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Summary of the article's main point: Thiopurines are used as maintenance therapy in
patients with ulcerative colitis, adherence to treatment is supposed to play an important
role. In our cohort of patients, adherence to thiopurines is high and is not related to

clinical or pharmacological factors.

Abstract

Introduction

Thiopurines are used as maintenance therapy in patients with ulcerative colitis (UC). There
are contradictory results regarding the relationship between adherence to treatment and
risk of relapse.

Objectives

To quantify and evaluate the trends in thiopurines prescription rates, and to determine
the impact and risk factors of non-adherence.

Methods

Analytical, observational and retrospective study of UC patients, on thiopurines, included
in the ENEIDA single-center registry from October 2017 to October 2019. We included
adult patients under clinical remission at the beginning of the study on thiopurines
maintenance treatment for at least 6 months before recruitment. Adherence was
evaluated with an electronic pharmaceutical prescription system. Adherence was
considered when 80% or more of the prescribed medication was dispensed at the
pharmacy. Kaplan-Meier curves and a regression model were used to examine year-to-
year treatment dispensation and identify factors associated to non-adherence.

Results

A total of 41 patients were included, of whom 71% were males with a mean age of 44

(@14) and 26.8% were concomitantly managed with biological therapy. Overall, 22% were
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non-adherent to thiopurines. No predictive factors of non-adherence were identified.
Adherence rate did not correlate with disease activity for two years follow-up (OR 1.6;
95Cl =0.3-9.1). Left-sided colitis and concomitant biological treatment were related with
disease relapses (p <0.01).

Conclusion

The adherence to thiopurines in UC patients is high (78%). Non-adherence is not related
to clinical or pharmacological factors. Adherence rate was not associated with disease
activity.

Keywords Colitis, ulcerative . Thiopurines . Treatment adherence and compliance .

Treatment outcome .

Introduction

Inflammatory bowel disease (IBD) is a chronic disease characterized by the
alternation of flares and remissions. Thiopurines (azathioprine or 6-mercaptopurine) are
long-term treatments used to maintain steroid-free remission in corticoid-dependent
patients and to decrease the immunogenicity of biological drugs.

Effectiveness of the treatment depends, among other clinical, analytical and
biological factors, on adherence, with a clear correlation between less adherence and
worse evolution of the disease and/or higher risk of relapse (1-4). However, other studies
have not found an impact of adherence to immunomodulators on disease outcomes
(5-12)." These contradictory results can be explained by two reasons: the absence of a
well-defined limit for non-adherence and the wide variety of methods used to measure it.

Studies using an electronic pharmaceutical system employ a cut-off of 80% (1, 6-9)
to define adherence while others set the limit at 95% (13-14). Published rates of
treatment non-adherence in IBD range from 7 to 72%, although most studies describe
rates of 30-40% (9). Focusing exclusively on thiopurines, non-adherence varies between 7
and 64% (5-7, 10-12, 15-20); nevertheless, studies do not distinguish between UC and CD
which can be by itself a confounding factor (11,13,21).

To assess thiopurine adherence, direct (measure metabolites in blood or urine) and
indirect methods (questionnaires, clinical interviews, pharmacy data) are used. The

electronic pharmaceutical system is an objective indirect method that analyses the
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proportion of medication dispensed in pharmacy with respect to what was prescribed. It
has been shown to have a good correlation with thiopurine adherence obtained using the
Morisky Medication Adherence 8-item Scale (MMAS-8) (19,22), an eight-item validated
survey derived from the Morisky scale that assesses treatment adherence. Likewise, this
method also correlates with the serum or urine drug levels, as well as with the effect of
drug treatment on the disease (20, 23-24). When analyzing risk factors for non-adherence,
not only patient and disease related factors are relevant, but also social environment and
healthcare system conditions (equity, accessibility, waiting time, costs, drug storage) (25).
One study carried out by de Castro et al. (19) uses the electronic prescription system to
evaluate adherence in our health system. Nevertheless, none of the previous mentioned
studies evaluated the impact of adherence in the evolution of the disease by an electronic
prescription system within a public health system.

Given that the actual impact of adherence to thiopurines on the risk of flares is
unclear, we believe that performing a study with an objective, cheap and easy-to-manage
method in a real-life scenario will allow us to properly assess the percentage of adherence
and therefore to evaluate the effect of non-adherence on disease outcomes.

We hypothesized that despite a high adherence ratio of our population study there
is no direct impact on the evolution of the disease. So, the main aim of this study was to
analyze, using an electronic pharmaceutical prescription system, thiopurine adherence.
Secondary aims were to identify risk factors associated with non-adherence and its impact
on the risk of flares in patients with UC controlled in our IBD Unit.

Material and methods

Study design and population

An observational, retrospective, single tertiary center, cohort study was carried
out. All consecutive patients with UC followed in the IBD Unit of the Clinic University
Hospital of Valencia were screened for eligibility. Inclusion criteria were firm UC diagnosis,
age > 18 years old, clinical remission at the beginning of the study, maintenance
treatment with thiopurines (azathioprine or 6-mercaptopurine) at least 6 months before
the study and throughout the whole period of the study, and to have a prescription made
with the pharmaceutical electronic program and signed informed consent. Exclusion

criteria were patient history of colon surgery, intolerance or hypersensitivity to
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thiopurines and/or loss of follow-up during the study period.

Patient, disease and therapy data were collected from the ENEIDA registry at the
beginning of the study. ENEIDA is a registry of the Spanish Working Group in Crohn’s and
Colitis (GETECCU), which includes patients with IBD and records prospectively clinical
characteristics, outcomes, and treatments. To assess adherence and flares, electronic
medical records were reviewed during two-years follow-up (from October 2017 to
October 2019). Adherence to treatment was evaluated with a pharmaceutical electronic
management program. With this application, the percentage of the prescribed doses of
thiopurines that the patient dispensed at the pharmacy was calculated. Adherence time
was estimated until relapse or the end of the study period in cases under remission.
Patients who picked up 80% or more of the prescribed medication from the pharmacy
were defined as adherent (3-7).

Informed consent to participate in the database was obtained from all patients.
The study was approved by the institutional ethics committee of the hospital on July 24,
2018. The study protocol conforms to the ethical guidelines of the 2013 Declaration of
Helsinki as reflected in a priori approval by the institution’s human research committee.
Definitions

The diagnosis of UC was made through clinical, radiological, endoscopic and
histopathological criteria according to the European Crohn’s and Colitis Organization
(ECCO) consensus guidelines (26). Disease extent was determined with ileocolonoscopy
and classified according to the Montreal classification (27). The maximum extent of the
disease at any time since diagnosis was assigned for each patient.

Family history of IBD was defined as the presence of one or more first or second-
degree relatives with either UC or CD. Extraintestinal manifestations (EIM) included
periphery arthropathy, ankylosing spondylitis, sacroileitis, skin or ocular manifestation,
primary sclerosing cholangitis (PSC) and stomatitis. Megacolon, massive hemorrhage,
perforation or intraabdominal abscess were considered as complications of the disease.

Concomitant treatment related and not-related with IBD (including allopurinol
separately) was analyzed at the beginning of the study so that patients which were
prescribed treatment before October 2017 and through all the study period were

considered. Chronic (hypertension, diabetes mellitus and dyslipidemia) and psychiatric
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pathologies (anxiety and depression) were also analyzed as qualitative variables and
recorded according to the international classification of diseases (ICD) (28), when they
were specifically recorded in the medical history of the patient.

A mild relapse was considered as the presence of active disease symptoms that
required treatment modification: increase in the dosage of 5-aminosalicylic acid (5-ASA) or
5-ASA combination (oral + topical administration). Moderate-severe relapse was defined
by the need for treatment with corticosteroids (topic or systemic action) and/or biological
drugs and/or surgery for active disease. We calculated the partial Mayo index at the
beginning, the sixth month, one year and the second year after the beginning of the study
to evaluate the evolution of the disease throughout the follow-up.

Statistical analysis

Quantitative variables were expressed as mean and standard deviation (SD) or as
median and interquartile range (IQR) whether they followed or not a normal distribution.
Qualitative variables were expressed as frequencies (%). Univariate analysis was
performed to determine variables associated with non-adherence. Categorical variables
were compared using the Chi-Square or Fisher’s test. Measures of association were
reported as odds ratio (OR) with 95% confidence intervals (95Cl). Quantitative variables
were analyzed with the Student t test, Mann-Whitney U test or Kruskal-Wallis test, as
required. A multivariate logistic regression analysis including only the significant factors of
the univariate analysis was made to identify independent risk factors of non-adherence. A
Spearman’s rank correlation analysis was performed to associate percentage of adherence
with relapse rates. Time to relapse was analyzed using Kaplan-Meier curves. Survival
curves were compared using log-rank test to identify factors associated with disease
activity during follow up. Statistical analysis was performed with the IBM SPSS Statistics 25
program and p-values <0.05 were considered significant
Results

Study population and prevalence of adherence

Of a total of 764 patients with UC registered in the ENEIDA database, 218 (29%)
had been treated with thiopurines. Of those, 82 (37.6%) patients were under treatment in
October 2017, median Partial Mayo Index of 0 (0-0). Applying the inclusion and exclusion

criteria, a total of 41 patients were finally enrolled in the study (Figure 1). Patients
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baseline characteristics are described in Table 1.

The indication for thiopurines in our cohort of patients was mainly for
maintenance of remission (80.5%), association with biological treatment (14.6%), EIM
(2.4%) and fistulizing disease (2.4%) being 36.6% corticodependent. 19.5% (n=8) of our
patients suffered from an adverse event to thiopurines, being leucopenia the most
frequent one (75%).

Overall, 78% of study population (n = 32) were adherent to thiopurines during the
two years follow-up. Median dispensation rate was 96% (89-100) among adherent group
and 68% (44-75) among non-adherent group (p<0.001). Importantly, focusing on the non-
adherent group (n = 9), only two subjects had a dispensation rate below 70% and 44%
were under biological treatment. Adherence to biological therapy was also estimated, and
none were non-adherent.

Risk factors for non-adherence

No demographic, phenotypic factors of the disease or therapeutic regimens were
predictors of the thiopurine non-adherence condition (Table 2).

Risk factors for disease flare

Over two years follow-up there were 12 patients (29.3%) who suffered from a
disease relapse being 19.5% (n=8) mild and 14.6% (n= 6) moderate-severe, two patients
suffered from mild and moderate-severe relapse. The median time to disease relapse was
15 (4-54) weeks, 12 (4-50) weeks in the mild relapse and 24 (4-54) weeks in the moderate-
severe relapse. The indication of thiopurines showed no statistically relationship with
adherence nor disease relapse.

No statistically significant relationship was observed between adherence to
treatment, considering 80% as cut-off, and activity relapses, with 22.2% relapses in non-
adherent vs 31.3% relapses in adherent (OR 1.6; 95CI = 0.28-9.07; p = 0.7), nor with mild
(OR 2.24; 95CI = 0.24-21.07; p = 0.66) or moderate-severe (OR 0.5; 95CI = 0.08-3.3; p = 0.6)
relapses, when analyzed separately. No difference was found in Partial Mayo Index
between adherent and non-adherent group through the whole study period, median
score of 0 (0-0).

The Spearman’s rank correlation analysis showed a positive coefficient (0.036)

between adherence and the relapse rates but with no statically relationship (p = 0.82). The
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cumulative proportion of relapse at week 60 in the non-adherent group was 22% vs 28%
in the adherent group. These differences were not statistically significant (log Rank = 0.37,
p = 0.543). (Figure 2)

Independently from the adherence factor, we observed significant relationship
between diseases flares and other variables (Table 2). A higher risk of relapse was
associated with left-sided colitis (OR 8.67; 95CI= 1.67-44.94; p = 0.01); the cumulative
proportion of relapse at week 60 in the proctitis group was 0%, 56% in the left-sided colitis
group and 20% in the pancolitis group with statistically significant relation between groups
(p = 0.015, log Rank = 8.41) (Figure 3). Moreover, a higher risk of disease relapse was
observed in patients who were prescribed a biological treatment (OR 8.75; 95CI=
1.84-41.61; p = 0.007).

In the multivariate analysis, the mentioned variables were statistically significant,
presence of left-sided colitis (HR = 5.6; 95CI= 1.61-19.47; p= 0.007) and treatment with
biologics (HR = 0.139; 95CI= 0.04-0.5; p= 002), remaining adherence as a non-independent
factor for disease relapse (HR = 0.195; 95CI= 0.04-1.06; p= 0.06).

Discussion

We observed that with an electronic pharmaceutical management system,
thiopurine non-adherence was seen in approximately one out of four patients with UC
without an independent significant relationship with disease flares during 2 years follow-
up.

Our study showed a median possession rate of 94% (81-100), when considering
adherence as a quantitative variable. The non-adherence rate was 22% when considering
it as a qualitative variable, that is, within the wide range of 7 to 64% described in previous
studies 1%,

We chose the electronic pharmaceutical prescription system of the Valencian
Community as an objective and indirect procedure to assess adherence in order to avoid
the subjectivity of self-reported questionnaires and the motivation for adherence to
treatment that can be seen with direct methods. That can explain the non-adherence
higher rate showed in our study compared to that documented in studies that measure
adherence through the analysis of metabolites (10-17%) (5-6,11, 20) and self-reported

guestionnaires (7-15%) (6, 16-17, 20). With the electronic prescription system, patients
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were blinded to the methodology and, therefore, no change on patients’ attitude could
modify results, reflecting a real clinical practice situation. In addition, this method has a
high specificity to identify non-adherent patients because medication in this healthcare
area cannot be obtained from sources other than the pharmacy (29). It must be taken into
account that this method does not guarantee that the medication was actually taken and
therefore the percentage of adherence may have been overestimated. However, there are
studies that state that the prescribed medication dispensing rates are quite accurate to
calculate adherence when performed in a healthcare system with electronic treatment
records and with a closed pharmaceutical system (14). There is no gold standard to assess
adherence (14,30) and different methods should be combined.

The results of this study showed that non-adherence to thiopurines was not an
independent predictive factor for disease relapse when analyzed as a dichotomy variable,
taking into account 80% as a cut-off and as a quantitative variable without finding a
significant cut-off for defining adherence. This fact could be justified by the low relapse
rate found in our cohort of patients. No differences in the Partial Mayo Index through the
study period were found, with a median score of 0 (0-0). So, patients in our study were
mainly in clinical remission and were at treatment with thiopurines for maintenance of
remission (80.5%), this could explain the low relapse rate compared to other studies.
However, we did not analyze the time that patients have been in remission before being
included in the study, since if they are patients with a long-time remission, the probability
of relapse may be less.

Regarding the type of drug used, adherence to thiopurines (78%) was higher than
adherence to 5-ASA (59%) for patients in our cohort who were treated with both
medications during the first year follow-up, in line with previously analyzed data in the
same database (31-32), and other articles in the medical literature (6,15,17). On the other
hand, those patients who received treatment with biological drugs showed 100%
adherence. This finding is probably due to the fact that these drugs are used in more
complex stages of the disease in which disease awareness is higher, and most of them
were administered intravenously, in a healthcare environment (21). The way the drug is
administered (subcutaneously or intravenously of anti-TNF versus oral administration of 5-

ASA and thiopurines) and the lower dosing frequency should also be taken into account,



ENFERMEDADES DIGESTIVAS

because patients on oral therapy have to be adherent to a daily administered treatment.

The demographic characteristics of the patients (gender and age) were not
significantly associated with the lack of adherence to thiopurines. Although the lack of
adherence has been classically linked to young age (2, 13, 33) and males (1, 7, 12), other
studies also describe the absence of significant differences between these variables and
adherence to treatment in IBD (6, 9, 16, 17, 19). Similarly, the clinical disease
characteristics of our patients did not show statistically significant differences to establish
themselves as a predictive factor of adherence.
The comorbidity of the patients was also evaluated in the study. We analyzed chronic and
psychiatric pathologies, variables that had been previously considered in the medical
literature, but we did not find significant differences for any of these variables. We did
observe a tendency towards lower adherence in patients with depression than those who
suffered from anxiety or other comorbidities.

Independently from the adherence factor, we found a statistically significant
relationship between a higher risk of disease relapses with the presence of left-sided
colitis and the prescription of concomitant treatment with a biological drug. Those
patients in treatment with biological therapy are supposed to be in more advanced stages
of the disease and therefore have a higher risk of disease relapse.

The main limitation of our study was the small sample size that could have
conditioned the statistical power of the study. We suggest studies with a greater number
of patients, which incorporate a second method of adherence evaluation to give greater
validity to the results. Other limitation for the survival analysis was not to include the
patients who discontinue treatment during the study period, they could have been
included during active treatment and censored at the end, in order to know the impact in
more detail. It could also be interesting to study other causes of non-adherence, such as
socioeconomic or employment status, as well as to know if adherence to therapy varies
throughout the time of prescription of the drug.

In conclusion, 78% of UC patients in clinical remission evaluated for two years are
adherent to thiopurines, with a median possession rate of 94% through a prescription
electronic program. No demographic (age, gender), phenotypic factors of the disease

(extension, time of evolution, family association, comorbidity) or therapeutic regimens
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were predictors of the thiopurine non-adherence condition. Moreover, no significant
impact on the evolution of the disease was shown, probably due to the low relapse rate
and the main indication of thiopurines (maintenance of remission). When analyzing other
variables different from adherence (extension and biological treatment), a statistically
significant relationship was found with disease relapses. It may be necessary to carry out
studies with a larger sample size to evaluate the actual impact of the adherence to

thiopurines in the evolution of the disease.
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Table 1. Basal population characteristics.

Basal characteristics TOTAL POPULATION (n=41)
Gender
Male, n (%) 29 (70.7)
Female, n (%) 12 (29.3)
Family history of IBD, n (%) 8 (19.5)
Smoking habit, n (%) 4 (9.8)
Appendectomy, n (%) 2(4.9)

Disease extension, n (%)

E1, proctitis 2(4.9)

E2, left-sided colitis 9(22)

E3, pancolitis 30(73.2)
EIM, n (%) 13 (31.7)
Complications, n (%) 5(12.2)

ADR to thiopurines, n (%) 8 (19.5)




Concomitant treatment related to IBD, n (%)
5-ASA treatment, n (%)

Biological treatment, n (%)

Concomitant treatment not related to IBD, n (%)
Comorbility, n (%)

Anxiety, n (%)

Depression, n (%)

Adherence to thiopurines, n (%)

Adherence to thiopurines rate, median (IQR)

Adherence to biologicals, n (%)

Mayo score at the beginning of the study (Oct 17),
median (IQR)

Age at diagnosis of IBD (years), mean (SD)
Azathioprine daily dose (mg/kg), mean (SD)
Mercaptopurine daily dose (mg/kg), mean (SD)

Ne tablets/day, median (IQR)

ENFERMEDADES DIGESTIVAS

30 (73.2)
30 (73.2)
11 (26.8)
14 (34.1)
16 (39)

6 (14.6)
4(9.8)
32(78)

94 (81-100)
11 (100)

0 (0-0)

33(12)
1.79 (0.58)
1.17 (0.29)

3(2-3)

EIM: extraintestinal manifestations. ADR: adverse drug reaction. IBD: inflammatory bowel

disease. SD: standard deviation. IQR: interquartile range

Table 2. Analysis of the relationship between qualitative-quantitative variables and

adherence

Characteristics NON- ADHERENT  p- OR 95CI
ADHERENT  (n=32) value
(n=9)
Gender 1 0.783 0.16-3.821
Male, n (%) 6 (66.7) 23 (71.9)



Female, n (%)
Family history of IBD, n
(%)

Smoking habit, n (%)
Appendectomy, n (%)
Disease extension, n (%)

E1, proctitis

E2, left-sided colitis

E3, pancolitis
EIM, n (%)
Complications, n (%)
ADR to thiopurines, n
(%)

Concomitant treatment
related to IBD, n (%)
5-ASA treatment, n (%)
Biological treatment, n
(%)

Concomitant treatment
not related to IBD, n (%)
Comorbility, n (%)
Anxiety, n (%)
Depression, n (%)
Relapses first year, n
(%)

Relapses second year,
n (%)

Relapses (total), n (%)

Mild relapse first year,
n (%)

ENFERMEDADES |

DIGESTIVAS

3 (33.3) 9 (28.1)

0(0) 8 (25) 0.164
1(11.1) 3(9.4) 1

0 (0) 2 (6.3) 1
1(11.1) 1(3.1) 0.395
3(33.3) 6 (18.8) 0.384
5 (55.6) 25 (78.1) 0.217
5 (55.6) 8 (25) 0.113
0 (0) 5 (15.6) 0.568
1(11.1) 7 (21.9) 0.659
6 (66.7) 24 (75) 0.68
6 (66.7) 24 (75) 0.68
4 (44.4) 7 (21.9) 0.217
1(11.1) 13 (40.6) 0.131
2(22.2) 14 (43.8) 0.441
0 (0) 6 (18.8) 0.309
1(11.1) 3(7.3) 1
1(11.1) 8 (25) 0.654
2(22.2) 5 (15.6) 0.637
2(22.2) 10 (31.3) 0.702
1(11.1) 4 (12.5) 1

0.727

0.828
0.769

0.258
0.462
2.857
0.267
0.75
2.24

1.5

1.5
0.35

5.474

2.722

0.743

0.828

2.667

0.648

1.591

1.143

0.59-0.896

0.075-9.074
0.648-0.914

0.015-4.591
0.089-2.393
0.601-13.586
0.057-1.243
0.621-0.906
0.238-21.072

0.303-7.432

0.303-7.432
0.074-1.664

0.609-49.168

0.488-15.198

0.611-0.903

0.075-9.074

0.287-24.738

0.103-4.075

0.279-9.066

0.111-11.722



Mild relapse second
year, n (%)

Mild relapse (total), n
(%)

Moderate-severe
relapse first year, n (%)
Moderate-severe
relapse second year, n
(%)

Moderate-severe
relapse (total), n (%)
Adherence to
biologicals, n (%)

Mayo score at the
beginning of the study),
median (IQR)

Mayo score at 6
month, median (IQR)
Mayo score at 1° year,
median (IQR)

Mayo score at 2" year,
median (IQR)

Age at diagnosis of IBD
(vears), mean (SD)

Azathioprine daily dose

(mg/kg), mean (SD)

Mercaptopurine  daily
dose (mg/kg), mean
(SD)

Ne@ tablets/day, median
(IQR)

ENFERMEDADES |

0 (0)

1(11.1)

0 (0)

2 (22.2)

2 (22.2)

4 (100)

0 (0-0)

0 (0-0)

0 (0-0)

0 (0-0)

35 (10)

2 (0.37)

1.12 (0.44)

3(2-3)

3(9.4)

7 (21.9)

4 (12.5)

2 (6.3)

4 (12.5)

7 (100)

0 (0-0)

0 (0-0)

0 (0-0)

0 (0-0)

32 (13)

1.72 (0.6)

1.2 (0.26)

3 (2-3.75)

DIGESTIVAS

0.659

0.559

0.204

0.597

0.857

0.857

0.973

0.568

0.188

0.794

0.963

0.763

2.24

0.757

0.233

0.5

0.639-0.911

0.238-21.072

0.63-0.908

0.028-1.955

0.076-3.305
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EIM: extraintestinal manifestations. ADR: adverse drug reaction. IBD: inflammatory bowel

disease. SD: standard deviation. IQR: interquartile range

218 of 765 patients with UC at the IBD Unit of the Clinic University
Hospital of Valencia were identified by ENEIDA as patients treated
with thiopurines

82 patients were undergoing maintenance treatment
with thiopurines in October 2017

16: loss of follow-up. |«

— | 1: non electronic prescription

1: <18 years old. |«

20: non maintenance with thiopurines the

3: non clinical remission at whole study period
the beginning of the study.

A4

v
The study included 41 patients

Figure 1. Flowchart of the patient selection process
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Figure 2. Time-to-relapse according to adherence
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Figure 3. Time-to-relapse according to the disease extension



