, as well
as certain cancers, and long-term population data on safety are still
limited.2%3°
The aforementioned observations concerning the benefit-

risk balance have also fuelled questioning on the position of
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thiopurines in the IBD treatment algorithm.z""31 Interestingly,
particularly in the perspective of consensus guidelines, such as
the ECCO's, a recent international survey among more than 400
IBD physicians revealed that the majority of physicians still re-
sort to thiopurines in a substantial proportion of patients and
believe that thiopurines will still be an important part of the IBD
treatment in the future. Moreover, 70% of respondents (strongly)
agreed that thiopurines are effective as monotherapy in both CD
and UC.%2

In consideration of the ongoing discussion and limited real-world
long-term evidence, this study aimed to assess the long-term effec-
tiveness and safety of thiopurine monotherapy in both CD and UC
patients in a population-based study.

2 | MATERIALS AND METHODS
2.1 | Setting and patients

All included patients in this multi-centre retrospective cohort study
originated from the population-based IBD South-Limburg (IBDSL)
cohort. The IBDSL cohort is a longitudinal, population-based, pro-
spective inception cohort of adult IBD patients, which has been
described previously.33 In brief, this inception cohort was initiated
in 1991 and contains all newly-diagnosed patients with IBD from
the age of 18years and older living in the South Limburg region (the
Netherlands). As a result of a multi-faceted identification strategy
and joint cooperation of all regional hospitals (Maastricht University
Medical Center, and Zuyderland Medical Centre Heerlen and
Sittard), the cohort comprises at least 93% of all patients with IBD in
the South Limburg region. In the present study, 2825 IBD patients
(1663 UC, 1162 CD) were available for analysis.>® All patients were
prospectively followed from the date of diagnosis to the end of cur-
rent data collection (2014), date of migration out of area or death.
The IBDSL study design has been approved by the Ethics Committee
of Maastricht University Medical Center (NL31636.068.10), fol-
lows the declaration of Helsinki, and is registered in ClinicalTrial.gov
(NCT02130349).3

Medical records of each individual patient were thoroughly
reviewed with regard to demographic data, IBD phenotype (ac-
cording to the Montreal Classification), hospitalisations (e.g. dates,
indications and duration of stay), surgeries (e.g. dates, type and
indications) and medication use (e.g. start and stop dates, type
of medication, dose and stop reason). All data were extracted by
trained physicians, researchers and nurses, using standardised
registration forms. In addition, all clinical data, including data
on medication, were updated biennially through chart reviews
by trained researchers to maintain high level of completeness.35
Further details on data collection in the IBDSL cohort have been
described previously.®® Data on malignancies were retrieved from
the nationwide Dutch Pathology Database (PALGA). Of note, bio-
chemical, endoscopic and histological data were not systemati-

cally recorded.


http://clinicaltrial.gov
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2.2 | Design and outcomes

For the purpose of the present study, patients from the IBDSL co-
hort were eligible for inclusion if thiopurine (Azathioprine [AZA],
6-mercaptopurine [6-MP] or 6-thioguanine [6-TG]) monotherapy
was initiated as maintenance during follow-up (allowing therapy
for post-operative prophylaxis and perianal disease in CD). UC pa-
tients with a history of colectomy prior to therapy initiation were
excluded from the analyses as well as patients starting combina-
tion therapy or using other immunosuppressive medication (e.g.
biologicals, methotrexate) prior to thiopurine initiation to avoid
interference from other IBD medical therapies on the study out-
come measures.

The primary outcome was therapy effectiveness. Thiopurine
monotherapy was defined to be effective if (1) no escalation to bi-
ological treatment, (2) no course of systemic corticosteroids (either
oral or intravenously; excluding budesonide, beclomethasone and
locally acting corticosteroids such as enemas and suppositories), (3)
no surgery for active IBD (including (partial) bowel resection as a
result active luminal disease, complications such as stricturing and
penetrating disease; excluding later perianal procedures (e.g. flap
procedures, ligation and stem cell therapy)), and (4) no hospital-
isation for active disease (excluding, e.g. drug administrations and
elective admissions for endoscopies) occurred whilst on thiopurine
treatment. For each patient, data on all outcomes included in the
definition were available. Patients who discontinued treatment
within 12 weeks after initiation were not considered treatment fail-
ures in long-term effectiveness analyses as it is known that mono-
therapy may take 12weeks or more to reach its intended clinical
effect.’¢%” Dates of thiopurine initiation, discontinuation and reason
for discontinuation were retrieved from the medical and pharmacy
records. As for the duration of thiopurine treatment, a temporary
stop/discontinuation (<3 months) or switch to another thiopurine
(e.g. from AZA to 6-MP or 6-TG) was allowed and not considered as
treatment failure.

The secondary outcome was drug safety. Safety was assessed in
a non-specific umbrella concept, distinguishing short-term drug tol-
erability and mid- to long-term drug safety. The latter was assessed
in terms of threatening complications, particularly of oncogenesis
(lymphomas, non-melanoma skin cancers [NMSCs], urinary tract
cancers and cervical cancers) and portal hypertension due to liver
disease. In order to be considered for mid- to long-term safety analy-
ses, a patient had to have at least 12 months of cumulative thiopurine
exposure. Exposure duration was based on previous studies which
demonstrated that the risk of both NMSCs and lymphomas becomes
apparent after 1 year of exposure.s&39 Incidence rates of NMSCs,
lymphomas, urinary tract cancers and cervical cancers were calcu-
lated. In addition, patient records were screened to identify events
of nodular regenerative hyperplasia (NRH) and clinically relevant
manifestations of portal hypertension as potential NRH (excluding
primary sclerosing cholangitis) using an automated search query on
the corresponding ICD-10 codes (e.g. Portal hypertension [K76.6];
NRH [K76.89]; Toxic liver disease [K71.9]; and Oesophageal varices

REZAZADEH ARDABILI ET AL.

with and without bleeding [185.0, 185.9]) in the electronic medical
patient files from both hospitals.

2.3 | Statistical analyses

Clinical characteristics are presented as means with standard devia-
tions (SD) or as medians with quartiles (Quartile 1 [Q1]-Quartile 3
[Q3]) for numerical variables, depending on normality of the under-
lying distribution; and as frequencies with corresponding percent-
ages for categorical variables. Descriptive data, if applicable, were
compared using the independent samples t-test (normal distribution)
or Mann-Whitney U test (nonparametric distribution) for numerical
variables, and the chi-square test for categorical variables.

The long-term effectiveness of thiopurine monotherapy was
estimated in time-to-event [‘time-to-failure’] analyses and illus-
trated in survival curves using Kaplan Meier survival statistics to
adjust for differences in follow-up between patients. Subsequently,
stratified analyses (IBD subtype [CD vs UC], and era of treatment
initiation [CD: pre-biological 1991-1998 vs biological 21999; UC:
pre-biological 1991-2005 vs biological 22006]) were performed
and strata were compared for statistical significance using log-rank
testing. Cox proportional hazards models were built, adjusting for
established clinical characteristics, to determine the association of
several predictors in time-to-event analyses and reported as hazard
ratio (HR) with corresponding 95% confidence intervals (95% Cl).
Model covariates included age at diagnosis, gender, IBD subtype (CD
vs UC), time between diagnosis and treatment initiation, era of treat-
ment initiation, smoking status (only in the CD model, not available
for UC) and disease phenotype according to the Montreal classifi-
cation. Background knowledge strategy was used as model building
strategy, incorporating risk factors described in literature along with
potential confounders.*®*' The proportional hazards assumption
was checked for all included variables.

With regard to safety analyses, incidence rates of NMSCs, lym-
phomas, urinary tract cancers and cervical cancers were calculated
as the ratio between events and patient-years of thiopurine expo-
sure. Rates were expressed per 1000 patients-years and 95% Cls
were calculated using the Mid-P exact test. Data on liver manifesta-
tions were reported descriptively.

All statistical analyses were conducted using SPSS (Version 26.0,
SPSS Inc.) and survival curves were produced using R statistics (ver-
sion 4.0.3) using the ggplot2 package. Two-sided p-values of <0.05
were considered statistically significant.

3 | RESULTS
3.1 | Study population
Out of the 2825 patients in the IBDSL cohort, 1078 (688 CD; 390 UC)

were treated with thiopurines at some point during follow-up. Of these,
a total of 1016 patients (643 CD [63.3%)]; 373 UC [36.7%)) initiated
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thiopurine monotherapy and were included. In the CD cohort, 595 of
643 (92.5%) initiated thiopurine monotherapy as maintenance after/con-
current with steroid induction, 21 of 643 (3.3%) as post-operative proph-
ylaxis, and 27 of 643 (4.2%) for perianal disease. In the UC cohort, all
patients initiated thiopurine monotherapy as maintenance. Flowcharts
outlining both study populations are shown in Figures 1 and 2.

Median time of follow-up was 8.5years (Q1-Q3 5.0-13.2) and
9.8years (Q1-Q3 5.8-14.6) in CD and UC patients, respectively (total
follow-up of 9860 patient-years [PY]/total thiopurine exposure 3731
PY). CD patients were younger at the time of thiopurine monother-
apy initiation (median 35.0years [Q1-Q3 25.0-46.4] vs 44.9years
[Q1-Q3 33.8-57.4]) and started therapy earlier in their disease
course (median 9.7 months [Q1-Q3 3.2-38.8] vs 28.2months [Q1-
Q8 8.4-63.5]) as compared to UC patients. Baseline characteristics
of the study population are summarised in Table 1 and baseline char-
acteristics of the CD cohort stratified for indication of thiopurine

monotherapy are shown in Table S1.

3.2 | Thiopurine monotherapy effectiveness

Of the 1016 patients treated with thiopurine monotherapy, treat-

ment was effective for the total duration of the treatment without
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the need for escalation to biologicals, corticosteroids, surgery and
hospitalisation due to active disease in 229 of 643 (35.6%) CD pa-
tients and 151 of 373 (40.5%) UC patients. Moreover, 54% of these
CD and UC patients were still on thiopurine monotherapy at the
time of data lock (Figures 1 and 2).

As for the duration of treatment effectiveness, median duration
of thiopurine monotherapy survival on time-to-event analyses was
3.2years (95% Cl 2.1-4.3) in CD and 3.3years (95% Cl 2.0-4.6) in
UC patients, corresponding to estimated effectiveness rates (i.e. the
proportion of patients still on monotherapy without therapy failure)
of 64%, 45%, 32% and 66%, 41%, 36% at 1, 5 and 10years after
treatment initiation in CD and UC patients, respectively (Table 2,
Figure 3A,B). Effectiveness rates over time did not differ between
CD and UC patients (p = 0.78, Table 2, Figure 4A,B). In addition, over
time, after stratification for era of treatment initiation (pre-biological
vs biological era), no statistically significant differences in estimated
effectiveness rates were observed between eras in either group
(CD: p =0.56; UC: p = 0.43). Furthermore, a sensitivity analysis was
performed that only included CD patients that initiated thiopurine
monotherapy for maintenance of remission (595/643 CD patients,
92.5%). In this main subgroup, median duration of thiopurine mono-
therapy survival was 3.1years (95% Cl 2.3-4.0), corresponding to
effectiveness rates of 64%, 44% and 30% at 1, 5 and 10years after

Population-based CD Cohort
n=1162

Any use of thiopurine during FU
n =688

= n = 33 prior biological use

4

= n = 8 start combi therapy

*n =4 missing FU data

First-line thiopurine monotherapy
n =643

/\

Early discontinuation (< 3 months)
n =164 (25.5%)

A\ 4

Primary response
n =479 (74.5%)

/\

Early discontinuation (e.g. adverse events, intolerance):
* n = 143 (87.2%) side effects
* n = 6 patients wish

Failure during treatment duration
n =250 (38.9%)

No event during treatment duration
n =229 (35.6%)

*n = 2 remission

) v

* n = 13 stop reason missing

n =124 (54.1%)
still no thiopurine at EFU

n=105 (45.9%) discontinued;
= Side effects (n = 34)

= Reason missing (n = 1)

Recurrence n = 10 (25%)

No recurrence n = 30 (75%)

Recurrence n = 16 (53%)

No recurrence n = 14 (47%)

= Quiescent disease (n = 40)

= Patients wish (e.g. pregnancy)(n = 30)

FIGURE 1 Flowchart outlining study population and main findings of thiopurine monotherapy in CD patients.
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Population-based UC Cohort
n=1663

A 4

n

Any use of thiopurine during FU

=390

= n = 6 prior biological use
= n = 1 start combi therapy

4

=n = 10 missing FU data

A 4

n

First-line thiopurine monotherapy

=373

/\

Early discontinuation (< 3 months)
n =54 (14.5%)

\ 4

Primary response
n =319 (85.5%)

/\

Early discontinuation (e.g. adverse events, intolerance)
= n = 48 (88.9%) side effects
= n = 6 patients wish

Failure during treatment duration No event during treatment duration

n = 168 (45.0%) n =151 (40.5%)

) v

still no thiopurine at EFU

n =83 (54.9%) n=68 (45.1%) discontinued;

= Side effects (n = 45)

* Through levels (n = 1)

| Recurrence n = 0 (0%) I\
[No recurrence n = 10 (100%) |« * Quiescent disease (n = 12)

Recurrence n = 3 (30%) e
No recurrence n = 7 (70%)

= Patients wish (e.g. pregnancy)(n = 10)

FIGURE 2 Flowchart outlining study population and main findings of thiopurine monotherapy in UC patients.

treatment initiation, respectively, consistent with the outcomes of
the total CD cohort (n = 643) (Tables S1 and S2). No sensitivity anal-
ysis was performed in the UC cohort as all patients started thiopu-
rine monotherapy for maintenance of remission.

Regarding therapy failure, 250 CD and 168 UC patients failed
therapy after initial response, respectively. In CD, 82/250 (33.2%)
patients were escalated to biologicals, 9/250 (3.6%) had surgery,
78/250 (31.2%) were hospitalised and 80/250 (32.0%) received
systemic steroids. Of CD patients that were initially hospitalised or
received steroids, 43 and 45 progressed to biologicals and surgery
within the year, respectively. In UC, 28/168 (16.7%) patients were
escalated to biologicals, 1/168 (0.6%) had surgery, 38/168 (22.6%)
were hospitalised and 101/168 (60.1%) received systemic steroids.
Of UC patients that were initially hospitalised or received steroids,
30 and 14 progressed to biologicals and surgery within the year, re-
spectively. In the Cox regression analyses, a stricturing phenotype
(HR 1.42, 95% CI 1.01-1.99, p = 0.044), upper Gl involvement (HR
1.53, 95% Cl 1.02-2.28, p = 0.040) at diagnosis, and younger age
at treatment initiation (HR 0.99, 95% Cl 0.98-1.00, p = 0.048) were
identified as risk factors for thiopurine monotherapy failure in CD
patients. In UC, a longer duration between diagnosis and start of
therapy (HR 0.94, 95% Cl 0.90-0.99, p = 0.015) was associated with
a lower risk of therapy failure (Tables 3 and 4).

In total, 52 patients (76.9% CD, 53.8% female, 20.0% L3) dis-
continued thiopurine monotherapy because of sustained quiescent
disease as judged by physician global assessment (median duration
thiopurine 3.26years, Q1-Q3 1.33-6.57). Of these, 10 patients
(19.2%) experienced disease recurrence after a median time of
1.84years (Q1-Q3 0.91-3.49; median follow-up after thiopurine dis-
continuation: 3.1years). In contrast, treatment discontinuation due
to patients' wish (n = 40; e.g. pregnancy, worry about potential side
effects; 75.0% CD, 67.5% female, 43.3% L3; median duration thio-
purine 1.46years Q1-Q3 0.47-3.67) resulted in disease recurrence
in 19/40 (47.5%, p = 0.004 on comparison) patients after a median of
1.61years (Q1-Q3 0.63-2.48; median follow-up after thiopurine dis-
continuation: 3.3years), depicted in Figures 1 and 2. Baseline char-
acteristics of these groups are presented in Table S3.

3.3 | Safety
3.3.1 | Tolerability
Of the 1016 patients in which thiopurine monotherapy was initi-

ated, 710 (69.9% [CD 70.6%, UC 68.6%]) were treated with AZA,
302 (29.7% [CD 29.2%, UC 30.6%]) with 6-MP and 4 (0.4% [CD
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TABLE 1 Baseline characteristics in the 1016 IBD patients who
started on thiopurine monotherapy

ucC
CD (n = 643/6092 (n = 373/3768
PY) PY)

Age at diagnosis in 32.5[22.9-43.5] 40.2[29.8-53.6]

years, median

[Q1-Q3]
Era of diagnosis, n (%)
1991-1998 146 (22.7) 116 (31.1)
1999-2005 239 (37.2) 159 (42.6)
2006-2011 258 (40.1) 98 (26.3)
Time to thiopurine in 9.7 [3.2-38.8] 28.2 [8.4-63.5]
months, median
[Q1-Q3]
Follow-up in years, 8.5[5.0-13.2] 9.8 [5.8-14.6]

median [Q1-Q3]
Thiopurine dose in mg/day?, median [Q1-Q3]
125[100-150]

Azathioprine 150 [100-150]

6-MP 50 [50-62.5] 50 [50-75]
6-TG 20 [20-20] 20[20-20]
Gender, n (%)
Male 232(36.1) 205 (55.0)
Female 411 (63.9) 168 (45.0)
Smoking at diagnosisb, n (%)
Yes 307 (52.1)
No 282 (47.9)
Disease location at diagnosis, n (%)
uc
E1: proctitis 78 (20.9)
E2: left-sided 193(51.7)
E3: extensive 102 (27.3)
CD
L1:ileal 265 (41.2)
L2: colonic 191 (29.7)
L3: ileocolonic 178 (27.7)

L4: isolated upper 9(1.4)
Gl disease

P: Perianal 55 (8.6)

involvement

Disease behaviour at diagnosis®, n (%)

B1: non-stricturing, 482 (75.0)
non-penetrating

B2: stricturing 114 (17.7)

B3: penetrating 47 (7.3)

Abbreviations: CD, Crohn's disease; PY, patient years; n, number of
patients; Q1-Q3, quartile 1 and quartile 3; UC, ulcerative colitis.
#Median dose of thiopurine monotherapy per mg/day, stratified for the
type of thiopurine. Q1 and Q3 overlap with median in some instances
due to the range of prescribed doses.

PNo data available on smoking status in UC patients, missing smoking
data in 54 CD patients.

‘Phenotype at diagnosis according to Montreal Classification.
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0.2%, UC 0.8%]) with 6-TG as their first thiopurine. In the first
3months, 218 (21.5%) patients discontinued treatment (CD 164
[25.5%], UC 54 [14.5%]), 191 (87.6%) because they were unable
to tolerate thiopurines due to side effects (Figures 1 and 2). In an
effort to identify clinical characteristics associated with early dis-
continuation, on multivariable logistic regression a CD diagnosis
(odds ratio [OR] 1.96, 95% Cl 1.37-2.82, p <0.001) and a diagno-
sis after 2005 (OR 2.23, 95% Cl 1.38-3.59, p = 0.001) were both
associated with treatment discontinuation in the first 3 months
(Table S4).

With regards to the effect of switching thiopurine type on treat-
ment tolerability, a total of 145 patients were switched from thio-
purine during the course of treatment, in 119 due to intolerance
(80/119 [67.2%] from AZA to 6-MP; 39/119 [32.7%] from either AZA
or 6-MP to 6-TG). Of the patients being switched as a result of in-
tolerance, 79/119 (66.4%) were able to tolerate a second thiopurine
(44/79 [55.7%] 6-MP; 35/79 [44.3%] 6-TG). Of note, among the 191
intolerant patients in the first 3 months of treatment, only 33 were
switched.

3.3.2 | Cancer (NMSCs, lymphoma) and liver
manifestations (compatible with NRH)

A total of 653 patients met the criteria for at least 12months of cu-
mulative thiopurine monotherapy exposure, accounting for 4799
PYs of follow-up. During this period, 16 NMSC events (12 basal
cell carcinoma, 4 squamous cell carcinoma; median age at event,
63.0years; 62.5% male; median thiopurine duration, 8.0years), 5
lymphoma events (median age at event, 56.0years; 80% male; me-
dian thiopurine duration, 5.4years), and one urinary tract cancer
event (59-year-old male, 4.9 years after start of thiopurine) were re-
corded corresponding to incidence rates of 3.33 (95% Cl 1.97-5.30)
per 1000 PY, 1.04 (95% CI 0.38-2.31) per 1000 PY and 0.21 (95% CI
0.01-1.03) per 1000 PY, respectively (Table 5). Details on lymphoma
events are presented in Table S5. No cases of cervical cancer were
identified.

As for mid- to long-term liver manifestations, one event of NRH
was identified in a 55-year-old male patient after 3.1years of AZA
use, and one event of portal hypertension as potential NRH of the

liver in a 54-year-old male patient after 16.9 years of AZA use.

4 | DISCUSSION

In this real-world cohort of 1016 IBD patients with 9860PYs of fol-
low-up, we observed a median duration of maintenance thiopurine
monotherapy survival of 3.2years in CD and 3.3years in UC, corre-
sponding to effectiveness rates of over 40% (45% CD, 41% UC) and
30% (32% CD, 36% UC) at 5 and 10years after treatment initiation,
respectively. Interestingly, since the introduction of biologicals, no
differences in these effectiveness rates were observed. Moreover,

of patients in whom therapy was deemed effective, a substantial
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TABLE 2 Estimated thiopurine effectiveness rates on time-to-
event analyses

cD uc
Median survival, years 3.2(2.1-4.3) 3.3(2.0-4.6)
(95% Cl)
% of patients still on thiopurine monotherapy without event? (years)
1 64.4 65.8
5 45.0 40.8
10 31.9 35.6

Log-rank testing CD vs UC®: p =0.78

Abbreviations: Cl, confidence interval; p, p value.

2Estimated percentage of patients still on monotherapy 1, 5 and
10vyears after initiation without need for escalation to biologicals,
corticosteroids, surgery and hospitalisation due to active disease.

PComparison of estimated effectiveness over time between CD and UC
patients.

proportion (54.5%) were still using thiopurine monotherapy at the
time of data lock (median of 9years).

In two meta-analyses of randomised controlled trials, it has been
concluded that sustained remission rates of 73% in CD and 57% in
UC for thiopurine maintenance versus placebo may be expected.'?
In a number of observational cohort studies, it has been reported
that therapeutic benefit may be observed in 40%-75% of patients
using thiopurine monotherapy in CD or UC with various definitions
for effectiveness (e.g. [steroid-free] clinical remission, drug per-
sistence and prevention of disease progression).*¢-224243 However,
most of these studies were limited as a result of modest sample
sizes, duration of follow-up or both. Effectiveness defined as clinical
remission, regardless of corticosteroid use, escalation to biological
or surgery, was reported in a Dutch cohort study of 363 patients
with observed effectiveness rates of 63%, 51% and 42% at 1, 2 and
5years, respectively.!® In another, Italian study, it was observed that
steroid-free clinical remission rates were 87% and 53% at 1 and
5years in a cohort of 192 UC patients.?* More recently, a Belgian
tertiary IBD referral centre observed 34% thiopurine monotherapy
effectiveness at 1 year in a cohort of 780 CD patients.**

In the largest and most recent study to date, thiopurine mono-
therapy effectiveness was investigated in a cohort of 11,928 IBD
patients with 68,132 PY of thiopurine exposure in the UK.?* The
primary outcome was overall effectiveness for the total duration
of treatment based on clinical judgement and was also evaluated in
terms of time from initiation of thiopurine monotherapy to treatment
escalation with biologicals or surgery on time-to-event analysis as
secondary outcome. The authors observed lower overall effective-
ness rates when comparing CD with UC patients (34.2% vs 52.7%).
An important question, however, is if treatment recommendations
should be based on comparisons in effectiveness between CD and
UC, given the differences in natural disease course and indication for
thiopurines in both diseases.

Overall, thiopurine monotherapy effectiveness rates in the
aforementioned studies range from 34%-70% at 1 year to 40%-50%
at 5years in CD patients, and from 60%-87% at 1 year to 38%-64%

REZAZADEH ARDABILI ET AL.

at 5Syears in UC patients. The observed effectiveness rates in our
population-based cohort are in line with the rates presented in most
of these previous studies, including similar effectiveness rates over
time in our CD cohort (1 year: 64%; 5years: 45%; 10years: 32%)
compared to the UK-CD cohort (1 year: 69%; 5years: 45%; 10years:
29%). In addition, and similar to others, we did not detect statistically
significant differences in effectiveness rates over time between UC
and CD patients.!® The differences in reported effectiveness among
these studies may be explained by several factors. First, the use of
various definitions for thiopurine effectiveness. Using a fairly strict
definition for therapy failure, we observed relatively high effective-
ness rates compared to studies using only clinical remission or drug
persistence as a proxy for effectiveness. This may raise the ques-
tion of whether the population in our study had sufficient disease
activity to require treatment in the first place, which may have led
to overtreatment. However, relapse rates after thiopurine discon-
tinuation due to quiescent disease resulted in relapse in only 19% of
patients in our cohort, whereas discontinuation due to patient's wish
(e.g. pregnancy, side effects) resulted in relapse in 47.5% of patients,
indicating a correct indication for treatment.

Another explanation for the variability in effectiveness rates may
be related to differences in study populations between studies. The
low effectiveness rates observed in the tertiary referral centre from
Belgium at 1 year in CD patients, may be the result of the overrepre-
sentation of patients with a more refractory disease course, and may
in turn lead to an early use of biological treatment in these patients
(i.e. defined as failures of thiopurines). The differences in pheno-
typical characteristics are further supported by the risk factors for
therapy failure identified in our cohort, including a stricturing phe-
notype, upper Gl involvement and younger age at treatment initia-
tionin CD, as well as a shorter time between diagnosis and treatment
initiation in UC. These risk factors have all been described previously
and presumably reflect the fact that thiopurines are less effective
in patients with risk factors for disease progression and severe dis-
ease.’®24%% |n contrast, the high effectiveness rates observed in the
UC cohort from the UK, as the authors stated, may be the result
of potential selection bias with underrepresentation of more severe
UC cases and possibly more escalation to biologicals in recent years.
Altogether, these observations underscore that patients with a more
favourable risk profile, potentially or even likely, benefit from thio-
purines, whereas patients with an unfavourable profile might benefit
from the early introduction of biologicals.

In recent years, thiopurines have been increasingly questioned
for their potentially inferior effectiveness compared to biolog-
icals. Since biologicals have now also become the main drivers of
direct healthcare costs in IBD, many low-income countries cannot
afford this type of treatment, inducing worrisome disparities for
patients.45’46 A recent Danish study investigated trends in biologi-
cal use in a population-based cohort of over 6000 biological-naive
IBD patients. Strikingly, persistence rates of first-line biologicals
were low with only 44% and 17% of UC, and 60% and 34% of CD
patients still on treatment after 1 and 3years.*’ Similar secondary

loss of response (LOR) rates have been described in other real-world



REZAZADEH ARDABILI ET AL.

1037
APGT Alimentary Pharmacology & Therapeutics —W | LEYJ—

FIGURE 3 (A)Kaplan-Meier plot (A) 100 =
showing the probability of thiopurine i
monotherapy effectiveness in all Crohn's 90 —
disease patients initiated on therapy - E
o
(1991-2014). (B) Kaplan-Meier plot & 80—
showing the probability of thiopurine § ]
. . S 70 —
monotherapy effectiveness in all g i
ulcerative colitis patients initiated on g 60 —
therapy (1991-2014). £ .
2 50—
o
2 i
5 40—
> i
Z 30—
© ]
Q
e 20
Q- -
10 —
0 ! I ! I ! | ! I I ! | ! I ! I
0 2 4 6 8 10 12 14 16 18

Number at risk

643 196
(B) 100
90
£ 80—
3 ]
s 70 —
=] .
(]
) 60 —
£ 1
2 ]
5 40 =
> ]
T 30—
© .
o)
S 204
n_ 5
10
0 T

Years after thiopurine start

103 61 32 12 5 1 1 0

Number at risk

373 131

observational cohorts and even though biological users are generally
characterised by higher disease severity, these LOR rates are all con-
siderably higher than the rates observed in our and other thiopurine
cohorts.*8-5! While discontinuation of biologicals may also reflect
remission, relapse rates following biological cessation for (clinical)
remission are high, ranging between 30 and 40% at 1 year and up
to 50% after 2years.52’53 These observations once again seem to in-
dicate a role for thiopurines in selected patient groups and highlight
the need for adequate stratification.

The tolerability of thiopurinesis arelevant topic, as approximately
one fifth of patients (21.5%) in the current study discontinued thio-

purines within 3 months after treatment, primarily due to adverse

I T I LI | I L I |
4 6 8 10 12 14 16 18 20
Years after thiopurine start

85 45 19 10 8 7 3 2 0

events such as Gl intolerance (27.7%), hyperlipasemia (29.3%), liver
tests abnormalities (11.5%) and cytopenia (6.3%). Comparable early
discontinuation rates, ranging between 20 and 30%, have been re-
ported in a number of other studies.*'®54-¢ Of the patients who
were rechallenged with another thiopurine after discontinuation,
nearly two-thirds (66.4%) were able to tolerate a second thiopurine,
consistent with reported rates in previous studies.?*>*57 The high
rate of tolerability seen with switching to 6-TG in our cohort (35/39
patients), underlines the potential of optimisation strategies, as doc-
umented before.’” Aside from switching, other optimisation strate-
gies, including co-administration with allopurinol, have also proven

valuable in overcoming therapy toxicity.’®>?
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Concerns regarding safety contribute to a significant extent to
the discussion around the position of thiopurine treatment. The inci-
dence rate of lymphoma in our cohort was 1.04 (95% Cl 0.38-2.31)
per 1000 PY, which is in line with incidence rates in the CESAME
(0.90 per 1000 PY) and other cohorts.2%%%1 As for NMSCs, studies
have consistently reported increased incidence rates in patients re-
ceiving thiopurines.3”? The CESAME cohort observed an incidence
rate of 2.59 per 1000PY for NSMCs in patients aged 50-65years
on thiopurine monotherapy, which is slightly lower than the NMSCs
incidence rate in our cohort (3.33 [95%CI 1.97-5.30] per 1000 PY)

and most likely explained by the limited number of events in both
cohorts.®® Although an increased risk for these specific malignan-
cies has been established with thiopurine use, their absolute risk
remains low and is even further reduced with adequate stratifica-
tion (e.g. EBV serology testing) and precautionary measures (e.g.
dermatological screening and sunscreen use).2>%* Besides that, in
the largest cohort to date from France, thiopurine monotherapy was
not associated with a higher risk of lymphoma compared to anti-TNF
monotherapy in 189,000 IBD patients, whereas the relative risk with

combination therapy was substantially increased.®® With regard to
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TABLE 3 Coxregression analysis of factors affecting time to
thiopurine monotherapy failure in CD patients
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TABLE 4 Coxregression analysis of factors affecting time to
thiopurine monotherapy failure in UC patients

Adjusted HR [95% Cl] p

Age at thiopurine initiation 1.00[0.99-1.01] 0.37
Era of treatment initiation

1991-2005 REF

2005-2011 0.96 [0.64-1.43] 0.82
Time between diagnosis and 0.94 [0.90-0.99] 0.015*

start thiopurine in years

Disease location at diagnosis®

E1: proctitis REF

E2: left-sided 1.09 [0.74-1.61] 0.65

E3: extensive 0.88[0.56-1.38] 0.58
First thiopurine type

AZA REF

6-MP/6-TG 1.10[0.56-1.38] 0.55
Gender, female 1.01 [0.74-1.37] 0.96

Adjusted HR [95% CI] p

Age at thiopurine initiation 0.99 [0.98-1.00] 0.048*
Era of treatment initiation

1991-1998 REF

1999-2011 0.80[0.57-1.14] 0.22

Time between diagnosisand  0.96 [0.91-1.01] 0.79

start thiopurine in years

Smoking at diagnosis 1.29 [0.99-1.67] 0.056
Disease location at diagnosis®

L1:ileal REF

L2: ileocolonic 0.92[0.65-1.30] 0.63

L3: colonic 1.26 [0.91-1.75] 0.17
Disease behaviour at diagnosis®

B1: inflammatory REF

B2: stricturing 1.42[1.01-1.99] 0.044*

B3: penetrating 1.26 [0.76-2.11] 0.37
Upper Gl involvement at 1.53[1.02-2.28] 0.040*

diagnosis

Perianal disease at diagnosis 1.34 [0.90-2.00] 0.15
First thiopurine type

AZA REF

6-MP/6-TG 1.01[0.73-1.39] 0.95
Gender, female 1.18 [0.88-1.59] 0.28

Abbreviations: 6-MP, 6-mercaptopurine; 6-TG, 6-thioguanine; AZA,
azathioprine; CD, Crohn's disease; Cl, confidence interval; HR, Hazard
ratio; p, p value; REF, reference category.

?Disease location and behaviour based on Montreal Classification.
* Significant p <0.05.

mid- to long-term liver manifestations, one confirmed case of NRH
and one potential case of NRH were identified. Although this is lower
than the reported incidence of NRH in literature, it is important to
stress that these data should be interpreted with caution, given the
observational nature of our study. However, its absolute risk seems
limited.5¢~%®

Another important point to consider when discussing safety
is to recognise the timespan required to adequately address long-
term safety. The safety profile of thiopurines is well-documented
and no new safety signals are expected with thiopurines due to
the accrued PY of exposure. In contrast, biologicals and small mol-
ecules, such as JAK inhibitors, were registered more recently and
their long-term safety profiles are still likely to change over time.
Thiopurines, for instance, have been used for over decades and it
took 20vyears to detect the lymphoma signal, whereas the FDA has
issued a black box warning for JAK inhibitors only 3years after mar-
ket approval.®?

Strengths of the current study are its population-based design,
the use of strict definitions for thiopurine effectiveness, and the

inclusion of a large number of patients with almost 10,000 PY of

Abbreviations: 6-MP, 6-mercaptopurine; 6-TG, 6-thioguanine; AZA,
azathioprine; Cl, confidence interval; HR, hazard ratio; p, p value; REF,
reference category; UC, ulcerative colitis.

?Disease location based on Montreal Classification.

* Significant p <0.05.

follow-up. These strengths enabled the assessment of long-term
thiopurine effectiveness and comparison of outcomes between the
pre-biological and biological eras. Nonetheless, our study certainly
has limitations. First, due to the retrospective nature of the study,
we had to use a definition for effectiveness which did not include
biochemical (CRP, calprotectin) and endoscopic data. However, by
using relatively strict clinical and composite assessments of dis-
ease remission, including escalation to biologicals, corticosteroids,
surgery, as well as hospitalisations for active disease, we reduced
the risk of missing instances of disease activity. Second, as with al-
most all observational studies, data on thiopurine methyltransferase
(TPMT) testing and therapeutic drug monitoring (TDM) were ap-
plied according to clinical judgement rather than as per protocol and
were therefore not available. Third, a potential (beneficial) effect of
smoking in UC patients on therapy effectiveness could not be eval-
uated as it was not consistently recorded. Last, data on concomi-
tant 5-aminosalicylic acid (5-ASA) use, although probably of limited
effect, were incompletely available. However, studies have also re-
ported that concomitant 5-ASA use in patients using thiopurines did
not improve disease outcomes.”®”?

As a result of the increasingly growing armamentarium of biolog-
icals and small molecules, attention for the benefits of thiopurines
has diminished whilst potential detrimental effects have been high-
lighted with little nuance. A thiopurine-free IBD treatment has been
advocated by some, while current guidelines, recent international
surveys and others underline their usefulness.”? Moreover, alterna-
tive therapies to thiopurines, comprising corticosteroids, biologicals
and the new small molecules (to come) have limitations such as rel-

evant LOR rates over time and accompany specific safety concerns.
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Time at risk (patient

N years, PY) N events
Outcome
NMSC? 653 4799 16
Lymphoma® 653 4799 5
Urinary tract cancer 653 4799 1

Note: No cases of cervical cancer were identified.

REZAZADEH ARDABILI ET AL.

TABLE 5 Incidence rate of non-
melanoma skin cancers (NMSC) and
lymphoma in patients with at least
12months of cumulative thiopurine

Incidence rate per
1000 PY (95% Cl)

Abbreviations: Cl, confidence interval; N, number of patients; PY, patient year; N events, number of

events; NMSC, non-melanoma skin cancer.

*Twelve cases of basal cell carcinoma (BCC), and 4 cases of squamous cell carcinoma.

PDetails on lymphoma events are presented in Table S3.

Considering the balance between the benefits of thiopurines, in-
cluding effectiveness and affordability and the risks recognised over
decades of use in IBD patients, there remains an essential place for
thiopurine monotherapy in the modern therapeutic era for selected
patients with mild-to-moderate, (steroid dependent) IBD. In partic-
ular, when personalising thiopurine monotherapy with TDM, TPMT
and after identification of patients with an established IBD risk pro-
file indicative of thiopurine therapy failure who would benefit from
biologicals.

In conclusion, long-term real-world data from this population-
based study demonstrated that maintenance thiopurine mono-
therapy was an effective, safe and durable treatment option, with
over 40% and 30% of IBD patients, irrespective of treatment era,
continuing therapy without the need for biologicals, corticosteroids,
surgery or hospitalisation due to active disease at 5, and 10years

after treatment initiation.
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