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ABSTRACT

ARTICLE HISTORY

Background: The use of combination therapy of anti-TNFa and thiopurines in inflammatory bowel disease (IBD) is associated with greater efficacy and lower immunogenicity. However, the dose of thiopurine in this setting remains to be elucidated.
Aim: To compare the trough levels, anti-TNFa antibodies and the inflammatory biomarkers between
three groups in combotherapy: group 1 (dose of azathioprine <1 mg/kg); group 2 (dose of azathioprine 1 and <2 mg/kg), and group 3 (dose of azathioprine 2 mg/kg).
Methods: A retrospective study was performed, selecting all patients with established diagnosis of IBD
who were on combined maintenance treatment.
Results: We included 99 patients, 52.5% female with median age 33 (17–61) years. Eighty patients
(80.8%) were diagnosed with Crohn’s disease and 19 (19.2%) with ulcerative colitis. Seventy-one
(71.8%) patients were on infliximab (IFX) and 28 (28.3%) were on adalimumab (ADA). In patients
treated with IFX, there were no differences in trough levels (p¼.976) or formation of antibodies antiIFX (p¼.478) between groups. Moreover, there were no differences in inflammatory biomarkers: CRP
(p¼.385) and fecal calprotectin (p¼.576) among the three groups. Regarding patients treated with
ADA, there were no differences in trough levels of ADA (p¼.249), formation of antibodies anti-ADA
(p¼.706) or in inflammatory biomarkers: CRP (p¼.738) and fecal calprotectin (p¼.269) among the
three groups.
Conclusion: In our cohort, there were no differences between anti-TNFa trough levels, formation of
anti-TNFa antibodies or inflammatory biomarkers among patients in combotherapy with azathioprine,
irrespective of its dosage. In conclusion, our study suggests that maintaining therapeutic levels of antiTNFa drugs without antibodies formation is feasible with lower doses of azathioprine, minimizing its
side effects.
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Background
Inflammatory bowel diseases (IBDs) namely Crohn’s disease
(CD) and ulcerative colitis (UC) are characterized by chronic
gut mucosal inflammation with a typical clinical course of
relapsing and remitting periods associated with progressive
bowel damage and disability [1]. In the past decade, due to
the introduction of anti-TNFa drugs, a new therapeutic goal,
mucosal healing (MH) emerged, being associated with higher
rates of response, less flares, lower surgery rates and less
hospitalizations [2,3]. There is a well-established relationship
between biological trough levels, clinical response and
mucosal healing [4]. Therefore, the concept of therapeutic
drug monitoring (TDM) and the importance of individualized
pharmacokinetics have been recognized in the management
of IBD patients receiving biological therapy [5,6].
Despite the proven efficacy of infliximab (IFX) and adalimumab (ADA) in IBD patients, the loss of response remains a
common clinical problem, posing management dilemmas
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regarding the most appropriate intervention in the course of
the treatment [7].
The use of combination therapy of anti-TNFa and thiopurines in IBD has been proved to be superior to monotherapies
in induction and maintenance of response due to decrease
antibodies formation against anti-TNFa agents, increase
response rate and prolonged drug survival [8–11].
Nevertheless, despite this well-proven benefit, combotherapy
is associated with an increased risk of severe infections, nonmelanoma skin cancers, and T-cell lymphomas [3,12,13].
The effect of thiopurines monotherapy on disease control
is dose-dependent, and the optimal daily dose of azathioprine (AZA) is 1.5–2.5 mg/kg [6,14]. However, this dosedependent effect is not clearly demonstrated in combination
therapy and the thiopurine dose in this setting remains to
be elucidated [15,16].
The aim of the study was to compare trough levels, antiTNFa antibodies and inflammatory biomarkers between three

Department of Gastroenterology, Hospital da Senhora da Oliveira, Rua dos Cutileiros, Guimar~aes 4835-

2

C. ARIEIRA ET AL.

Table 1. Baseline characteristics of the population.
n
Gender
Male
Female
Age, years, median (range)
Age at diagnosis
Crohn’s disease
Montreal classification
Age at diagnosis (years)
A1 (16)
A2 (17–39)
A3 (40)
Location
L1 (ileal)
L2 (colonic)
L3 (ileal-colonic)
Behavior
B1 (non-stricturing; non-penetrating)
B2 (stricturing)
B3 (penetrating)
Perianal disease
Ulcerative colitis (UC)
Extension of UC
E1
E2
E3
Type of anti-TNFa therapy
IFX
ADA
Dose of IFX
5 mg/kg
10 mg/kg
Interval of IFX
Every 6 weeks
Every 8 weeks
Dose of ADA
40 mg
80 mg
Interval of ADA
Weekly
Every 2 weeks
Dose of AZA
Group 1 (<1 mg/kg)
Group 2 (1 and <2 mg/kg)
Group 3 (2 mg/kg)
Median trough levels of anti-TNFa drugs
IFX
ADA
Anti-TNFa antibodies
IFX
ADA
Inflammatory biomarkers
C-Reactive protein (mg/dl)
Fecal calprotectin (mg/g)
Median duration of biological therapy

99 (100%)
47
52
33
24
80

(47.5%)
(52.5%)
(17–61)
(10–57)
(80.8%)

10 (12.5%)
64 (80%)
6 (7.5%)
34 (42.5%)
5 (6.3%)
41 (51.3%)
32
25
23
34
19

(40%)
(31.3%)
(28.8%)
(42.5%)
(19.2%)

2 (10.5%)
8 (42.1%)
9 (47.4%)
71 (71.7%)
28 (28.3%)
46 (64.8%)
25 (35.2%)
23 (32.4%)
48 (67.6%)
26 (92.9%)
2 (7.1%)
6 (21.4%)
22 (78.6%)
23 (23.2%)
31 (31.3%)
45 (45.5%)

Figure 1. Median trough levels of infliximab according to the dose of azathioprine (3 groups).

(group 3). The inflammatory biomarkers assessed were Creactive protein (CRP) (mg/dl) and fecal calprotectin (ug/g)
and were assessed with less than 1 week between the trough
levels. The presence of antibodies was a categorical variable
with positive antibodies defined by the range of the laboratory (ELISA).
R , version 22.0
Statistical analysis was performed with SPSSV
(IBM, Armonk, NY, USA). The categorical variables are presented as frequencies and percentages, and continuous variables as means, medians, standard deviations, and
interquartile range. All reported p values are two tailed, with
a p value inferior to 0.05 indicating statistical significance.
The distribution of categorical variables between groups was
evaluated by v2-analysis and continuous variables by independent samples Kruskall–Wallis test.

6.4 (0–23.5)
9.6 (0.1–25)
4 (5.6%)
2 (7.1%)
2.9 (2.9–28.9)
279.5 (30–1800)
36 (6–132 months)

groups of patients treated with combotherapy, but different
AZA doses.

Methods
IBD patients in combotherapy with IFX or ADA in our
Gastroenterology Department were included. Through levels
were routinely assessed in all patients on maintenance therapy using commercially available ELISA kit. All patients were
assessed at a steady state of at least 6 months of a stable
dose regimen. Concomitant therapy with AZA was noted
and patients were categorized into three groups according
to the dose of AZA: AZA 1 mg/kg (group 1), AZA dose
between 1 and 2 mg/kg (group 2), and AZA 2 mg/kg

Results
We included 99 patients, 52.5% female with median age 33
(17–61) years. Eighty patients (80.8%) were diagnosed with
CD and 19 (19.2%) with UC. Seventy-one (71.7%) patients
were on IFX and 28 (28.3%) were on ADA. The baseline characteristics of the population are summarized in Table 1.
In the IFX group, there were no differences in trough levels (6.4 versus 5.9 versus 6.5 mg/ml, p¼.976) – Figure 1, or
formation of antibodies anti-IFX (0.0 versus 8.7 versus 6.3%;
p¼.478) among groups 1, 2, and 3, respectively. Moreover,
there were no differences in inflammatory biomarkers: CRP
(2.95 versus 2.90 versus 3.20 mg/dl; p¼.385) and fecal calprotectin (82.0 versus 246.0 versus 289.5 mg/g; p¼.576) among
the three groups. Regarding to ADA group, there were no
differences in trough levels of ADA (11.4 versus 7.85 versus
8.9 mg/ml, p¼.249) – Figure 2, formation of antibodies antiADA (14.3 versus 0.0% versus 7.7%; p¼.706) and in inflammatory biomarkers: CRP (2.9 versus 2.9 versus 2.9 mg/dl; p¼.738)
and fecal calprotectin (183 versus 421.5 versus 285 mg/g;
p¼.269) among the three groups.
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Figure 2. Median trough levels of adalimumab according to the dose of azathioprine (3 groups).

Discussion
Previous studies pointed a superior outcome in patients on
combined immune suppression with CD and UC [9,10]. The
possible mechanism of these findings is attributed to the
improved pharmacokinetic profile of biologics when combined to thiopurine [8,11].
Recent results suggest that low-serum anti-TNFa concentrations and the development of antibodies are the two
major factors responsible for loss of sustainable efficacy of
biologics [17,18]. These factors are inter-related, as insufficient exposure to biologics is associated with an increased
risk of developing antibodies. Different strategies have been
developed in clinical studies and have been applied into clinical practice to avoid this outcome.
The best documented strategy is the use of a concomitant immunomodulator, either a thiopurine or methotrexate,
which has been shown to be associated with higher trough
levels and lower rates of antibodies, resulting in treatment
synergy [8,11].
Nevertheless, the combination therapy of ADA and immunossupressants is less convincing and has not been shown
to be as effective as IFX, although it leads to less immunogenicity and higher ADA trough concentrations [19,20].
Moreover, the dose-dependent effect of thiopurines is not
clearly demonstrated in combination therapy and the thiopurine dose needed in this setting remains to be elucidated [11].
In this study, we hypothesized if the response to antiinflammatory biomarkers and the trough levels in patients
under combined immunosuppression is azathioprine’s
dose-dependent.
Our group found that there were no differences between
anti-TNFa trough levels, formation of antibodies anti-TNFa,
and inflammatory biomarkers among patients in combotherapy in a stable dose for at least 6 months with azathioprine
in three different doses.
In accordance to our findings, a prospective, randomized
study from Roblin et al. found that reducing the dose of AZA
to half-dose in patients in remission was not associated with
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unfavorable evolution of IFX pharmacokinetics and trough
levels remained stable during follow up [16].
Nevertheless, contrary to our results, a retrospective study
by Polakovicova et al. found that the positive effect of AZA
on infliximab levels was dose dependent and the dose of
2–2.5 mg/kg of AZA were associated with the highest IFX
trough levels [15].
Our findings are of great interest regarding the side
effects of combotherapy. Combination therapy is associated
with safety concerns namely the risk of infections and malignancy [11,21].
The risk of serious infections has been shown to be
increased with combination immunosuppressive treatment in
comparison to monotherapy [22,23]. The rate of malignancy
with thiopurine therapy has been reported to be 2- to 5-fold
higher for both lymphoproliferative disorders and non-melanoma skin cancer and has also been associated with
increased risk of overall cancer compared with IBD patients
not treated with thiopurine [24–26].
The strength of this study lies in reporting that, in combination treatment, lower doses of immunosuppressives may
be sufficient to achieve the improved pharmacokinetic effect,
supporting that the use of higher doses may be avoided,
potentially decreasing dose-related adverse events. The limitations were a relative small number of included patients,
the retrospective nature of the study, and the inability to
measure 6-thioguianine nucleotide levels. New multicentric
and prospective studies are needed to validate these findings and answer if low doses of thiopurines are associated,
as will be predictable, with lower adverse events such as
lymphoma or infections in patients on combination therapy.
Collectively these results may contribute to a better therapeutic optimization weighting the risks and benefits of
combotherapy.
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