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Editorial

Is there a beneficial effect of adding azathioprine to adalimumab 
in Crohn’s disease patients?
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Crohn’s disease (CD) is a debilitating chronic inflammatory 
bowel disease that can affect any part of the gastrointestinal 
tract.  The disease is  characterized by transmural 
inflammation and typically has a relapsing course over time. 
Up to now, there is no curative treatment. Among the most 
powerful agents to treat patients with CD are therapeutic 
antibodies that bind to the pro-inflammatory cytokine 
tumor necrosis factor (TNF). Infliximab, a chimeric 
antibody that is administered by intravenous infusion, and 
adalimumab, a subcutaneously administered, recombinant, 
human, monoclonal antibody, are the most frequently 
prescribed TNF blockers to treat CD patients. Both agents 
can induce and maintain remission in CD (1-5). Although, 
anti-TNF agents have revolutionized the treatment of 
CD, primary non-response and secondary loss of response 
significantly complicates the clinical management and 
is observed in up to 50% of patients (6-8). It has been 
reported that the annual risk for loss of response to 
infliximab and adalimumab in CD patients is 13% and 25%, 
respectively (9,10). Loss of response to anti-TNF agents 
is often caused by the formation of neutralizing anti-drug 
antibodies (so called immunogenicity), which in turn can 
result in increased clearance of the drug and low or even 
undetectable serum drug concentrations (11-13). Addition 
of an immunomodulator to infliximab therapy is an effective 
approach to reduce immunogenicity of infliximab (14). 
The SONIC trial was the first prospective randomized 
controlled study in CD patients that compared therapeutic 
efficacy between anti-TNF monotherapy (infliximab) 
versus combination treatment consisting of infliximab 
plus azathioprine (15). Patients with active CD, who had 

not received prior treatment with immunomodulators 
and biologicals, were randomized into three groups. They 
either received infliximab, azathioprine, or the two drugs 
combined. This landmark study showed superior steroid 
free clinical remission rates (primary outcome parameter) in 
patients receiving combination therapy compared to patients 
who received infliximab monotherapy. Of note, median 
serum infliximab trough concentrations at week 30 and 
46 (i.e., serum samples were collected prior to infliximab 
infusions at week 30 and 46) were significantly higher in 
patients receiving infliximab and azathioprine combination 
treatment as compared to patients receiving infliximab 
monotherapy. The authors concluded that there was a 
clear clinical benefit from adding azathioprine to infliximab 
therapy in CD patients and that infliximab serum levels 
were higher in patients receiving combination treatment 
versus patients who received infliximab monotherapy. 

However, whether addition of an immunomodulator in 
CD patients receiving adalimumab will be of any benefit 
is still a matter of debate. Associations have been reported 
between loss of response to adalimumab (including 
lack of endoscopic remission) in CD patients who have 
low adalimumab trough levels and detectable anti-drug 
antibodies (16-18). Reenaers et al. performed a retrospective 
study in 181 CD patients and concluded that there is a 
beneficial effect from combining adalimumab with an 
immunomodulator during the first semester after starting 
adalimumab (19). A lower need for adalimumab dose 
intensification and a reduction in the number of flares was 
observed in the combination group versus patients receiving 
adalimumab monotherapy. In contrast, a systematic 
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review and meta-analysis concluded that combination 
therapy, consisting of adalimumab plus azathioprine, was 
not superior to adalimumab monotherapy in terms of 
maintenance of remission up to one year in patients with 
CD (20). More recently, Colombel and colleagues analyzed 
several post-hoc analysis of prospective clinical trials with 
adalimumab (21). In these randomized controlled trials, 
therapeutic efficacy was studied as well as adalimumab 
serum concentrations and anti-drug antibody levels in 
CD patients who failed on prior conventional therapy 
receiving adalimumab monotherapy or adalimumab plus 
an immunomodulator. The conclusions were that no 
benefit was found from adding an immunomodulator 
to adalimumab therapy compared to patients receiving 
adalimumab monotherapy. Another study, performed 
by Ungar et al., also failed to show a beneficial effect of 
adding an immunomodulator to adalimumab (22). Twenty-
two out of 67 adalimumab treated patients received co-
treatment with an immunomodulator, but this did not have 
a significant effect on adalimumab serum levels. Hence, 
several studies point into the direction that no beneficial 
effects can be found by combining adalimumab with an 
immunomodulator compared to adalimumab monotherapy 
in CD. However, prospective trial data are needed in 
order to definitively answer the question if combination 
treatment with adalimumab and an immunomodulator is 
more efficacious compared to adalimumab monotherapy in 
patients suffering from CD. Another question that needs to 
be addressed in a prospective study, is whether combination 
treatment will result in high(er) adalimumab serum 
concentrations and reduced anti-drug antibody formation 
compared to adalimumab monotherapy.

Recently, a multicenter, randomized, prospective, 
open-label clinical study (DIAMOND trial) investigated 
the impact of adding azathioprine to adalimumab in CD  
patients (23).  The authors evaluated whether the 
combination of adalimumab and azathioprine may be more 
effective than adalimumab monotherapy in inducing and 
maintaining clinical remission, and endoscopic responses 
at week 26 and 52 were also evaluated. The authors 
undertook an ambitious task and enrolled in total 176 
patients with active CD, who were naïve to biologics and 
thiopurines. Patients were randomized in a 1 to 1 fashion 
into two groups to receive either adalimumab monotherapy 
(n=85) or combination treatment with adalimumab and 
azathioprine (n=91). No significant differences were seen 
in clinical remission rates (primary endpoint) at week 26 
[defined by a Crohn’s Disease Activity Index (CDAI) score 

below 150 points] between the adalimumab monotherapy 
and adalimumab—azathioprine combination therapy 
group (71.8% vs. 68.1%, P=0.63, respectively). In addition, 
adverse events were similar in the two groups. Thus, no 
beneficial effect could be observed by adding azathioprine 
to adalimumab therapy with regard to clinical remission 
in these patients. The authors also evaluated endoscopic 
outcomes at baseline and at week 26 and 52, that represents 
a more objective measure of efficacy compared to clinical 
remission. Combination therapy was significantly more 
effective versus adalimumab monotherapy in achieving 
endoscopic response at week 26 (84.2% vs. 63.8%, P=0.019, 
respectively), but no significant differences were observed at 
week 52 (79.6% vs. 69.8%, P=0.36). Yet, a major limitation 
of this trial was the fact that no blinding was performed. 
In line with that notion, no central reading of endoscopy 
was done. However, I have to congratulate the authors for 
conducting the first randomized trial that prospectively 
compared adalimumab monotherapy to combination 
treatment with adalimumab and azathioprine in CD 
patients.

A recent sub-analysis of the Japanese DIAMOND trial 
was performed by Nakase et al. (24). Possible correlations 
were studied between clinical remission at week 26 and 52 
and adalimumab trough levels and the occurrence of anti-
drug antibodies (both measured at week 26) in patients 
who participated in the DIAMOND trial. Adalimumab 
trough levels and the presence of anti-drug antibodies were 
analyzed in 75 patients in the adalimumab—azathioprine 
combination group and in 76 patients who were enrolled 
in the adalimumab monotherapy arm. Moreover, the 
effect of co-treatment with azathioprine on adalimumab 
trough concentrations and anti-drug antibody levels were 
analyzed. The authors also examined associations between 
6-thioguanine-nucleotide (6-TGN) levels (i.e., the active 
metabolite of azathioprine) and anti-drug antibodies. 
Lastly, factors were studied that could affect adalimumab 
trough levels and anti-drug antibody development. In short, 
significant higher adalimumab trough levels at week 26 
were observed in patients who were in clinical remission 
compared to patients who were not in clinical remission at 
week 52 (7.7±3.3 vs. 5.4±4.3 µg/mL, P<0.001, respectively). 
An adalimumab trough cut-off level at week 26 of  
5.0 µg/mL yielded optimal sensitivity (80%) and specificity 
(56%) for predicting clinical remission at week 52. The 
presence of anti-drug antibodies at week 26 was associated 
with clinical disease activity at week 52, and patients with 
elevated anti-drug antibodies had low(er) adalimumab 
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trough levels. Female gender and an increased body weight 
were independently associated with low adalimumab trough 
levels. However, no significant associations were found 
in trough levels between patients receiving combination 
treatment versus adalimumab monotherapy. Multivariate 
logistic regression analysis found a significant association 
between female sex and the occurrence of anti-drug 
antibodies, but no significant association was found with 
azathioprine co-administration (combination therapy 
group). 6-TGN levels in red blood cells at week 12 were 
measured in 71 patients who were randomized to the 
combination therapy arm and outcomes were correlated 
with anti-drug antibody outcomes. A 6-TGN cut-off level 
higher than 223 pmol/8×108 yielded optimal sensitivity 
(100%) and specificity (60.6%) outcomes for predicting 
anti-drug antibody negativity. These are interesting 
observations. Nevertheless, there are several limitations 
to this study. An important shortcoming is the fact that 
adalimumab serum levels and anti-drug antibody formation 
were not related to endoscopic outcomes and biochemical 
markers of disease activity, such as C-reactive protein or 
fecal calprotectin. Moreover, the sample size might be too 
small and, last but not least, adalimumab serum levels and 
anti-drug antibodies were measured at only one time point 
(i.e., at week 26), hence, no serial time points were analyzed. 

In conclusion, there is conflicting data as to which 
addition of azathioprine to adalimumab will increase 
adalimumab serum levels and reduce anti-drug antibody 
formation resulting in improved clinical outcomes 
in CD patients. The DIAMOND trial was the first 
randomized controlled trial that compared adalimumab 
monotherapy to simultaneous treatment with adalimumab 
and azathioprine in CD. Although no differences could 
be observed with regard to clinical remission at week 26, 
improved endoscopic outcomes at week 26 were seen in 
patients receiving combination treatment, suggesting that 
combining adalimumab with azathioprine induces mucosal 
improvement more rapidly compared to adalimumab 
monotherapy. The recently reported sub-analysis of the 
DIAMOND trial provides us with important information. 
Significantly higher adalimumab trough levels at week 26 
were found in patients who were in clinical remission at 
one year compared to patients who were not in clinical 
remission. Adalimumab trough cut-off levels at week 26 
≥5.0 µg/mL yielded optimal sensitivity and specificity 
for predicting clinical remission at one year. Moreover, 
detectable anti-drug antibodies at week 26 were associated 
with lower adalimumab trough levels and with clinical 

disease activity at week 52. Due to several limitations of the 
DIAMOND trial and the sub-analysis of this clinical study, 
prospective double blind studies are needed with sufficient 
patient numbers using objective (endoscopic) endpoints 
and serial time points for measuring adalimumab serum 
concentrations and anti-drug antibody levels. Only then we 
can draw firm conclusions as to which combined treatment 
with adalimumab and azathioprine should be advised for all 
CD patients.
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